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Abstract 

The present study was aimed to address critical aspects related to the development 

of fresh-blended strawberry purees. The main focus was to evaluate and 

determine the effects of wounding intensity on respiration rate and biologically 

active compounds (Experiment 2.1), to survey most important strawberry 

cultivars grown in Italy for fresh-blended purees (Experiment 2.2), optimize the 

blending conditions (time and temperatures) (Experiment 2.3), and evaluate and 

compare packaging conditions using two different plastic materials under active 

and passive modified atmosphere conditions (Experiment 2.4). For this purpose, 

fresh purees were blended and samples were prepared and physiochemical, 

nutritional and sensorial attributes were monitored at initial and during storage at 

5°C (according to each experiment).  

In Experiment 2.1, fruits were submitted to six levels of cut intensity - whole fruit 

(WHO), 4, 16, 64, and 128 pieces and chopped (CHO) samples. Respiration rate, 

vitamin C, total phenolic content, antioxidant capacity, total anthocyanin content, 

total soluble solids, titratable acidity and pH values were evaluated at the 

processing day (Day 0) and after 2 days at 5 °C (Day 2). Results showed effects 

of increased respiration rate consequential from cell disintegration of wounded 

issue up to certain wounding degree (64 pieces cutting), could be minimized 

significantly at a higher wounding intensity (cutting into 128 pieces and chopped) 

in strawberry fruits. This resulted in significant increase in total phenolic content, 

dehydroascorbic acid, antioxidant capacity during storage time with no effects on 

total anthocyanin content, total phenolic content, pH value and sugar/acid ration 

content. These results should be considered for processing and packaging 

optimization of minimally processed strawberries.  

For experiment 2.2, fresh puree from six strawberry cultivars (‘San Andreas’, 

‘Sabrina’, ‘Candonga’, ‘Festival’, ‘Fortuna’ and ‘Nabila’) were evaluated upon 

blending. Despite the variability on nutritional attributes, no significant 

difference on vitamin C content and sensory attributes except sensory color 

among the studied cultivars was found. Inverse correlation (r=76) (P<0.001) of 

total color difference (∆E*) and total anthocyanin content, and positive 

correlation (r=0.80; P<0.001) of total phenolic content and antioxidant capacity 

were found. ‘Festival’ followed by ‘San Andreas’ and ‘Candonga’ were 

mentioned as suitable cultivars for fresh strawberry puree production under 

optimal blending conditions.  

Therefore, to optimize the effects of blending conditions (time and temperature) 

on quality attributes of fresh-blended strawberry puree, two independent trails - 

response surface method based on a central composite design (Trial I) and 

blending temperature (Trial II) were conducted.  For Trial I, ten different blending 

time/temperature experimental runs ranging from 5 to 140 s and from 0 to 21°C 

respectively were tested. Physicochemical, organoleptic and nutritional quality 
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attributes were evaluated as responses at the processing day (Day 0) and after 6 

days at 5°C (Day 6). All data were fitted to the second-order (quadratic) 

regression equation. Results showed that at day 0, blending time had significantly 

negative effect on L* and b* values, titratable acidity and succinic acid, whereas 

blending temperature had significant influences on total anthocyanin content, 

sucrose, fructose, and malic acid. After 6 days, however, viscosity, total 

anthocyanin content, and dehydroascorbic acid were the only parameters found 

to be significantly affected by the blending conditions. High blending 

temperature (21°C) had positive effect on total anthocyanin content and negative 

effect on dehydroascorbic acid content. Therefore, Trial II was aimed to better 

understand the effect of this factor on certain quality parameters during storage 

of fresh purees. Strawberries stored at 5 or 21°C overnight were blended at 4000 

rpm for 90 and stored for 13 days at 5°C. Color parameters vitamin C, total 

anthocyanin content and sensorial attributes were monitored after 0, 3, 8 and 13 

days at 5°C. A two-way analysis of variance and Tukey’s test (P<0.05) showed 

that after 3 days, samples blended at the lowest temperature showed significantly 

better color maintenance (lower ΔE*), aroma and overall acceptance and stable 

ascorbic acid content. In general, blending time less than 90 s and temperature 5 

°C can be optimal blending conditions with improved packaging conditions.  

Finally, Experiment 2.4, was aimed to evaluate and compare two packaging 

materials, namely polypropylene/ethylene vinyl alcohol (PP/EVOH) and 

polypropylene/polyamine (PP/PA), both under active (5% O2+13% CO2) and 

passive (air) modified atmosphere packaging (MAP), to package fresh-blended 

strawberry purees. Physicochemical, sensorial, nutritional attributes and spoilage 

microbial counts were evaluated after 0, 2, 6, and 12 days of storage at 5°C. A 

two-way analysis of variance for treatment, storage time and their interactions 

was run and significant means were separated by Tukey’s test (P<0.05). Results 

showed that after 12 days at 5°C, packaging significantly affected the physical 

and nutritional attributes and microbiological counts. Samples in active MAP in 

PP/EVOH or PP/PA maintained slightly higher nutritional and sensorial 

attributes during storage. After 12 days at 5°C, samples in active PP/EVOH had 

lower microbiological counts (< Log 4 CFU g-1) and no perceived off-flavor 

compared to the other treatments. In conclusion, fresh-blended strawberry purees 

can be stored for about 12 days at 5°C using active PP/EVOH MAP condition for 

quality maintenance and freshness.  

As a final remark, high convenience fresh-blended strawberry puree can 

successfully be developed without significant losses of nutritional, organoleptic 

attributes for ready-to-use with 100% fruit product puree. The influences of pre-

harvest factors on quality and flavor profiles and non-thermal processing 

techniques should be considered for future studies.  

 

 Key Words: Anthocyanin, antioxidant capacity, ascorbic acid, central 

composite design, cutting degree, dehydroascorbic acid, ‘Festival’, Fresh puree, 

respiration rate 
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1. General Introduction  

1.1 Convenience product based on fresh fruit and vegetables: types and 

market data 

Convenience, together with price, sensory appeal and health-related concerns, is 

believed to be an important determinant of food choice (McIntosh, 1996). Like 

healthiness or sensory quality, convenience is a broad, multidimensional 

construct, in which not only the foods’ characteristics but also those of consumers 

and circumstances play a role (Costa et al., 2007). Although it is not easy to find 

a clear and simple definition of “convenient food products”, “any food which has 

had work performed on it outside the home can be regarded as convenience 

foods” (Scholliers, 2015). Referring to the basic fact that convenience foods make 

life easier, not just for those preparing a meal, but also for those eating it (untied 

by place, time or company). Brunner et al. (2010), defined convenience food 

products as “those that help consumers minimize time as well as physical and 

mental effort required for food preparation, consumption and clean-up”. 

Convenience determines where, when, why, what, how and even with whom we 

eat (Costa et al., 2007). Currently, the concept of convenience foods expands 

according to the ‘modernization’ of the food chain and a much more rapid pace 

than before (Scholliers, 2015), including also the convenience for safe and high 

quality and handling suitability. 

Nowadays, consumers’ ongoing demand for convenience and healthy foods has 

kept consumption of fresh-cut fruits and vegetables growing (Moreira et al., 
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2015). Consumers increasing demand for time-saving and healthy products such 

as fresh-cut fruits and vegetables that can be used without spending much time 

for preparation (Boča et al., 2014). The convenience food may also include the 

products beyond the fresh-cut products such as “minimally processed” food 

products (those that in Italian are known as V gamma). Most of convenience food 

products need little or no further preparation before being consumed and can be 

used at any time, quickly and easily as by thawing or heating. This may enable 

the consumers to save time and effort in food activities, related to shopping, meal 

preparation and cooking, consumption and post-meal activities (Buckley et al., 

2007; Daniels et al., 2015). Fresh-cut products in a raw state and even though 

minimally processed, remain in a fresh state, ready to eat or cook (Lamikanra, 

2002). Personal time is a more valuable and fresh-cut products satisfy a basic 

need to have a fresh product ready for consumption and do not require further 

washing with comparable quality in terms of nutritional values to the traditional 

fruits and vegetables prepared at home. Therefore, the fresh-cut scenario in 2015 

highlights a consolidation and further acceleration of the market growth in 2016. 

The benefits and enforcement of the newly introduced Law 77/2011, resulted in 

the full transfer consumers of more guarantees in terms of safety and quality of 

the product (Nielsen, 2016). 

Some of the popular convenience/processed food products based on fruits and 

vegetables are packaged chips, canned vegetables, bread, commercialized fruit 

juices, salt, sugar, flour, frozen meals/pre-packaged foods, based on type, the 
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market of convenience fruits and vegetables includes single fruit or vegetable and 

other preserved fruits and vegetables using sugar, vinegar, acetic acid, jams jellies 

and mixed pickles. Moreover, these can also be fresh, fresh-cut, canned, frozen, 

dried and convenience (Marketsandmarkets, 2016). 

However, the so called ‘convenience food products’ which are not originated 

from fruit or vegetables sources may not be so suitable for the human health 

because most of them are over-processed and may not provide enough nutritional 

values and sometimes have excessive amounts of sodium, sugar and saturated 

fats. Many of the health conditions like heart disease, hypertension, or diabetes 

are related to the foods. Pre-cut, prewashed, frozen, and canned fruits and 

vegetables can also be classified as convenience foods. Fruits and vegetables are 

essential components of the human diet and there are considerable evidences of 

the health and nutritional benefits associated with their consumption (Ramos et 

al., 2013). The changes in life-style and awareness for healthy convenience, is 

related, in a balanced diet, to the presence of a wide variety of minimally 

processed fruits and vegetables has been developed. A diet high in fruits and 

vegetables has a significant protective effect against the risk of various cardio 

metabolic diseases, including hypertension, stroke, diabetes and peripheral 

arterial diseases because fresh fruits and vegetables are major source of essential 

vitamins and minerals, such as vitamin A, vitamin C and potassium, needed for 

human wellbeing. These perishable living products require coordinated activity 
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by growers, storage operators, processors and retailers to maintain quality and 

reduce food loss and waste (Mahajan et al., 2014).  

Therefore, the trend for convenience products is based on fresh fruits and 

vegetables. While enhancing convenience, the quality and shelf life of fresh fruits 

and vegetables may be compromised. In some cases, may require addition of 

preservatives or use of highly impacting processing technologies. Most of them 

may not be free of preservatives, unnatural coloring, flavoring, and other 

appetizing substances. Numerous conventional thermal processing techniques 

such as blanching, pasteurization and sterilization, thermal drying, preservatives 

and novel thermal and non- thermal processing techniques (i.e. dense phase 

carbon dioxide, pulsed electric field, ozone processing, ultrasound processing, 

high hydrostatic pressure processing, radiation processing) can be implemented 

as processing measures (Rawson et al., 2011). Since, quality of fresh fruits and 

vegetables should not be compromised for just conveniences; high quality 

convenience products fulfill the modern consumers’ demand. Figure 1 illustrates 

the relationship between convenience, quality and shelf life of fresh foods. 

Concern about naturalness, nutrition knowledge, and cooking skills were 

identified among the strongest predicators of convenience food consumption 

among others (Brunner et al., 2010). Consumer profile is changing as an effect 

of a stressed lifestyle. The number of workers and singles is gradually increasing; 

they are short on time and demand minimally processed foods (ready-to-use) to 

save time on food preparation. Ready-to-use or to-eat products should have an 
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adequate shelf-life; it should be at least 4–7 days or even 21 days, depending on 

the products (Corbo et al., 2015). 

 

Figure 1 Quality vs conveniences: (Adapted from Freedman (2011)) 

 

Therefore, consumers aware of the modern trends in food industry express 

concerns regarding extended shelf -life and prefer the food products produced 

hygienically, safely and with a known origin/source of raw material. 

Convenience foods must be tasty and high quality, while meeting consumer 

expectations in terms of ease of use, safety, variety, packaging, nutritional value 

and product appeal and all season availability. Convenience products based on 

fresh fruits and vegetables probably meet these requirements as the intake of 

fruits and vegetables has been associated with a notable health-protecting factor 

against diseases caused by oxidative stress, including coronary heart disease, 

cancer, and neurodegenerative pathologies (Fu et al., 2011; Morales-Soto et al., 

2014). 

Fresh is always good! Convenience is the trend!
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Fresh cut products possess the same nutritional value, consistent quality and 

freshness as an intact fruit hence facilitating the consumer by adding to the 

convenience and reducing storage space as all packages include only edibles 

(Artés et al., 2007). This may enhance the number of consumers recognizing 

fresh-cut products as healthy convenience products.  

A recent market size report on fresh-cut (convenience) fruits and vegetables 

showed that both volume of production and values by region is slowly growing 

(Marketsandmarkets, 2016). The global market size by region (2012-2019) in 

terms of volume of production and values for 2012-2013 estimations for 2014 

and projects up to 2019 was reported. According to this study the global volume 

of production of fresh-cut fruits and vegetables grew from 5,259.5 MT to 5,879.3 

MT from 2012-2014 and is projected to reach 7,777 MT in 2019 which was 

valued for 6,418.7 million Euros in 2012, 7,178.1 million Euros in 2014 and is 

expected to be valued to 9,505.0 million Euros in 2019. The major contributing 

regions of the world are North America, Europe and Asia-Pacific with a growing 

contribution from Latin America and less from rest of the world including Africa.  

Current research of postharvest sciences has successfully discovered the remedies 

to the technical issues that caused hurdles in the industrialization of fruits and 

vegetables hence expanding ground for the fresh cut sector (Oms-Oliu and 

Soliva-Fortuny, 2011). Increased innovation through new product development, 

adoption of appropriate distribution chains, novel preservation treatments and 

advanced packaging strategies are the heart of contemporary research in order to 
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enhance the growth at the same rate to boost fresh cut industry (Martín-Belloso  

and Soliva-Fortuny, 2011), There is a broad scope of research for the 

development of technologies that can provide practical solutions for shelf life 

enhancement of fresh-cut fruits and vegetables equally ensuring their sensory 

qualities, microbiological safety and nutritional value.  

Fresh-cut products satisfy the consumer demand for easy-to-use, convenient, 

healthy food (Francis et al., 2012). Apart from this, most of the convenience food 

products in market are highly processed and may not be free of additives. Even 

the products based on fruits and vegetables on the market are greatly processed 

as clear juices, nectars, jams and preserves undergoing through high processing 

and preservation temperatures, during pasteurization, sterilization, blanching. As 

a result, undesirable changes in their organoleptic features (flavor, color, texture) 

and often in considerable losses in their valuable bioactive components, such as 

vitamin C and polyphenols, including anthocyanin pigments may happen 

(Marszalek et al., 2015).  

This is particularly important with soft berries such as strawberries.  Not only due 

their attractive color and flavor, but also due to the fact that among fruits, fresh 

strawberries and products based on fresh fruits have very short shelf life span 

(Sulaiman and Silva, 2013), high phytochemical content (Alvarez-Suarez et al., 

2014). Hence no wonder that strawberry is one of the most important fruit both 

economically and nutritionally as fresh and minimally processed products 

available in the market. 
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1.1.1 Strawberry fruit basics: importance, main destinations, new products 

Strawberry (Fragaria x ananassa Duch.) is one of the most economically 

important cultivated berry fruit crops worldwide with more than 7.5 million MT 

produced in 2013 (FAOSTAT, 2015). Strawberry is among the most widely 

consumed fruits in the world and its worldwide production ranks second from 

berries after the grape. In addition, being an attractive fruit due to its color and 

flavor, strawberries are consumed both as fresh fruit, as processed and as an 

important source of antioxidant compounds including anthocyanins, flavonoids, 

phenolic compounds and nutrients (Henriqueta et al., 2014). Strawberry is 

considered as a good source of antioxidants, mainly given to its high vitamin C 

and phenolic contents. Phenolic classes commonly found in strawberries are 

hydroxybenzoic acids (gallic and ellagic acids), hydroxycinnamic acids (p-

cumaric), hydrolysable tannins (ellagitannins), flavonols (quercetin, kaempferol 

and myricetin), flavan-3-ols (catequins, epicatechins), and anthocyanins 

(quantitatively the most important type of polyphenols in strawberry) being 

pelargonidin-3-glycoside, the most important flavonoid pigment (Tulipani et al., 

2008; Pineli et al., 2011). The high levels of micronutrients and phytochemical 

compounds in strawberries, exhibit functional roles in plant growth and 

metabolism and are essential for the nutritional and organoleptic qualities of the 

fruit (Tulipani et al., 2008). Currently, due to the multiple preventive and 

therapeutic health benefits associated with the consumption of strawberries are 

considered as a “functional food” (Fernández-Lara et al., 2015).  Consequently, 



 

9 

 

strawberry is consumed both as fresh or processed forms. Large quantities of 

strawberry production (approximately 80%) is for fresh market, while the rest are 

intended for industrial processing purposes, such as the production of yogurts, 

jams, jellies, dessert toppings (Šamec et al., 2016).  

 

Table 1 The top five Strawberry producing countries and total production and 

percentage on the world total production (2015); FOASTAT data, September 

2015. 

 

Rank Country 
Strawberry production 

2013 (MT) 
% of world total 

1 China 2,997,504.0 38.7 

2 USA 1,360,869.0 17.5 

3 Mexico 379,464.0 4.9 

4 Turkey 372,498.0 4.8 

5 Spain 312,500.0 4.0 
Sources: (FAOSTAT, 2015) (last accessed by Top 5 of Anything: September 

2015).  

According to the FAOSTAT (2015) report, in 2013, China with 39% market 

share and about 3 million MT was the first strawberry producing Country in the 

world, while the USA took the second place with 18% of the share. Third place 

went to Mexico with 5%, followed by Turkey and Spain as fourth and fifth places 

(Table 1). Italy is out of the top 10 representing just over 0.5% of world 

production. According to Italiafruit News (2016), during the last a few years 

(2000-2014), Spain and Poland were the largest producers of strawberry in 

Europe, with a significant increase (+85%) of strawberry production reported in 

Spain. In Italy, the export market of strawberry showed a reduction (-43%) 
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(Italiafruit News, 2016), mainly because of increased domestic consumption. In 

2014, the Italian strawberry production showed a slightly decrease in production 

(as equal as 2011). However, about 4% increase in strawberry consumption was 

found in 2014 compared to the previous years and still expected to grow. The 

expansion of production and marketing season and the availability of new 

varieties were among the driving forces for this increase. Strawberry production 

showed variability in the different regions of Italy. In South Italy, a significant 

reduction in Calabria (-20%) and Sicily (-5%) but not in Basilicata that had an 

increase in production (+9%). In the north, also a fall in Emilia Romagna (-6%), 

in the provinces of Bolzano (-12%) and Trento (-5%) but not in the Piedmont 

(+13%) (Italiafruit News, 2016). Strawberries are an important fruit in the 

Mediterranean diet because of their high content of essential nutrients and 

beneficial phytochemicals, which seem to exert beneficial effects in human health 

(Alvarez-Suarez et al., 2014). 
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1.1.2 Postharvest physiology and technology of fresh and fresh-cut 

strawberries  

 
Strawberries are non-climacteric fruit showing no increase in respiration rate or 

ethylene production during ripening (Merchante et al., 2013). Strawberries 

should be harvested near to full ripe usually when 75% of the berry surface of 

fruits showing red or pink color (Mitcham et al., 2000). Strawberry fruits 

harvested at their best stage of development (highest weight) and ripening 

(highest sugar: acid ratio, with appropriate color and texture) for consumption. 

Usually it takes ∼30 days from fruit set to achieve full size and ripening. 

However, this time is highly dependent on light, temperature, soil composition, 

and other conditions of cultivation (Cordenunsi et al., 2002). In order to have the 

highest quality in terms of flavor, taste and color strawberry must be harvested at 

full maturity. Softening of the fruits as they ripen involves thinning of cell walls 

and liquefaction of cell contents (Szczesniak and Smith, 1969). The large cells 

and thin cell walls in strawberry fruits contribute to their high level of 

susceptibility to mechanical damage (Aliasgarian et al., 2015). During ripening, 

changes may result in texture and decrease their quality and postharvest life very 

rapidly.  According to Mitcham et al. (2000), quality indices of fresh strawberry 

fruits based on recommended appearance (color, size, shape, freedom from 

defects), firmness, flavor (soluble solids, titratable acidity and flavor volatiles), 

nutritional value (vitamin C) should be considered. As an example, for acceptable 

flavor, a minimum of 7% soluble solids and/or a maximum of 0.8% titratable 

acidity are recommended. The ripe fruits usually have a short postharvest life 
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estimated 1-2 days at room temperature and around 5 days under cold-stored (0-

4 °C) (Martinez et al., 2008; Aday and Caner, 2014; Henriqueta et al., 2014; Jouki 

and Khazaei, 2014).  Temperature management remains the most important 

factor to reduce the losses. Fresh strawberries can optimally be stored at low 

temperature and high relative humidity (RH) (0 ± 0.5 °C; 90-95 % RH). 

Strawberries are among the highly respiring fruits ranging from 6 to 10 ml CO2 

kg-1h-1 (at 0 °C) to 50 CO2 kg-1h-1 (20 °C) (Mitcham et al., 2000).  Since there are 

no postharvest fungicides allowed on strawberries rapid marketing or quick 

cooling, storage at 0 °C, preventing fruit injury, and shipment under high carbon 

dioxide are the best methods for disease control (Mitcham et al., 2000). 

Furthermore, care separation of diseased or wounded berries from the healthy 

berries at harvest may minimize contaminations. Botrytis rot (Grey mold) caused 

by Botrytis cinerea that continues to grow even at 0 °C and rhizopus rot caused 

by the fungus Rhizopus stolonifera that does not grow at temperature below 5 °C 

are major concerns for postharvest loses of strawberry (Romanazzi et al., 2001). 

Temperature management is the simplest method of control. 

When strawberry fruits are stored at low temperature, their shelf-life can be 

extended to at least one week. Nevertheless, the delay between harvest and 

storage at the proper temperature is critical for the success of the treatment. It was 

observed that fruits stored at low temperature, 6 h after harvest, showed 

undesirable changes in color and texture and also a reduction of around 50% of 

water content in comparison to those that were immediately cooled after harvest 
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(Nunes et al., 1995). The damaging changes in sensorial and nutritional values of 

strawberries preserved in cold storage is significantly reduced.  

Several research works have aimed to find the best compromise between 

extended shelf-life and maintenance of nutritional value. Modified atmosphere, 

which can be produced by increasing CO2 level while reducing O2, has yielded 

good results regarding strawberry preservation (Cordenunsi et al., 2003).  Cold 

storage is an efficient way to preserve strawberries, since no deleterious changes 

were observed either sensorial or nutritional values. The beneficial effect of 

controlled and modified atmospheres in extending the storage life and delay 

decay of strawberries have been well documented. (Gil et al., 1997) observed that 

storage in elevated CO2 atmospheres, a commercial treatment for postharvest 

decay control, induced a paleing or ‘bleaching’ of the internal flesh color of 

‘Selva’ strawberry. (Perez and Sanz, 2001) worked for the enhancement of 

strawberry firmness along with deterioration of fungal growth using high CO2 

and high O2 atmospheres. Titratable acidity, color, sugars, distribution of organic 

acids and off odors were observed after one week of storage in four different 

atmospheres, two with high O2 concentrations i.e. air and 90% O2 and two with 

high CO2 and high O2 concentrations (20% CO2 + 5% O2 and 80% O2 + 20% 

CO2). It was concluded that the atmospheres with the high CO2 concentration 

found high contents of off flavor. In another study by Holcroft and Kader (1999) 

observed that during a 10-day storage time of strawberries the anthocyanin 

concentrations increased but this rise was slower in the air mixed with 10-20% 
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CO2. In the CO2 enriched in air, the flesh redness was also less as compared to 

storage in air.  Off-flfavor development is associated with increased production 

of ethanol and acetaldehyde. The alcohol content of strawberry fruits increased 

with the length of storage and with higher concentrations of CO2 (Thompson, 

2010b). ‘Pajaro’ strawberries stored in air, or air with 10, 20 or 30% CO2 for 5 

days at 5°C, followed by an additional 4 days in air at the same temperature. 

Ethanol and acetaldehyde accumulation was very slight, although sensory 

evaluation of the fruits showed that off-favor were present at transfer from CA, 

but not after the following storage in air (Colelli and Martelli, 1995). 

Another important type of stress in strawberry is mechanical damage that occurs 

during harvesting and postharvest manipulation of fruits. This stress is 

accompanied by physiological and morphological changes that affect the fruit 

commodity. Apart from the mechanical stress, there are other types of stress due 

to biological and environmental factors, which also cause quality reduction 

(Aliasgarian et al., 2015). Strawberries are extremely perishable because of the 

high respiration rate and weight loss, bruising and physical injury due to the soft 

texture and lack of protective peel during handling, transportation and storage 

(Henriqueta et al., 2014).  

Minimally processed strawberry or strawberry-based new products attracted the 

interest of food industries during the last few decades. The quality and shelf-life 

of fresh-cut or even fresh strawberry-based products can be influenced by several 

pre and post harvesting factors among which are the cultivar, processing and 
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storage and packaging conditions. During processing, several complex 

interrelationships among the effects of wounding on physiological processes 

occurs in fresh-cut products (Saltveit, 1997). Wound induces signals that provoke 

physiological and biochemical responses both in the adjacent and distant tissues; 

several of these responses are detrimental to the quality and shelf-life of fresh-

cut produce. The immediate response to wounding include increase in respiration 

rate and ethylene production which may be interrelated to the stimulation 

phenolic metabolism and wound healing responses. Furthermore, these processes 

can potentially be a source of poor flavor, softening, browning and toughening of 

fresh-cut products (Figure 2) (Saltveit, 1997).  

 

Figure 2 Interrelationship among the many effects of wounding on 

physiological processes in fresh-cut fruits and vegetables adapted from Saltveit 
(1997). 
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Wounding and its responses to degree of damages vary depending on species, 

cultivar, maturity, storage or processing temperature, cutting protocols, including 

sharpness of the cutting, and temperature at which the cutting is done (Lester, 

2003; El-Ramady et al., 2015). The response to wounding may vary depending 

on several factors such as genotype or cultivar, crop conditions (environmental 

and cultivation techniques), ripening season, harvest and postharvest conditions, 

including processing (Olsson et al., 2004; Giampieri et al., 2012). Cultivar 

screening is an important step in the study of new product based on fresh fruits, 

because it allows to identify genotypes which better respond to postharvest 

handling and minimal processing (Cabezas-Serrano et al., 2009). Appropriate 

processing, storage and packaging conditions are therefore crucial steps in facing 

the challenges during production and marketing of fresh minimally processed 

product in order to slow down the rapid quality deterioration and reduced shelf-

life (Hussein et al., 2015).  

 

Despite an increased interest for the food industry in developing new fresh-

blended/squeezed fruit juices and purees that are not very different from those 

fresh smoothies made at home, as far as we know no work has been done on 

fresh-blended strawberry purees. Fresh-blended purees are expected to maintain 

the nutritional and organoleptic characteristics of fresh fruits but also suitable 

from technological point of view. 
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This may add more value when minimally products are prepared to fulfil current 

demands of consumers regarding to the health and diet on top of the ease of use, 

handle or consume. Therefore, developing a new convenience product based on 

fresh strawberry fruits, may have a significant influence on the consumption. This 

can prove new opportunities towards improvement of cultivars for superior 

quality and technologically suitable not only for fresh and fresh-cut products but 

also new and more convenience products based on fresh strawberries. This 

becomes more important when the raw material for such convenience products 

come from low impact and organic farming systems and yet blended with no 

chemical additions.  
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 1.2 General and specific objectives 

Strawberry as a fruit and its value added products are highly demanded in the 

market with consumer acceptance based on many factors of cardinal significance 

including color, flavor, nutritional content, organoleptic properties, antioxidant 

capacity etc. Fresh strawberry purees are one of the products that can be 

introduced as a ready to use item into the market with expectations of positive 

acceptance if the nutritional, organoleptic and technological aspects are suitably 

addressed. Developing new convenience product based on fresh strawberry fruits 

with guaranteed quality and safety for at least 10-12 days of refrigerated storage 

without any thermal or chemical treatment and additives, is an interesting gap 

between the fresh-cut and processed food products. For the maintenance of 

optimum nutritional, organoleptic and technological aspects of fresh purees, they 

need to be minimally processed. Therefore, it is important to identify the factors 

that contribute towards the degradation of the nutritional and organoleptic 

attributes of added value food products prepared from strawberries. The general 

objective of the study was addressing these critical aspects for developing fresh 

strawberry purees focusing on main factors which may influence its quality 

attributes.  To this aim, specific objectives were therefore the following: 

i. to determine the effect of wounding, and of its intensity, on physiological 

and quality changes of fresh strawberry fruits, with particular focus on 

the respiration rate and on the fate of biologically active compounds; 
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ii. to survey strawberry cultivars grown in Italy for quality and 

technological attributes of fresh-blended puree in order to evaluate the 

extent of variability for each attribute, define differences and common 

characteristics, and, possibly, identify those which are better suitable to 

be used as a raw material for fresh- blended puree production;  

iii. to optimize the blending conditions (i.e. blending time and temperature) 

in terms of quality and shelf-life of fresh strawberry purees; 

iv. to study and compare the effect of different packaging materials on 

quality and shelf life of strawberry purees.
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Abstract  

Fresh-cut fruits are more perishable than whole fruits due to the physiological 

stresses caused by physical damage or wounding. Wounding (cutting) is the most 

important step in fresh-cut processing. The effect of wounding intensity on 

physiological and quality changes of fresh-cut strawberries was investigated. The 

focus was to determine the impact of wounding on respiration rate and nutritional 

quality changes of fresh-cut ’Candonga’ strawberries. Fruits were submitted to 

six levels of cut intensity - whole fruit (WHO), 4, 16, 64, and 128 pieces and 

chopped (CHO) samples. In this study, respiration rate, vitamin C, total phenolic 

content, antioxidant capacity, total anthocyanin content, total soluble solids, 

titratable acidity and pH values were evaluated at the processing day (Day 0) and 

after 2 days at 5 °C (Day 2). Results showed that wounding intensity significantly 

influenced the respiration rate, ascorbic and dehydroascorbic acids, total phenolic 

content, and antioxidant capacity. Respiration rate increased with wounding 

intensity up to the level of 64 pieces (18.2 mL CO2 kg-1 h-1) compared to WHO 

(10.0 mL CO2 kg-1 h-1) and then decreased in the CHO samples (5.1 mL CO2 kg-

1 h-1). At Day 2, the stress caused by the high intensity of cutting (64 pieces and 

CHO) induced a higher degradation of ascorbic acid, total phenolic content, and 

mailto:maria.dechiara@unifg.it
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antioxidant capacity and the increase of dehydroascorbic acid. No significant 

difference was found in total soluble solids, pH-value and titratable acidity and 

total anthocyanin content. In general, wounding significantly influenced 

respiration rates and nutritional quality. The changes related to the stress seem to 

first increase with the degree of cutting up to a certain intensity (64 pieces) and 

then decrease when the damage to the cells was very high to compromise their 

functionality. These results should be considered for processing and packaging 

optimization of minimally processed strawberries. 

Key words: Cutting degree, ’Candonga’, fresh-cut, respiration rate, ascorbic acid, 

dehydroascorbic acid, total phenolic content 

Introduction 

Fresh fruits are living tissues subject to continuous physiological activity 

inducing compositional and structural changes leading to ripening and/or 

senescence. These reactions cannot be stopped, but can be delayed within certain 

limits to prolong the shelf life of fruits as much as possible (El-Ramady et al., 

2015). Fresh-cut fruits are usually more perishable than whole fruits because they 

have been subjected to physiological stresses caused by physical damage during 

processing, leading to several physical and physiological changes such as 

increase in respiration rate. Wound-induced immediate response may include a 

wound signal formed in adjacent and distant tissues, which elicits a wide range 

of physiological and biochemical responses. The most common may include an 

increase in respiration rate, ethylene production, quality changes, synthesis 
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and/or loss of phytochemicals, decreasing of nutritional value, enzymes activity 

and microbial spoilage (Brecht, 1995; Surjadinata and Cisneros-Zevallos, 2003). 

The complex interrelationship among the several effects of wounding on 

physiological processes of fresh-cut produce can be found in Saltveit (1997).  

Wound responses vary depending on species, cultivar, maturity, storage or 

processing temperature, cutting protocols, including sharpness of the cutting tool, 

and temperature at which the cutting is done (Lester, 2003; El-Ramady et al., 

2015), O2 and CO2 levels, and water vapor pressure (Brecht, 1995). The wound-

induced changes within the wounded tissues involve altered expression of several 

genes and changes in enzyme activities (Mehta et al., 1991) which may be 

directed to healing the damaged tissue and providing defense mechanisms that 

prevent further damage (Chung et al., 2006).  

During storage, a higher rate of respiration usually leads ageing of the products 

by using reserve energy during oxidative-reduction process. The higher the rate 

of respiration, the shorter will be the shelf life. Peeling and slicing increase 

respiration rate up to 3 folds in baby carrot (Simões et al., 2011), and 2-folds in 

kiwi fruit. However, the rate of respiration remained unaffected after peeling and 

slicing in ripe bananas. This seems to differ between climacteric and non-

climacteric fruit and with the physiological age of climacteric fruit (Gunes and 

Lee, 1997). Moreover, fresh-cut processes induce an overall increase in the 

activities of phenylalanine ammonia-lyase (PAL) and often peroxidase (POD) 

and polyphenol oxidase (PPO) in response to cutting (Saltveit, 2005). Post-
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cutting interaction of product substrates with enzymes, such as ascorbate oxidase, 

PPO, and POD, may enhance degradation of phytonutrients. In addition, 

browning due to oxidation of phenols may reduce nutrient content and often 

results in degradation of color, texture and flavor of the product (Saltveit, 1997; 

Francis et al., 2012). Various compounds (e.g., antioxidants, calcium) and 

treatments (e.g., low oxygen, heat-shock) reduce wound-induced tissue browning 

by interfering with either the synthesis or oxidation of precursor of phenolic 

compounds (Brecht, 1995; Saltveit, 1997). According to Francis et al. (2012), an 

increase in nutritional value of wounded tissues because of the induced synthesis 

of phenolic compounds has been reported for cut lettuce, celery, carrot, parsnips, 

and sweet potato, while in the same study a decrease of phenols was observed in 

cut zucchini, radish, potato, and red cabbage. Each product type has a unique 

combination of compositional factors affecting the amount and profile of wound-

induced soluble phenolics. Their concentration is also dependent on the type of 

tissue, initial levels of reduced ascorbic acid and soluble phenolic compounds. 

Even reduced ascorbic acid resulted to be greatly affected by wounding (Reyes 

et al., 2007).  

Mechanical damage is considered as a type of stress that occurs during the harvest 

and postharvest handling of fruits. The soft and thin strawberry tissues (large cells 

and thin cell walls) contribute to their high level of susceptibility to mechanical 

damage such as abrasions, cuts, bruising and juice leakage (Kader, 1991). 

Maximum damage index (more than 50%) was related to the picking stage 
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although packing and delivery to the market were also important in strawberry 

(Aliasgarian et al., 2015). Moreover, the time between harvest and initial 

mechanical damage is an effective factor in susceptibility of fruits to the damage 

(Martinez-Romero et al., 2004). They reported that increasing the time led to 

decreasing the turgidity of young tissues and finally raised their resistance to 

damage. Results indicated that the variety, operation stage, fruit position in the 

box, and box position on the truck, had significant effects on the extent of the 

fruits mechanical damage (Martinez-Romero et al., 2004).  

In the recent years the food industry is interested in strawberry-based new 

products as source of bioactive compounds with higher antioxidant capacity, as 

strawberries are known to be a good source of vitamin C, anthocyanins and 

flavonols and, among fruits, one of the highest in term of antioxidant activity 

(Cordenunsi et al., 2005). Understanding the stress-induced changes is important 

in order to develop reliable approaches to control the stress responses (Hodges 

and Toivonen, 2008), and improve the quality of minimally processed products. 

This is particularly motivating to investigate the effect of wounding on soft and 

fresh fruits like strawberry. Therefore, the main objective of the present study 

was to determine the effect of wounding, and of its intensity, on physiological 

and quality changes of fresh strawberry fruits, with a particular focus on the 

respiration rate and nutritional compounds. 
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Materials and methods 

Sample preparation and analyses 

 
‘Candonga’ strawberries (Fragaria x ananassa Duch.) were purchased from local 

stores in Foggia (South Italy) and stored at 5 °C overnight. In the next morning, 

fruit with uniform color and size, free of physical defects and decay were grouped 

into six sample categories (treatments).  For each group, samples (approximately 

600 grams) were subjected to six different wounding intensities: Whole fruit (no 

cutting), cutting into 4, 16, 64, 128, pieces and chopped defined as WHO, P4, 

P16, P64, P128 and CHO, respectively (Figure 1.1). About 12-15 fruit were cut 

(300 g) for each replicate and used for initial determinations; whereas the 

remaining samples were stored at 5 °C under a continuous flow of humidified air 

for 2 days. Respiration rate, total vitamin C, total phenolic content, total 

anthocyanin content and antioxidant capacity, total soluble solid content, pH 

value, titratable acidity and sugar/acid ratio were evaluated initially at the 

processing day (Day 0) and after storage (Day 2). All samples were prepared and 

analyzed in triplicates. 
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Figure 1.1 Fresh-cut ’Candonga’ strawberries subjected into different 

wounding intensities (WHO, P4, P16, P64, P128 and CHO representing for 

whole fruit, cut into 4, 16, 64, 128 pieces and chopped). 

 

Respiration rate 

Respiration rate of fresh-cut strawberries was measured in static conditions as 

described in Kader (2002a). Respiration rate was determined at 120 min after 

cutting. A triplicate sample (about 300 g) of strawberry tissues were placed in 5 

L sealed glass jars with a plastic septum for sampling gas. The jars were initially 

left open in the cold room (5 °C); after closing, gas samples (0.5 mL) were 

collected from each jar after the required time to accumulate CO2 in the 

headspace up to a concentration of 0.1-0.2%, and injected into a gas 

chromatograph (Shimadzu, model 17 A, Kyoto, Japan) equipped with a thermal 

conductivity detector (200 °C). Separation of CO2 was achieved on a Carboxen 

1006 plot (30 m × 0.53 mm, Supelco, Bellefonte, PA, USA), with a column flow 

of 7 mL min−1, and an oven temperature of 180 °C. Calculation of respiration rate 

WHO P4 P16

P64 P128 CHO
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was based on the difference in concentration, the sample weight, the free volume 

inside the jar, and the elapsed time, as in equation (1):  

yCO2=yi
CO2-

RCO2W

Vf

 (t-ti) 𝑥 100     (1) 

Where yi
CO2 and yCO2 are CO2 concentrations (percentage) at the initial time ti (or 

time zero) and at time t (h) respectively, RCO2 is respiration rate in mL kg-1 h-1, 

W is the total weight of the product (kg), and Vf is the free volume inside the jar 

(mL), which is the total volume of the glass jar minus the volume occupied by 

the sample, assumed equal to the apparent density of sample (e.g. strawberry fruit 

approximately 1.0 g cm-3) (Caleb et al., 2012a).  

Compositional attributes 

Vitamin C content was measured in 5 grams of homogenized strawberry tissue 

as L-ascorbic acid (AA) and L-dehydroascorbic acid (DHA) contents (expressed 

as mg of AA, DHA) or total vitamin C (AA + DHA) per 100 g of fresh weight 

(mg 100 g-1 FW) following the procedure by Zapata and Dufour (1992) with 

slight modifications. 

Total phenolic content (TPC) was analyzed using the Folin–Ciocalteau method 

of Singleton and Rossi (1965), with some modifications where five grams of 

tissue were homogenized in an Ultraturrax (IKA T18 basic, Wilmington, NC, 

USA) with 10 mL of extraction buffer containing 200 mL of distilled water, 800 

mL of methanol and 2 mM (84 mg L-1) of sodium fluoride (NaF). Extracts were 

then centrifuged at 4 °C and 10000 rpm for 5 min. Extract of 100 µL was mixed 

with 1.58 mL of distilled water, 100 µL of Folin-Ciocalteau reagent and 300 µL 
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of sodium carbonate solution (200 g L-1). Then samples were left at room 

temperature for 2 h in the dark. The absorbance was read at 725 nm against a 

blank (prepared in the same way except the 100 µL of sample was replaced by 

100 µL distilled water) using a spectrophotometer (UV- 1700 Shimadzu, Jiangsu, 

China). TPC was calculated based on the calibration curve of gallic acid and 

results were expressed as milligram gallic acid equivalents per 100 g fresh weight 

(mg GAE 100 g-1 FW). 

Total anthocyanin content (TAC) was determined following the protocol 

described by Cordenunsi et al. (2002), with small modifications. One gram of 

strawberry tissue was mixed with 20 mL of extraction solution (methanol in 1% 

hydrochloric acid; HCl-MeOH mixture) and homogenized for 20 s using 

Ultraturrax (IKA T18 basic, Wilmington, NC, USA). The homogenate was then 

centrifuged for 15 min at 4 °C at 2000 rpm. At that time, 700 µL of supernatant 

plus 300 µL of 1% HCl-MeOH solution were put in cuvettes and absorbance was 

read immediately in a spectrophotometer at 510 nm. Results were expressed mg 

of pelargonidin-3-glucoside equivalents per 100 g of fresh weight (mg PG-3- glu 

100 g -1 FW).  

The antioxidant capacity (AC) assay was conducted on the same extract made for 

TPC, following the method of Brand-Williams et al. (1995), with slight 

modifications. Fifty µL of diluted extract was pipetted into 950 µL of DPPH (2, 

2-Diphenylpicrylhydrazyl) solution and absorbance were read after 24 h at 515 

nm. Trolox (6-Hydroxy-2, 5, 7, 8-tetramethlychromane-2-carbxylic acid) was 
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used as a standard and results were expressed in milligrams of Trolox equivalents 

per 100 g of fresh weight (mg TE 100 g-1 FW). 

Total soluble solids (TSS) were obtained by measuring the refractive index of 

strawberry juice using a digital refractometer (Atago RX-7000cx; Atago Co. Ltd., 

Japan) at 25 °C. One gram of sample was used to determine the pH and titratable 

acidity (TA), with an automatic titrator (T50 M Terminal, METTLER TOLEDO, 

Switzerland) against a volume of 0.1 N NaOH until reaches the final pH of 8.2. 

TA was expressed as g of citric acid equivalent per 100 g fresh weight (g citric 

acid 100 g-1 FW). TSS/TA ratio was calculated from by dividing TSS by TA.  

Statistical analysis 

Data were subjected to a two-way ANOVA (for treatment and sampling time), 

treatment means were separated by Tukey’s test at P < 0.05 (5% significance 

level) using Stat Graphics Centurion XVI.I (Stat Point Technologies, Inc., 

Warrenton, VA USA) software.  

Results and discussion 

Wounding intensity had significant effect on most parameters except pH; the 

same for storage time with exception of total phenolic content while the 

interaction between the two factors had a significant effect on respiration rate, 

ascorbic and dehydroascorbic acids, total vitamin C, total phenolic content and 

antioxidant capacity but no significant difference in the TAC, TSS, pH, TA and 

TSS/TA ratio. Following, these effects are described in detail. 

Effect of wounding intensity on respiration rate of strawberry fruits 
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Respiration rate gives an immediate overview of the metabolism of a commodity, 

where higher respiration is an indicator of accelerated metabolism which is 

inversely related to shelf-life (Kader and Saltveit, 2003). Strawberry is among the 

commodities with highest respiration rate, which may be further stimulated by 

wounding. The effect of wounding intensity on the respiration rate of ‘Candonga’ 

strawberry fruits after 120 min post-cutting at 5 °C is shown in Figure 1.2. 

Wounding induced a significant increase in respiration of strawberries tissues that 

resulted to be proportional to cutting intensity up to a certain point from 10.0 

(WHO) to 18.2 ml CO2 kg-1 h-1 (P64). According to Surjadinata and Cisneros-

Zevallos (2003), an increase in respiration may be due to enzyme synthesis and 

a simultaneous decrease due to the action of an inactivation system that degrades 

or inactivates the enzyme being formed. Further increase of wounding beyond 

P128 did not stimulate respiration rate: a significant decrease up to a minimal 

level of 5.1 mL CO2 kg-1 h-1 was observed for chopped samples. 
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Figure 1.2 Effect of cutting stress on respiration rate at 5 °C of ‘Candonga’ 

strawberry fruits at 120 min post-cutting; WHO, P4, P16, P64, P128 and CHO 

representing for whole fruit, cut into 4, 16, 64, 128 pieces and chopped; mean 

values and standard error (n=3); lowercase letters indicate significant difference 

among treatment; (P < 0.05) Tukey’s test. 

 

It is possible that, after a certain degree, the damage of the tissue was very high 

to compromise cell functionality. The transition from respiring to non-respiring 

tissues after wounding is probably related to the damage of membrane system or 

mitochondria and consequent disruption of oxidative phosphorylation. Changes 

in ammonium dihydrogen phosphate (ADP) and ammonium transferase 

phosphate (ATP) concentrations in wounded tissue indicate that oxidative 

phosphorylation failed to keep pace with ATP utilization in injured tissue (Lafta 

and Fugate, 2011). According to Lafta and Fugate (2011), ATP concentrations 

declined of 41% while ADP increased 31% between day 1 and day 4 after 

incremental injury of sugar beet root. Costa et al. (2011), reported that respiration 

rates of fresh-cut strawberries was higher than whole fruits and cooling had a 
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significant influence on respiration rates. This is possibly due to the increased 

surface exposed to the atmosphere after cutting, allowing oxygen to diffuse into 

the interior cells more rapidly, and to the increased metabolic activities of injured 

cells (Saltveit, 1997; Lagarón, 2011; Nilsson and Hedenqvist, 2011). As already 

mentioned, physical damage such as bruising and surface injury can stimulate 

respiration, with the degree of increase being proportional to the severity of the 

damage. A rapid and temporary increase in CO2 and ethylene production as a 

response to wounding induced by slicing operation could reduce the shelf life of 

fresh-cut products (Artés et al., 2007). The presence of moisture in the cut surface 

may impede gas diffusion, and with the increasing respiration, this could possibly 

lead to anaerobiosis, causing deterioration of tissue (Saltveit, 1997; Surjadinata 

and Cisneros-Zevallos, 2003). However, wound-induced respiration depends on 

the type of tissue, temperature, controlled atmospheres (Watada et al., 1996) and 

degree of cutting (Zhu et al., 2001). After wounding, respiration rate of carrot 

tissue showed a typical increase, a maximum peak, and a decrease through time 

until reaching steady-state respiration values similar to that of carrot tissue before 

wounding (Surjadinata and Cisneros-Zevallos, 2003). In some plant tissues this 

may be related to α-oxidation of fatty acids and CO2, and is responsible for 

increased respiration after slicing of potato (Gunes and Lee, 1997). According to 

Surjadinata and Cisneros-Zevallos (2003), wounding triggers important enzymes 

from the respiration pathway, such as phosphofructokinase and cytochrome 

oxidase by increasing and decreasing their activity through time, allowing an 
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increase and decrease in respiration rate. Thus, the greater the tissue damage, the 

greater the amount of a number of enzymes and substrates reacting together and, 

therefore, the greater the degree of browning (Gunes and Lee, 1997). 

Effect of wounding intensity on nutritional content of strawberry fruits 

The effect of wounding intensity on AA, DHA and total vitamin C content 

(AA+DHA) of fresh-cut ‘Candonga’ strawberries is shown in Figure 1.3. At Day 

0, AA and total vitamin C were not significantly affected by the wounding 

intensity, with almost similar values among treatments ranging from 36.6 (P64) 

to 44.6 mg 100 g-1 FW (P4). On the other hand, an increase in DHA content could 

be observed already at Day 0 with a significant difference among treatments 

ranging between 6.7 mg 100 g-1 FW in the WHO and 21. 6 mg 100 g-1 FW in the 

treatment P128. Like the AA values, the total vitamin C did not vary among the 

treatments on the processing day, most probably because ascorbic acid 

represented the larger part of vitamin C. The mean values of total vitamin C 

content at Day 0 ranged from 50.8 (WHO) to 60.7 (P128 mg 100 g-1 FW). The 

wounding intensity did not affect the AA and total vitamin C; this was also 

observed by Costa et al. (2011), and may be due to the immediate analysis of 

samples before the tissue responded to the stress.  

After 2 days from cutting a slight increase in AA was observed for P16 and P64 

while a noticeable reduction of AA was found increasing cutting stress on the 

tissue. P128 and CHO samples showed in fact significantly lower values of 

ascorbic acid (27.4 and 17.2 mg 100 g-1 FW, respectively) than other treatments, 
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with 64-piece sample showing an intermediate behavior (40.9 mg 100 g-1 FW) 

(Figure 1.3 A). On the other hand, a significant increase of DHA with the increase 

of wounding intensity was observed for all samples starting from P16. The lowest 

and highest DHA level at Day 2 were found with the WHO and CHO samples 

(11.8 and 54.7 mg 100 g-1 FW) respectively. The highest level of wounding 

intensity (CHO) induced about 5-fold increase in DHA content (Figure 1.3 B). 

Usually, enzymatic and non-enzymatic oxidation of AA into DHA results in a 

significant decrease in ascorbic acid and consequent increase of the DHA. 

Therefore, after prolonged storage, mechanical and thermal treatments, DHA 

content can represent a large portion of total vitamin C (Davey et al., 2000; Lee 

and Kader, 2000). In the present study different behavior were observed: as for 

P128 and CHO samples the decrease in AA due to oxidation was accompanied 

by increase in DHA amount ending in a rise of total vitamin C content of the 

products (Figure 1.3 C).  No further oxidation of DHA into 2,3-diketogulonic 

acid was observed. Regarding P16 and P64 samples at day 2 higher AA amounts 

were detected, suggesting the occurrence of new synthesis or the presence of 

different sources of ascorbic acid. Cordenunsi et al. (2005) reported that ascorbic 

acid synthesis in strawberries occurs during the storage period, and temperature 

may affect it. Cutting stress activated biosynthesis of AA and reduction of AA 

metabolism, and hence the level of AA remained unchanged in sweet pepper 

fruits (Imahori et al., 1997). Furthermore, existent literature (Loewus et al., 1958) 

showed that in detached strawberry fruits, the majority (80%) of D-glucose is 
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incorporated into L-ascorbic acid by a pathway that does not involve inversion of 

the carbon skeleton (Valpuesta and Botella, 2004) i.e. the C1 Carbonyl function 

of L-ascorbic acid is formed by oxidation of C1 of D-glucose). Moreover, 

Wolucka and Van Montagu (2003) suggested that exogenous L-gulose and L-

gulono-1,4-lactone serve as direct precursors of L-ascorbic acid in plant cells and 

proposed a L-gulose pathway for the de novo biosynthesis of vitamin C in plants. 

As for the present work it was possible to suppose that new synthesized ascorbic 

acid replaced the oxidized AA. As a result, ascorbic acid content did not decrease 

over time while a huge increment in DHA occurred for P64 sample. Some authors 

observed in different strawberry cultivars that DHA evolution during storage, 

when associated with ascorbic acid retention, can be taken as an evidence of an 

operative redox system (AA/DHA) acting during cold storage, and there seems 

to be no fruit-specific pattern of total AA or DHA accumulation, but a cultivar-

specific one (Cordenunsi et al., 2005). Moreover, the precursor–product 

relationships and the identity of several major DHA breakdown products 

remained unclear. Interesting biological roles in the apoplast for ascorbate’s 

primary oxidation product (DHA) and ascorbate and DHA metabolism in plants 

is highly significant; however, many questions concerning their catabolic 

pathways and the identity of major degradation products remain open (Lin and 

Varner, 1991). DHA is a branch-point in ascorbate catabolism, being either 

oxidized to oxalate and its esters or hydrolyzed to DKG and downstream 

carboxypentonates. The oxidation/hydrolysis ratio is governed by reactive 
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oxygen species status (Parsons et al., 2011). In general, the ratio of DHA/AA 

may increase during storage although the oxidized form is more prone to 

decomposition, leading to the loss of biological activity, the changes in AA forms 

are important in both, technological and nutritional terms (Lee and Kader, 2000; 

Cordenunsi et al., 2005). 
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Figure 1.3 Effect of cutting stress on ascorbic acid (AA) (A), dehydroascorbic 

acid (DHA) (B) and total vitamin C content (C) of fresh-cut ‘Candonga’ 

strawberries (Day 0 and Day 2 at 5 °C; WHO, P4, P16, P64, P128 and CHO 

representing for whole fruit, cut into 4, 16, 64, 128 pieces and chopped 

respectively; mean value and standard error; n=3); different lowercase letters 
indicate significance levels between treatments and uppercase letters between 

storage times (P < 0.05) Tukey’s test. 



 

39 

 

Effect of wounding intensity on TPC, TAC, and AC of fresh-cut ‘Candonga’ 

strawberries is shown in Table 1.1. Wounding intensity significantly affected the 

TPC of fresh-cut strawberries. At Day 0, P128 had significantly higher (P< 0.05) 

TPC compared to other treatments with the exception of P64, with P16 showing 

the lowest amount (227.3 mg GAE 100 g-1 FW) and, together with P4 (237.4 mg 

GAE 100 g-1 FW), resulted in significantly lower content of phenolic compounds 

than whole fruit. A possible explanation may be found in the prevalence of 

phenolics de novo synthesis with respect to their oxidation. This situation is 

reversed in the case of a more serious damage. As described by the obtained 

results, most probably after two days of storage this situation reversed. The 

damage due to the processing of fresh-cut products increases their antioxidant 

capacity, inducing synthesis and accumulation of phenolic compounds (Kang and 

Saltveit, 2002). However, phenolic compounds are also used as precursors for 

lignin biosynthesis.  According to Becerra-Moreno et al. (2015), in wounded 

carrots subjected to additional water stress, lignification processes was favored 

rather than phenolics biosynthesis (being the phenolic biosynthesis lower than 

lignification process); thus lower phenolic compounds and higher lignin content 

was quantified as compared to wounded carrots stored under control conditions. 

At Day 2 however, TPC increased more clearly in P4 and P16 samples, which 

showed significantly higher values than other treatments, including the WHO. 

This is supported by literature reporting that TPC in white potato tubers subjected 

into different wounding intensities (slices, pie-cuts) showed an accumulation of 
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100% and 65% higher TPC for slices and pie-cuts, respectively, whereas 

shredded potatoes stored at 10°C for 96 hours showed 40% lower phenolic 

content if compared with whole product before storage (Torres-Contreras et al., 

2014). Similarly, an accumulation of wounding-induced TPC and an increase of 

PAL activity in sliced potato tissues compared to whole tubers was found in 

purple-flesh potato slices stored at 15 ◦C for 48 hours with approximately 60% 

increase in TPC (Reyes and Cisneros-Zevallos, 2003). According to a study by 

Surjadinata and Cisneros-Zevallos (2012), phenolic antioxidant accumulation is 

dependent on wounding intensity. The phenolic content increased with wounding 

intensity by 97, 76, and 252% for slices, pieces and shreds, respectively compared 

to non-wounded carrots (45–52 mg 100 g-1). Phenolic compounds are in fact 

closely associated with structural and defense-related functions in plants via the 

phenylpropanoid pathway. After wounding of fruits and vegetables a number of 

physiological responses are induced, as a result of rupture of the cell membrane, 

causing the phenolics to combine with the oxidative enzyme systems and another 

response involves the synthesis of monomeric or polymeric phenolics to repair 

the wounding damage. Moreover, de novo synthesis of PAL, the initial rate-

controlling enzyme in phenolic synthesis, is stimulated. This leads to the 

accumulation of phenolic compounds, and subsequent enzymatic oxidation and 

tissue discoloration (Adams and Brown, 2007). 

There was no significant difference in TAC both at Day 0 and 2 although the 

mean TAC value of sample P4 showed slight increase during storage time. The 
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mean value of TAC ranged from 19.1 (P4) to 22.2 (CHO) mg PG-3-glu 100 g-1 

FW (Table 1.1). In the literature, there is a wide range of variabilities in the TAC 

determined. Strawberries TAC has been reported to be in the range between 15.0 

to 80.0 mg 100 g-1 FW (Padmanabhan et al., 2016). The increase in anthocyanin 

concentration during storage may be related to the increase in their biosynthesis 

and accumulation induced by low temperature storage (Holcroft and Kader, 

1999). Accordingly, about 60% accumulation of TAC in sliced potatoes was 

found by Reyes and Cisneros-Zevallos (2003). Similar increase in anthocyanin 

was reported in pomegranates stored at low temperatures (Arendse et al., 2014).  

Wounding intensity also significantly affected antioxidant capacity of fresh 

‘Candonga’ strawberries. At Day 0, samples cut into 16 (635.5 mg TE 100 g-1 

FW) and 64 (659.2 mg TE 100 g-1 FW) pieces had significantly higher AC than 

the CHO (541.0 mg TE 100 g-1 FW) and WHO (519.7 mg TE 100 g-1 FW) 

samples. A similar trend was also observed after 2 days from cutting when P16 

sample showed significantly higher AC value when compared to the CHO 

samples, although this difference was not significant if compared to the rest of 

the treatments.  

No significant effect of storage time was observed on the TPC, TAC, and AC in 

CHO sample (Table 1.1), indicating that these compounds were preserved during 

cold storage. This sample showed also the lowest respiration and no significant 

difference in total vitamin C if compared to the WHO samples. This characteristic 

may be exploited to maintain the quality of fresh-blended products. The high 
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level of vitamin C and phenolics including anthocyanins present in strawberries 

have antioxidant effects and therefore consequent beneficial effects on the 

maintenance of consumer health (Giampieri et al., 2012; Van De Velde et al., 

2013). The relatively higher values of AC determined for CHO sample could 

probably be due to the higher values of total vitamin C and phenolics. The AC of 

fruit is in fact closely correlated to the presence of efficient oxygen radical 

scavengers, such vitamin C, and phenolic compounds and AC is influenced by 

individual contribution of different phytochemical compounds (Giampieri et al., 

2012). Tulipani et al. (2008), demonstrated that vitamin C in strawberries has 

been found to be the greatest contributor (>30%) of total antioxidant capacity 

followed by anthocyanins (contributing for 25-40%), and the rest was composed 

mainly of ellagic acid derivatives and flavonols (Tulipani et al., 2008; 

Padmanabhan et al., 2016). This can demonstrate that antioxidant activity is 

indicative of total vitamin C and total phenolic content and therefore anthocyanin 

and ellagitannins content in strawberries (Giampieri et al., 2012).  

TSS, pH value, TA and TSS/TA ratio of fresh-cut strawberry subjected to 

different wounding intensity and stored for two days at 5 °C were not 

significantly affected by the interaction between treatments and storage time 

(data not shown). The mean values of TSS ranged from 7.6 (WHO at Day 0) to 

8.6 °Brix for WHO, P16 and CHO samples at Day 2. Almost similar pH values 

(3.9 to 4.0) were determined for all treatments and sampling times. TA ranging 

from 0.7 to 0.8 g citric acid 100 g-1 FW showed almost no differences among 
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treatments and sampling time except for P64 which had a slightly lowest value 

after two days. Similarly, almost no differences in the TSS/TA ratio were 

recorded. The highest and lowest values were 9.4 (P4 at day 0) and 12.1 (P16 at 

Day 2). 

 

Table 1.1 Effect of wounding intensity on TPC (mg GAE 100 g-1 FW), TAC 

(mg PG-3-glu 100 g-1 FW), and AC (mg TE 100 g-1 FW) of fresh-cut 

‘Candonga’ strawberries (Day 0 and Day 2 at 5 °C; WHO, P4, P16, P64, P128 

and CHO representing for whole fruit, cutting into 4, 16, 64, 128 pieces and 

chopped respectively. Mean values ± standard error; n=3); different lowercase 

letters indicate significance levels between treatments, uppercase letters 

between storage times (days at 5°C) (P < 0.05), and ns = no significance (P < 

0.05) by Tukey's test. 

 

 
 

Wounding intensity

WHO P4 P16 P64 P128 CHO

Day 0 288.0 ± 4.2 Ab 237.4 ± 9.1Bc 227.3 ± 2.4 Bc 294.8 ± 1.3 Aab 323.2 ± 5.0 Aa 294.0± 2.7 Ab

Day 2 261.9 ± 7.1 Bb 318.7 ± 10.1 Aa 324.8  ± 10.1 Aa 252.1 ± 8.8 Bb 287.3 ± 6.0 Bab 258.4 ± 3.8 Ab

Day 0 19.4 ± 0.3 ns 19.1  ± 0.4 Ans 20.1 ± 0.2 ns 20.9 ± 1.0 ns 20.5 ± 1.1 ns 19.7 ± 0.6 ns

Day 2 20.7 ± 0.9 ns 20.8 ± 0.1 Bns 21.5 ± 0.8 ns 22.0  ± 0.1 ns 22.0 ± 1.2 ns 22.2 ± 0.7 ns

Day 0 589.5 ± 2.0 Abc 602.4 ± 2.8 Aabc 635.5 ± 7.6 Aa 659.2 ± 5.4 Aa 627.4 ± 7.3 Aab 541.0 ± 3.8 Ac

Day 2 519.7 ± 12.5 Bab 597.7 ± 25.7 Bab 616.3 ± 1.3 Ba 544.4 ± 1.6 Bab 566.9± 5.4 Aab 462.4 ± 6.1 Ab

Compound Days at 5 °C

Total phenolic content

Total anthocyanin content

Antioxidant capacity
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Conclusion 

 

The effect of wounding intensity on respiration rate and compositional values of 

fresh ‘Candonga’ strawberry fruits was clearly determined. Wounding intensity, 

storage time and their interactions had significant influences on respiration rate, 

AA, DHA and total vitamin C, TPC, and AC. However, these effects 

proportionally changed up to a certain degree of wounding intensity. The 

respiration rate related to the wounding intensity increase up to 64 pieces 

wounding and then decrease when the damage to the cells was very high and 

compromise their functionality. TAC, TSS, pH, TA and TSS/TA ratio however 

were not affected by wounding intensity. In general, high degree of wounding 

intensity (P128 and CHO) caused a significant decrease in respiration rate. In 

addition, the chopped sample did not show any significant difference in TPC, 

TAC and AC during storage time.  

The results of the present study demonstrated that the application of wounding 

intensities could be used as simple emerging technology to induce the 

accumulation of TPC in plants (Torres-Contreras et al., 2014) and selection of 

appropriate wounding intensity and/or abiotic stress can enhance the nutritional 

and functional values of fresh produce (Reyes and Cisneros-Zevallos, 2003). 

These results should be taken into consideration for processing and packaging 

optimization of minimally processed products from fresh strawberries. 
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Abstract 

BACKGROUND: The objective of this work was to evaluate the influence of 

cultivar on quality attributes of fresh strawberry purees. The study focused on 

surveying organoleptic, technological and nutritional attributes of 6 cultivars in 

order to develop fresh-blended puree based on strawberry fruit. The strawberry 

cultivars - ‘San Andreas’, ‘Sabrina’, ‘Candonga’, ‘Festival’, ‘Fortuna’ and 

‘Nabila’ - were harvested at commercial maturity, transported to laboratory and 

stored at 5 °C overnight. Freshly blended purees from each cultivar were prepared 

and physical, chemical and sensory attributes were immediately evaluated. In 

addition, polyphenol oxidase (PPO) enzyme activity was determined. All data 

were subjected to one-way analysis of variance and mean values were separated 

by Tukey’s test (P<0.05). Moreover, principal component analysis and 

correlation methods were also applied. 

RESULTS: Significant influence (P<0.05) of cultivar was found on colorimetric 

parameters, viscosity, total soluble solids, pH, titratable acidity, sugars, acids, 

total phenolic content, total anthocyanin content, antioxidant capacity, and PPO 

activity. No significant difference on vitamin C content and sensory attributes 

except color among the studied cultivars. PCA revealed total color difference 

(∆E*) was inversely correlated (r=76) (P<0.001) with anthocyanin content. 

Moreover, high correlation between total phenolic content and antioxidant 

capacity were found. ‘Festival’ followed by ‘San Andreas’ had better sensory 

color, lower total color difference and higher total anthocyanin content. 

mailto:giancarlo.colelli@unifg.it
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Alternatively, ‘Candonga’ had higher values of total phenolic content, total 

soluble solids, antioxidant capacity and PPO activity. 

CONCLUSION: The results suggest that cultivar significantly influences the 

quality of strawberry purees. Cultivar ’Festival’ followed by ‘San Andreas’ and 

‘Candonga’ can be selected as suitable cultivars for fresh strawberry puree 

production. Further studies on processing and storage condition optimization 

would provide better information in the fresh-blended puree processing. 

 

Key words: Anthocyanin, aroma, antioxidant capacity, strawberry, puree 

 

Introduction 

Strawberry (Fragaria x ananassa Duch.), belonging to the Rosacea family, is a 

known non-climacteric fruit showing no increase in respiration rate or ethylene 

production during ripening (Merchante et al., 2013). It is grown in a wide range 

of climates and, among the berries, its worldwide production ranks second after 

the grape (Bodelón et al., 2013). Strawberry is a highly demanded fruit by 

consumers due to its attractive color and flavor but has a very short shelf life 

(Sulaiman and Silva, 2013). This is mainly due to its susceptibility to mechanical 

injury, excessive texture softening, physiological disorders and growth of 

pathogens that can rapidly reduce the quality and make marketing a challenge 

(Fernández-León et al., 2013; Gol et al., 2013). Strawberries are rich sources of 

micronutrients and phytochemical compounds including flavonoids such as 

anthocyanin, flavonols, hydrolysable tannins and phenolic acids (Terefe et al., 

2010). Compared with other fruits, strawberries possess high antioxidant activity 

(Sun et al., 2002). Total antioxidant contents of strawberries were found to be 1.3 
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times the antioxidant activity of oranges, 2 times that of red grapes, 5 times that 

of apples and bananas and 13 times that of honeydew melon. Similarly, 

strawberries have higher total anthocyanin content (from 2 to 11 fold) than 

apples, peaches, pears, grapes, tomatoes, oranges or kiwifruit (Scalzo et al., 

2005). However, these compounds can be influenced by several factors such as 

genotype, crop conditions (environmental and cultivation techniques), maturity 

at harvest, and postharvest conditions, including processing (Olsson et al., 2004; 

Giampieri et al., 2012).  

The influence of genotype on quality attributes of strawberries is probably due to 

the fact that this is the major factor that determine fruit nutritional quality 

(Sulaiman and Silva, 2013). The concentration of phenolic compounds of 27 

strawberry cultivars and their changes during ripening showed significant 

differences among cultivars. Anthocyanins were the most abundant class of 

phenolic compounds in the majority of the cultivars, and their amount varied from 

8.5 to 65.9 mg 100 g-1 FW contributing by 28% to the total phenolic contents in 

the strawberry cultivars (Aaby et al., 2012). To this regard some studies focused 

on influence of environmental and genetic factors on health-related compounds, 

(Tulipani et al., 2011) confirmed a relevant genotype-dependent response to 

environmental stress conditions resulting in changes in the antioxidant, phenolic 

and allergenic properties of strawberry fruits in different years. The anthocyanin 

composition and color characteristics juices from 39 strawberry genotypes were 

studied by Bakker et al. (1994). They discovered that no single cultivar or 
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breeding line possessed the innate pigment characteristics thought to confer 

greater color stability on strawberry juices, but the anthocyanin patterns were far 

more complex in strawberries. Cultivar screening is an important step in the study 

of a new product based on fresh fruits, because it allows identifying a cultivar 

with better responses to postharvest handling and minimal processing (Cabezas-

Serrano et al., 2009).  

Selection of good quality raw material is vital to the success of minimally 

processed products. The choice of a cultivar with superior sensorial quality 

(mainly defined as attractive color and flavor,) and good nutritional quality 

attributes (high vitamin C anthocyanins content, and antioxidant activity) is 

essential for consumer’s acceptance. Consumers are in fact attracted by the 

typical aroma and the bright red color of these product (Gössinger et al., 2009). 

Accordingly, the main factor to be considered choosing the raw material should 

be the maintenance of fresh-like appearance and organoleptic quality. Moreover, 

high flow behavior, and long shelf life is particularly important from a 

technological point of view. According to this direction, research is generally 

aimed to the selection of strawberry cultivar with the best color stability 

(expressed as low total color difference (∆E*), high total anthocyanin content) 

and high total phenolic content and antioxidant capacity and low polyphenol 

oxidase activity, in order to prevent browning. 

The main objective of this study was to survey strawberry cultivars grown in Italy 

for quality and technological attributes of fresh-blended puree in order to evaluate 
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the extent of variability for each attribute, define differences and common 

characteristics, and, possibly, identify those which are better suitable to be used 

as a raw material for fresh- blended puree production. 

Materials and methods 

Sample preparation 

Six strawberry cultivars (‘San Andreas’, ‘Sabrina’, ‘Candonga’, ‘Festival’, 

‘Fortuna’ and ‘Nabila’) grown in Basilicata region (South Italy) and harvested at 

commercial maturity (more than 75% showing red color) (Pelayo-ZaldÍVar et al., 

2005; Jouquand et al., 2008) were screened. After harvest, fruits were transported 

to the postharvest laboratory (University of Foggia) and stored at 5 °C overnight. 

Fruits free of physical defects, decay and with uniform color and size were 

visually selected, washed with tap water and manually dried with paper. After 

calyx removal, fruits were divided into halves. Subsequently, approximately 500 

g of fruit from each cultivar were homogenized using a high power blender 

(Bimby TM31, Vorwerk, Germany) at a speed of 4000 rpm for 90 s at 5 °C. 

Immediately after blending, physicochemical, organoleptic and nutritional 

attributes of puree samples were evaluated or frozen at – 80 °C until analysis. All 

samples were processed and analyzed in triplicate. 

Colour measurements 

A spectrophotometer (CM-2600d Konica Minolta, Japan) was used to measure 

fruit color on the base of 10 fruits per replicate, and of fruit puree sampled on a 

Petri dish upon blending and after 1 and 7 hours at room temperature (RT), 
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obtaining L*, a* and b* values. Moreover, Chroma (C*) and hue angle (h°) 

parameters were calculated using equations 1 and 2, respectively. In addition, 

total color differences (∆E*) of purees was calculated after 1 and 7 h after in 

reference to the initial values (equation 3) as described in Ayala-Zavala et al. 

(2004): 

C ∗= [(a ∗)2 + (b ∗)2]1/2     (1) 

h° = arctan (b ∗
a ∗⁄ )      (2) 

∆E ∗= [(∆L ∗)2 + (∆a ∗)2 + (∆b ∗)2]1/2   (3) 

According to Ayala-Zavala et al. (2004) the total color difference or ΔE* value 

is the change between the initial and final measure and it is estimated as not 

noticeable (0–0.5), slightly noticeable (0.5–1.5), noticeable (1.5–3.0), well 

visible (3.0–6.0) and great (6.0–12.0 ). 

Puree viscosity 

The viscosity of strawberry puree was determined using a Bostwick 

Consistometer (43100 Ing.Rossi & Catelli; Parma,Italy). Samples (about 50 g of 

puree) at 20 °C were placed in the tray closed by a bulkhead with care. After 

releasing the bulkhead by means of click system, the travel of the sliding of the 

sample in 30 s was recorded. Final results were expressed in cm * 30 s-1 as 

reported by Colantuono et al. (2015). 

Sensory Analysis 

Sensory analysis was carried out using a 7-member laboratory panel trained and 

familiar with the characteristics of the fruit. Panelists were asked to rate puree 
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samples for color intensity, aroma, sweetness, acidity, homogeneity, off-flavor 

and overall acceptance scores on a 5-point hedonic scale (1= minimum; 5= 

maximum) values. The samples were coded with random three-digit numbers in 

identical plastic cups and order of presentation to each panelist was randomized. 

Total soluble solids content pH, titratable acidity  

Total soluble solids (TSS) was obtained by measuring the refractive index of 

strawberry juice using a digital refractometer (Atago RX-7000cx; Atago Co. Ltd., 

Japan) at 25 °C. Two grams of juice were used for titratable acidity (TA) 

potentiometric titration (TitroMatic CRISON 1S; Crison Instrument, Barcelona, 

Spain) against 0.1 N (Sodium hydroxide; NaOH) up to pH 8.20. TA was 

expressed as g of citric acid equivalent per 100 g fresh weight (g citric acid 100 

mL-1 FW). as described in Mahmood et al. (2012). The pH value was measured 

by a calibrated pH-meter (pH 4, pH 7) and TSS: TA ratio was calculated by 

dividing TSS values by the TA values. 

Simultaneous analysis of sugars and organic acids 

Sugars and organic acids were extracted by homogenizing 5 g of strawberry 

purees with 10 mL of ultrapure water. The homogenate was centrifuged at 9000 

rpm for 10 minutes at 5 °C. The supernatant was filtered with a C 18 Sep-Pak 

cartridge (Grace Pure TM, New York, USA) and with a 0.2 µm filter (INCOFAR, 

Modena, Italy). All extracts were performed in triplicate samples. Organic acids 

and sugars were identified using as described by Mena et al. (2011). Samples 

were diluted with ultrapure water (1:1) and were injected (10 µL) into HPLC 
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system (Agilent 1200 series) equipped with an UV detector, set at 210 nm, 

coupled with a refractive index detector. Peak separation was achieved on a 

Rezex ROA-Organic Acid H+(8%) column (300 × 7.80 mm) (Phenomenex, 

Torrance, USA), using a mobile phase of acidified water (phosphoric acid (0.1%) 

with a flow rate of 0.5 mL min-1 and an oven temperature of 30 °C. The different 

organic acids and sugars were characterized and quantified by chromatographic 

comparison with analytical standards. Resulted were expressed as mg 100 g-1 

FW. 

Vitamin C, total phenolic, total anthocyanin content and antioxidant capacity 

evaluation 

To measure vitamin C content, 5 grams of strawberry purees were mixed with 10 

mL of Methanol- water (5:95; v/v), plus citric acid (21 g L-1), EDTA (0.5 g L-1) 

NaF (0.168 g L-1). After one minute, the extract was filtered through cheesecloth 

and the pH was adjusted to 2.2 – 2.4 by addition of 6 mol L-1 HCl. After that the 

homogenate was centrifuged at 10000 rpm for 5 min. Supernatant was taken and 

filtered through a C18 Sep-Pak cartridge (Waters, Milford, MA, USA) and then 

through a 0.2 µm cellulose acetate filter. L-ascorbic acid (AA) and L-

dehydroascorbic acid (DHA) contents were determined as reported in Zapata and 

Dufour (1992) with slight modifications. The HPLC analysis was achieved after 

derivatization of DHA into the fluorophore 3-(1, 2-dihydroxyethyl) furol [3, 4-b] 

quinoxaline-1-one (DFQ) with 1, 2-phenylenediamine dihydrochloride (OPDA). 

Samples of 20 µL were analysed with an HPLC (Agilent Technologies 1200 
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Series; Agilent, Waldbronn, Germany) equipped with a DAD detector and a 

binary pump. Separations of DFQ and AA were achieved on a Zorbax Eclipse 

XDB- C18 column (150 mm × 4.6 mm; 5 µm particle size; Agilent Technologies, 

Santa Clara, CA, USA). The mobile phase was MeOH/H2O (5: 95 v/v) containing 

5 mmol L-1  cetrimide and 50 mmol L potassium dihydrogen phosphate at pH 4.5. 

The flow rate was 1 mL min-1. The detector wavelengths were 348 nm for DHA 

and 251 nm for AA. AA and DHA contents were expressed as mg of L-ascorbic 

or L-dehydroascorbic acid per 100 g of fresh weight (mg 100 g-1 FW). 

Total phenolic content (TPC) was analyzed by using the Folin–Ciocalteau as the 

method reported by Singleton and Rossi (1965). The extract was prepared by 

adding 10 mL of Methanol: water (80:20 v/v) solution containing 2 mM (84 mg 

L-1) of Sodium fluoride (NaF) to 5 grams of puree (Singleton and Rossi, 1965a). 

Extracts were then centrifuged at 5 °C and 9000 rpm for 10 min. 100 µL of extract 

was mixed with 1.58 mL of distilled water, 100 µL of Folin-Ciocalteau reagent 

and 300 µL of sodium carbonate solution (200 g L-1). Then samples were left at 

room temperature for 2 h in dark. The absorbance was read at 725 nm against a 

blank (using a spectrometer (UV-1700 Shimadzu, Jiangsu, China). TPC was 

calculated based on the calibration curve of gallic acid and results were expressed 

as milligram gallic acid equivalents per 100 g fresh weight (mg GAE 100 g-1 

FW). 

For total anthocyanin content (TAC), one gram of strawberry puree was mixed 

with 20 mL of extraction solution (methanol in 1% hydrochloric acid; HCl-
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MeOH mixture) and homogenized for 20 s using Ultraturrax (IKA T18 basic, 

Wilmington, NC, USA). The homogenate was then centrifuged for at 4 °C at 

2000 rpm, 15 min. Then 700 µL of supernatant plus 300 µL of 1% HCl-MeOH 

solution was put in cuvettes and total anthocyanin was read immediately in 

spectrophotometer at 510 nm as described by Cordenunsi et al. (2002). Results 

were expressed mg of pelargonidin-3-glucoside equivalents per 100 g of fresh 

weight (mg PG-3 glu 100 g -1 FW).  

Antioxidant capacity assay (AC) was performed according to Brand-Williams et 

al. (1995), using the same extract obtained for TPC. A sample of 50 µL was 

pipetted into 950 µL of DPPH (2, 2-Diphenylpicrylhydrazyl) solution and 

absorbance was read after 24 h at 515 nm. Trolox (6-Hydroxy-2, 5, 7, 8-

tetramethlychromane-2-carbxylic acid) was used as a standard and results were 

expressed in milligrams of Trolox equivalents per 100 g of fresh weight (mg TE 

100 g-1 FW). 

Polyphenol oxidase (PPO) activity 

The extraction and assay of PPO was carried according to Terefe et al. (2010), 

with modifications. Five grams of strawberry samples and 10 mL of ice-cold 

extraction solution (0.2 M sodium phosphate buffer (pH=6.5) consisting 4% 

(w/v) polyvinylpolypyrrolidone (PVPP) were homogenized for 1 min. After 

centrifugation at 12,000 ×g for 30 min at 4 °C, the supernatant was used as the 

crude enzyme extract for the PPO assay. The reaction mixture contained 0.5 ml 

of extract, and 1.5 ml of a substrate solution 0.07 M catechol (Sigma-Aldrich, 
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Italy) as the substrate added to 0.05 M of a sodium phosphate buffer (pH=6.5) 

solution. The blank was prepared in the same way except that 0.2 M phosphate 

buffer (pH=6.5) was used instead of the crude enzyme extract. The absorbance 

of the assay mixture was monitored at 400 nm at 25 °C for 2 min using a UV–

visible spectrophotometer (UV-1700 Pharma spec, Shimadzu, Japan) in a kinetic 

mode according to Terefe et al. (2010). The activity of the enzyme was expressed 

as the change of absorbance per min per gram of fresh weight of sample (nmol 

min−1 g−1 FW).  

Statistical analysis 

Data were subjected to one-way analysis of variance (ANOVA) and significant 

differences between means were separated by Tukey’s test at P<0.05 (95% 

confidence level). Moreover, multivariate analyses such as principal component 

analysis (PCA) and linear correlation coefficients (r) between certain pairs of 

parameters where also applied to measure and further explain the data variability. 

Biplot technique was used to display the relative positioning of quality attributes 

of the first two PCs. All statistical analyses were performed with Stat Graphics 

Centurion XVI.I (Stat Point Technologies, Inc., Warrenton, VA USA) software. 

Results and discussion 

Influence of cultivar on strawberry purees quality attributes  

Color paramenters  

Color is one of the most important quality attribute of strawberries and colour 

retention during processing or storage is a determinant parameter to be considered 
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in fresh strawberry puree production. The instrumentally evaluated colour 

attributes of whole strawberry fruits of 6 cultivars and fresh-blended purees 

obtained from them are reported in Tables 2.1 and 2.2. The colour attributes of 

fruit surface varied significantly among the cultivars. The average L* values 

ranged from 34.4 (‘Festival’) to 38.9 (‘Nabila’). Significantly lighter red fruit 

surface (higher L* values) were observed in ‘Nabila’ and ‘Candonga’ fruits 

compared to other cultivars. This was partly expressed by the highest a* value of 

‘Nabila’, ‘Sabrina’ and ‘Candonga’ compared with ‘Fortuna’, ‘San Andreas’ and 

‘Festival’. Significantly higher b* values were recorded for ‘Nabila’ and 

‘Candonga’ strawberries compared to the other cultivars although the b* values 

in ‘Candonga’ and ‘Sabrina’ were not significantly different. Regarding to the 

Chroma (C*), ‘Nabila’, Sabrina’ and ‘Candonga’ fruits showed significantly 

higher C* values compared to the others. Cultivars ‘Festival’ and ‘San Andreas’, 

which had among the lowest L*, a*,b* and Chroma values, also showed the 

highest hue angle (h°) values compared to other cultivars (Table 2.1). The 

significant variability in the colour parameters can be attributes to several factors 

including including maturity stage, genotype and cultivar (Wang and Camp, 

2000).  

For puree production, colour attributes just after blending is also important in 

order to select suitable raw material. Table 2.2 shows the initial colour attributes 

of the 6 fresh-blended purees. Also in this case L* value varied significantly 

among cultivars. ‘Sabrina’ had the lightest colour compared to other cultivars 
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except ‘Candonga’ which was also not different from ‘Nabila’. The average L* 

values ranged from 37.6 in ‘Fortuna’ to 44.5 in ‘Sabrina’. ‘Fortuna’ had 

significantly higher L* values compared to ‘Festival’ and ‘San Andreas’ which 

presented a darker colour. The a* values (redness) of purees varied from 20.4 in 

‘Nabila’ to 30.2 in ‘San Andreas’. However, the a* values of ‘San Andreas’, 

‘Sabrina’ and ‘Candonga’ were not statistically different among each other 

although these values were significantly higher than in ‘Nabila’puree which had 

the lowest a* value. There was no significant difference among the a* values of 

fresh-blended purees from ‘Nabila’, ‘Fortuna’ and ‘Festival’. The purees 

yellowness expressed as b* value varied from the highest in ‘Candonga’ and 

‘Sabrina’ (10.6 and 9.0) to the lowest in ‘Nabila’ and ‘Festival’ (3.8). These 

values however, were not statistically different comparing with the b* values of 

‘San Andreas’ and ‘Fortuna’. The Chroma values of the purees were significantly 

different among the cultivars. ’Candonga’, ‘San Andreas’, and ‘Sabrina’ had 

significantly higher values compared to ‘Nabila’ which was not different from 

‘Fortuna’ and ‘Festival’. Also Hue angle (h°) values were found to differ 

significantly from the highest (81.7) in ‘Festival’ and ‘ Nabila’ (80.0) to the 

lowest in ‘Candonga’. Morever ‘Fortuna’ was found to be different from 

‘Candonga’ but not with the others (Table 2).  

The color of whole fruits were not clearly correspondent to the respective fresh-

blended purees. It was observed that the surface and inner part of fruits did not 

have the same colour intensity, giving them a different appearance after blending. 
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A more red fruits may possibilty have less red flesh color or vice versa. In 

addition, the presence of achenes (seeds) (number, color and morphology) on the 

surface may influence peel color, and then this effect could be not observed in 

the purees when the seeds are dispersed. According to Cordenunsi et al. (2002), 

the strongly colored inner parts of ‘Mezi’ strawberries give them a more 

homogeneous appearance. In contrast, in ‘Campineiro’ fruits anthocyanins were 

predominantly distributed on the surface, resulting in fruits slightly coloured red 

in the surface and pink to white in the inner parts.  

In spite of the variability among cultivars, color retention of the product during a 

given storage time is a valuable parameter in order to evaluate cultivar(s) 

suitability for puree production. Total colour differences (ΔE*) would provide 

further information on how far these color characteristics are maintained during 

short-time handling. Therefore, the ΔE* values of the fresh-blended purees 

obtained from the 6 cultivars at 1 and 7 h after blending at room temperature were 

calculated and they are reported in Figure 2.1. Just 1 h after blending, the ΔE* 

was already well visible (∆E*>3.0) in all cultivars except ‘Festival’ which was 

just slightly noticeable with a ∆E*equal to 1.8. Total color variation of ‘Festival’ 

followed by ‘San Andreas’ were instead not noticeable. After 7 h at RT, this total 

color variation was well-visible in the purees from ‘Candonga’, ‘Fortuna’ and 

Nabila’ while for ‘San Andreas’ and ‘Festival’ was still slightly noticeable. 

Therefore, low total color difference, is one of most desirable characteristics of 

fresh purees that indicates the relative better color retention. As already 
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mentioned this quality attribute was clearly seen in ‘Festival’ (Fig.1) and can be 

an important criterion for selecting it as suitable cultivar for puree production. 

 

Table 2.1 Color attributes of whole strawberry fruits of six cultivars. Mean 

values, n=10; values in the same row with different letters are significantly 

different (P<0.05) by Tukey’s test. 

 

Attribute 

Strawberry cultivar  

San Andreas Sabrina Candonga Festival Fortuna Nabila 

L* 35.0 b 34.7 b 37.6 a 34.4 b 35.7 b 38.9 a 

a* 28.5 b 31.5 ab 31.1 ab 24.0 c 29.3 b 32.2 a 

b* 5.3 de 7.7 bc 8.9 ab 4.4  e 6.4 cd 10.4 a 

Chroma (C*) 29.1  c 32.5 ab 32.5ab 24.5 d 30.1 bc 33.9 a 

Hue angle (h°) 79.7 a 76.5 c 74.4 d 80.3 a 78.1 b 72.5 e 

 

Table 2.2 Initial color attributes and Bostwick viscosity of freshly blended purees 

obtained from six strawberry cultivars. Mean values, n=3; values in the same row 

with different letters are significantly different (P < 0.05) by Tukey's test. 

 

 

Attribute 
Strawberry cultivar 

San Andreas Sabrina Candonga Festival Fortuna Nabila 

L* 34.0 d 44.5 a 43.1 ab 32.2 d 37.6 c 41.3 b 

a* 30.2 a 27.6 a 28.8 a 25.9 ab 25.5 ab 20.4 b 

b* 8.0 ab 9.0 a 10.6 a 3.8 b 6.3 ab 3.8 b 

Chroma (C*) 31.2 a 29.1 a 30.7 a 26.2 ab 26.4 ab 20.8 b 

Hue angle (h°) 75.1 abc 72.4 bc 69.7 c 81.7 a 77.2 ab 80.0 a 

Viscosity (cm *30 

s-1) 
8.0 a 8.0 a 6.8 b 7.7 ab 6.7 c 7.7 ab 
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Figure 2.1 Total color difference (ΔE*) of purees obtained from six strawberry 

cultivars after 1 and 7 h of storage at room temperature; mean values and 

standard deviation (n =3). Different uppercase letters indicate statistically 

significant differences among cultivars and lowercase letters between storage 

time (P<0.05) Tukey’s test. 

 

Summarizing, results of color parameters showed that ‘Festival’ had the highest 

hue angle, both as a fruit and as a fresh-blended puree, with a low value of L* 

and low saturation, which indicated a paler shade of red, compared to other 

cultivars. In addition, the lowest ΔE* values in ‘Festival’ revealed a better color 

retention compared among the cultivars. 

’Festival’ puree showed in fact the lowest total color variation both after 1 and 

after 7 hours and the highest content of anthocyanins (as described further below). 

The higher TAC in this cultivar could be significantly related to the less 

noticeable color changes during the first 7 h at room temperature. Moreover, the 

slighter color variation during time was also confirmed by the sensory results 

where color intensity of ‘Festival’ puree was significantly higher. The higher 
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anthocyanin content indicates a greater color intensity of the product, that will 

make any change of color less apparent (Bursac Kovacevic et al., 2015). Ahmed 

et al. (2004) reported a similar linear relationship between color and anthocyanin 

contents in plum puree. Similarly, Cao et al. (2012) found  that ΔE* values 

showed a negative correlation with anthocyanin and ascorbic acid contents in 

cloudy and clear strawberry juices. Therefore, the stability of both anthocyanins 

and ascorbic acid may influence the total color difference.   

The viscosity of fresh strawberry purees as measured by Bostwick consistometer 

is shown in Table 2.1 The flow of fresh strawberry purees were found to range 

from 6.7 to 8.0 cm* 30 s -1. The lowest and highest values were observed in 

‘Fortuna’ and ‘San Andreas’ and ‘Sabrina’, respectively. Viscosity for 

‘Candonga’ resulted to be significantly lower than ’San Andreas’ and ‘Sabrina’. 

These results showed significant fluctuation among the cultivars. Viscosity varies 

depending on cultivar, maturity at the time of processing, heat, presence of 

enzymes like pectin methyl esterase (PME) and polygalacturonase (PG) in the 

raw material (Tiziani and Vodovotz, 2005; Aguiló-Aguayo et al., 2009). In 

general, this parameter can be affected by TSS, pectin and apparatus 

characteristics during storage. Both chemical and enzyme-catalyzed reactions can 

occur during storage and modify the pectin characteristics affecting therefore 

viscosity (Bermejo-Prada et al., 2015). As result, the viscosity decay can occur 

quickly. Consequently, preservation of viscosity at more or less similar values of 

the freshly blended product is important.  
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Influence of cultivar on sensory and chemical quality attributes 

Sensory and chemical attributes mainly affect quality of fruits and vegetables-

based products. Results of sensory evaluation of fresh strawberry purees are 

shown in Table 2.3. As also seen from instrumental determination, colour 

variation within cultivars was also appreciated by sensorial scores. The colour 

intensity score of puree from ‘Fortuna’ strawberries was significantly lower than 

for other cultivars while the highest values were perceived in purees from 

’Festival’ and ‘San Andreas’. No significant differences were perceived for other 

considered sensorial attributes. Panelists score for colour, aroma, homogenity, 

acidity and overall acceptance for all the studied cultivars were higher than 3 

(limit of usability). Sweetness scores were lower than 3, with ‘Festival’ slightly 

sweeter than others although these differences were not significant, due to the 

high variability of the value among the panelists. The overall acceptance scores 

of purees ranged from good to excellent. Despite the low sweetness all samples 

were rated with high values (>4). Not only the good color of the purees influenced 

the high acceptance rates but may be the good balances of sweetness and acidity. 

Nonetheless, many of these sensory parameters can be influenced by the chemical 

composition. 
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Table 2.3 Sensorial attributes of fresh strawberry purees of six cultivars: n=21 (7 

panelists and 3 replicates); scale 1= minimum and 5 =maximum score values. 

Mean values in the same rows with different lowercase letters are significantly 

different (P< 0.05) by Tukey’s test; ns = no significance. 

 

Sensory attributes 

Strawberry cultivar 

San Andreas 
Sabrin

a 

Candong

a 

Festiva

l 

Fortun

a 

Nabil

a 

Color intensity 4.7 a 3.9 ab 3.9 ab 4.9 a 3.7 b 4.2 ab 

Aroma 3.9 ns 4.3 ns 3.9 ns 4.4 ns 4.1 ns 4.4 ns 

Sweetness 2.1 ns 2.3 ns 2.1 ns 2.6 ns 2.4 ns 2.4 ns 

Acidity 3.3 ns 3.4 ns 3.7 ns 3.4 ns 3.2 ns 3.6 ns 

Homogeneity 2.9 ns 3.3 ns 3.6 ns 3.8 ns 3.6 ns 3.4 ns 

Off-flavor 1.3 ns 1.0 ns 1.0 ns 1.0 ns 1.0 ns 1.1 ns 

Overall acceptance 5.0 ns 4.5 ns 4.6 ns 4.9 ns 4.4 ns 4.7 ns 
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Table 2.4 Chemical attributes of fresh strawberry purees from six cultivars. 

Mean values in the same rows with different lowercase letters are significantly 

different (P < 0.05) by Tukey’s test; ns = no significance). 

 

San Andreas Sabrina Candonga Festival Fortuna Nabila

Total soluble solids  (TSS) (°Brix) 7.8 b 9.4 a 9.1 a 8.1 b 7.6 b 8.0 b

pH value 3.5 b 3.6 b 3.7 b 3.9 a 3.8 ab 3.7 b

Titratable acidity (TA) (g citric acid 100 mL
-1

 juice) 0.8 a 0.6 b 0.8 a 0.7  ab 0.4 c 0.5 c

TSS/TA ratio 9.8 c 15.7 ab 11.4 bc 11.6 bc 19.0 a 16.0 ab

Sucrose (mg 100 g 
-1

 FW) 1168.1 a 1205.7 a 1025.1 ab 763.1 b 900.7 ab 1080.9 a

Glucose (mg 100 g 
-1

 FW) 1316.4 ns 1390.7 ns 1509.1 ns 1392.7 ns 1184.6 ns 1520.6 ns

Fructose (mg 100 g 
-1

 FW) 170.1 ab 200.6 a 187.4 ab 192.8 ab 161.9 b 190.3 ab

Citric Acid  (mg 100 g 
-1

 FW) 302.2 ab 229.2 b 418.5 a 344.3 ab 381.3 a 285.8 ab

Tartaric acid (mg 100 g 
-1

 FW) 18.1 ns 13.7 ns 20.3 ns 20.7 ns 18.5 ns 19.9 ns

Malic acid (mg 100 g 
-1

 FW) 225.9 ns 227.6 ns 273.2 ns 258.5 ns 240.7 ns 263.9 ns

Succinic acid (mg 100 g 
-1

 FW) 13.6 b 11.2 b 22.4 ab 36.7 ab 48.8 a 35.7 ab

Fumaric acid (mg 100 g 
-1

 FW) 0.2 c 0.5 abc 0.5 abc 0.7 a 0.3 bc 0.6 ab

Ascorbic acid (mg 100 g
-1

 FW) 23.6 ns 22.4 ns 23.2 ns 20.6 ns 18.6 ns 21.8 ns

Dehydroascorbic acid (mg 100 g
-1

 FW ) 2.8 ns 2.4 ns 3.4 ns 2.7 ns 1.9 ns 2.8 ns

Total Vitamin C (mg 100 g-1 FW) 26.3 ns 24.8 ns 26.5 ns 23.3 ns 20.5 ns 24.6 ns

Total phenolic content (mg GEA 100 g
-1

 FW) 161.8 b 130.4 b 190.6 a 163.3 b 130.1 b 147.1 ab

Total anthocyanin content (mg PG-3-glu 100 g 
-1

 FW) 38.0 b 33.2 b 25.0 c 45.4 a 24.4 c 16.6 c

Antioxidant capacity (mg TE 100 g
-1

 FW) 301.2 b 290.3 b 395.5 a 324.4 ab 289.0 b 299.9 b

Chemical Attribute

Strawberry cultivar
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The results of the chemical analysis on fresh strawberry purees are shown in 

Table 2.4. Significant variability of chemical attributes was observed on most of 

the parameters.  

Total soluble solids, titratable acidity and the ratio of TSS/TA are important 

factors for evaluating the quality of strawberry cultivars (Kafkas et al., 2007). 

The TSS content of ‘Sabrina’ and ‘Candonga’ were significantly higher than in 

other cultivars. Mean values ranged from 7.6 to 9.4 °Brix in ‘Fortuna’ and 

‘Sabrina’, respectively. The pH of the purees did not present high variability, 

ranging from 3.5 for ‘San Andreas’ to 3.9 for ‘Festival’, the latter presenting the 

highest value significantly different from all other varieties with the exception of 

‘Fortuna’. Despite the low values of pH, titratable acidity (TA) resulted very low 

for all cultivars ranging from 0.4 to 0.8, with ‘Candonga’ presenting almost 2 

times the TA if compared with ‘Fortuna’. This was also confirmed by sensorial 

analysis that showed a difference, although not statistically significant, between 

the acidity of these cultivars (3.7 and 3.2 for ‘Candonga’ and ‘Fortuna’, 

respectively). On the contrary, sensory results about sweetness were not 

supported by instrumental data, with ‘Festival’ showing the highest value and 

‘Sabrina and Candonga’ the lowest. However, also in this case, no significant 

differences were observed in panelists evaluation. The relationship between pH 

and TA did not result very consistent, with cultivars presenting the highest pH 

value also presenting among the highest TA (i.e. of cultivar ‘Festival’). The 

maturity index or index of palatability (expressed by the TSS/ TA ratio), may 
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further explain the relationship of TSS and TA contents. The lowest and highest 

ratios were found to be 19.0 (‘Fortuna’) and 9.8 (‘San Andreas’). Also organic 

acids were instrumentally evaluated, main organic acids in strawberry-based 

purees were citric and malic, while tartaric, succinic, ascorbic, and fumaric were 

contained in lower amounts. Purees from ‘Candonga’ followed by ‘Fortuna’ were 

found to be significantly higher in citric acid than that from ‘Sabrina’, the latter 

showing the lowest content. Tartaric and malic acids were not statistically 

different among cultivars while succinic acid was significantly higher in 

‘Fortuna’ (48.8 mg 100 g-1 FW) compared to ‘San Andreas’ and ‘Sabrina’ (13.6 

and 11.2 mg 100 g-1 FW, respectively), the latter presenting less than one fourth 

the content of ‘Fortuna’. Also content in fumaric acid was highly variable within 

the cultivars with ‘Festival’ showing more than 3 times the content found in ‘San 

Andreas’ (Table 2.4). As can be observed cultivar ‘Fortuna’ showed high content 

of organic acids, and simultaneously the lowest levels of vitamin C but also had 

the highest TSS/TA ratio. This may well explain the lowest sensory acidity if 

compared with the other cultivars, showing therefore a more balanced flavor. In 

fact, ripe strawberry flavor is expressed by the right sugar-acid balances (Pineli 

et al., 2011), but the accumulation of soluble sugars and organic acids and is 

strongly dependent on genotypes (Kafkas et al., 2007).  

Glucose, fructose and sucrose are by far the most abundant soluble components 

in strawberries (Gündüz and Özdemir, 2014). As it is shown in Table 2.4, sucrose 

and fructose were found to significantly differ among cultivars. The highest 
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sucrose content was found in ‘San Andreas’, ‘Sabrina’ and ‘Nabila’ (1205.7, 

1168.1 and 1080.9 mg 100 g-1 FW, respectively) if compared with ‘Festival’ 

(763.1), while ‘Candonga’ (1025.1 mg 100 g-1 FW) was in the middle. Glucose 

content was relatively higher than sucrose for all cultivars although differences 

within cultivars were not significant. Fructose content in ‘Sabrina’ (200.6 mg 100 

g-1 FW) was significantly higher than in ‘Fortuna’ (161.9 mg 100 g-1 FW), while 

the other cultivars content was in between, and did not show significant 

differences. This information also confirmed the results concerning total soluble 

solids: for this parameter in fact ‘Sabrina’ and ‘Candonga’ showed the highest 

content, while ‘Fortuna’ puree had lower soluble solids content (Table 2.4), so it 

is possible to state that high TSS values were mainly due to a high sugars content 

(especially sucrose and fructose). 

Vitamin C, total phenolic, total anthocyanin content and antioxidant capacity 

Strawberry, together with other berries, represents one of the most important 

sources of bioactive compounds with antioxidant activity, being the richest 

sources of natural antioxidants among fruit (Cordenunsi et al., 2002). Genetic 

background plays an important role on the chemical antioxidant profile of 

strawberries as reported by Tulipani et al. (2008). The antioxidant properties of 

strawberry fruits are related to the high content of L-ascorbic acid (vitamin C), 

anthocyanins and phenolic compounds (Erkan et al., 2008; Pineli et al., 2011; 

Álvarez-Fernández et al., 2014), which have been medically recognized as 

having positive influences on protecting against the risk of many diseases (Zhu 
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et al., 2013; Giampieri et al., 2014). As Table 4 indicates, the ascorbic acid, 

dehydroascobic acid and total vitamin C content (AA +DHA) were not 

significantly different among the studied cultivars. The average total vitamin C 

content was about 23.7 mg 100 g-1 FW with AA content of 21.0 mg 100 g-1 FW 

and DHA content of 2.7 mg 100 g-1 FW. The highest and lowest values of total 

vitamin C were found in ‘Candonga’ and ‘Fortuna’ respectively although this 

difference was not statistically significant. These findings were in accordance 

with the recent report by Šamec et al. (2016) that the average to total vitamin C 

value was not significantly different among cultivars. In general there is a high 

variability in vitamin C content among strawberry cultivars from Italy ranging 

from 23.0 to 47.0 mg 100 g -1 FW (Tulipani et al., 2008). On the other hand, 

Cordenunsi et al. (2002); Tulipani et al. (2008) reported a strong variability in 

vitamin C content among nine strawberry genotypes, a 2-fold difference was 

found. This could be mainly attributed to the sample preparation and storage. 

According to Cordenunsi et al. (2005), vitamin C content at harvest time and its 

changes during storage seem to be dependent on cultivar, besides cultural 

practices, light intensity, and climatic conditions.  

Strawberries are also a good source of phenolic compounds, of which 

anthocyanins are the most abundant fraction that are responsible for the red colour 

of strawberries fruit (Aaby et al., 2012)..  

Total anthocyanin content (TAC) was highly variable and significantly different 

(P<0.05) among the studied cultivars. The highest and lowest TAC were in 



 

69 

 

‘Festival’ and in ’Nabila’ with 45.4 and 16.6 mg PG-3-glu 100 g-1 FW, 

respectively. With ‘San Andreas’ and ‘Sabrina’ showing an intermediate pattern 

(Table 2.4). Cordenunsi et al. (2002) also reported that TAC ranged greatly 

among cultivars, from 13.0 mg 100 g-1 FW in ‘Campineiro’ to 55.0 in ‘Mazi’. 

Anthocyanin content is affected by many factors such as strawberry cultivar, 

postharvest performance, cultivation practice and processing (Cordenunsi et al., 

2002; Fernandes et al., 2012; Pincemail et al., 2012). Major anthocyanin content 

detected in ‘Festival’ partially explained its observed lowest total color variation 

of this sample.  

The phenolic content of strawberries is highly variable mainly due to cultivar 

differences (Pineli et al., 2011; Aaby et al., 2012; Vandendriessche et al., 2013). 

In the present study, there was a significant variability (P<0.05) among the 

cultivars. Total phenolic content (TPC) in ’Candonga’ was significantly higher 

than in all other cultivars except ‘Nabila’. The TPC of the studied cultivars ranged 

from 130.1 in ’Fortuna’ to 190.6 mg GAE 100 g-1 FW in ‘Candonga’ (Table 2.4). 

As shown in Table 2.4, also antioxidant capacity (AC) was significantly different 

(P<0.05) among the studied cultivars. The highest AC was found in ‘Candonga’ 

which was significantly different from all other cultivars, with the exception of 

’Festival’, which showed an intermediate behaviour. As will be described in the 

last section of the present work, TPC resulted to be highly related to AC, the first 

strongly contributing to the antioxidant properties of the product. 

PPO activity 
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The PPO activity of fresh strawberry purees from the six studied cultivars is 

shown in Figure 2.2. It was relatively low and significantly variable (P<0.05) 

among cultivars. The highest PPO activity was found in ‘Candonga’ with 2.0 

nmol min−1 g−1 FW while the lowest was found in ‘Nabila’ with 1.0 nmol min−1 

g−1 FW. The PPO activity of ‘Candonga’ was significantly higher than all 

cultivars with exception of ‘Sabrina’. Moreover, no statistically significant 

difference in PPO activities were observed among the purees from ‘Festival’, 

‘San Andreas’, ‘Fortuna’ and ‘Nabila’. Because there is a direct relationship 

between enzymatic activity and color changes, the lower the activity the higher 

the color stability, which was observed in ‘Festival’. This cultivar showed very 

low PPO activity and, as expected, the lowest ΔE*. This result was similar to the 

values reported by Terefe et al. (2009) and sometimes can be as low as 0.1 (nmol 

min−1 FW) (Terefe et al., 2013) for ‘Festival’ strawberry purees. 
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Figure 2.2 PPO activity of fresh strawberry purees from six cultivars; mean 

value (n= 3) error bars=standard deviation. Different letters indicate significant 

difference among cultivars 

 

Principal component analysis and correlations  

Principal component analysis (PCA) is a widely used multivariate analytical 

statistical technique to explain differentiation between samples and to obtain 

more information on the variables that mainly influence the sample similarities 

and differences (Šamec et al., 2016). This procedure extracts the dominant 

patterns in the data matrix in terms of a complementary set of loading plots 

(Rodrı́guez-Delgado et al., 2002). PCA searches a linear combination of the 

studied variables in order to maximize the total variance explained. If the 

variables are highly correlated, they will be combined into a component that will 

explain the highest quantity of variance in the sample (observations) (Pineli et 

al., 2011).  
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Figure 2.3 indicates the PCA biplot related to quality attributes of freshly blended 

strawberry purees from six cultivars. The biplot demonstrates the relative position 

of the six considered cultivars between them and in comparison with the 

variables. Factors loading values are the correlations of each variable with the PC 

representing as vectors (positions) in the space resulted by the axes of the biplot 

graphic. For each cultivar the three points on the biplot represented a replicate. 

In the graphic, variables and cultivars that are close to each other, and in the same 

geometric plan of the biplot, are interrelated, and they are instead distant from 

variables and observations to which they are not related, or even negatively 

related. According to Pineli et al. (2011), the greater is the distances from the 

origin of the axis, the greater is the correlation of the variable with the PC 

represented in that dimension. Differences and common properties among the 

studied cultivars in relation to the variables can be presented. The first principal 

component (PC1) and the second (PC2) describe 36.4% and 23.7%, respectively 

and both explained approximately 60.1% of total data variability (Figure 2.3). 

TAC and ∆E* are positively and negatively associated to PC1 respectively. 

‘Festival’ followed by ‘San Andreas’, located at the positive top end of this PC, 

resulted to be correlated with high TAC and low ∆E* showing therefore better 

color retention. TPC, TA, AA, DHA, and AC and ‘Candonga’ followed by ‘San 

Andreas’ were correlated to positive right hand of PC1. In addition, TSS and PPO 

activity, and ‘Candonga’ and to some extent ‘Sabrina’ were correlated to the 

positive end of PC1 indicating that these cultivars were found to be related with 
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high values of these variables. Based on these positions, ‘Festival’, ‘San Andreas’ 

and Candonga’ were related to most of the preferable quantities of these quality 

variables. On the other hand, ‘Nabila ‘and ‘Sabrina’, being closer to the origin, 

were related to less preferable variables. ‘Fortuna’ was associated to the PC2 and 

not correlated to most of the preferable characteristics (Figure 3). Results of a 

linear correlation of some variables done (data not shown) showed significant 

correlation among the variables. There was a strong correlation of TPC with AC 

(r=0.80; P<0.001), considerable correlation with DHA (r=0.56; P<0.05) and TA 

(r=0.51; P<0.05) but weak correlation with TAC (r=0.37; P>0.05). In addition, 

there were moderate correlation between TA and AA (r=0.65; P< 0.05); while 

AC was also moderately correlated to DHA (r=48; P<0.05). The ∆E* was 

inversely correlated to the TAC (r=76; P≤0.001).  
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Figure 2.3 PCA biplot on certain quality attributes of freshly blended 

strawberry purees from six cultivars; (∆E*=Total color difference, TSS= Total 

soluble solids, TA= Titratable acidity, TPC= Total phenolic content, AC= 

Antioxidant capacity (DPPH), TAC= Total anthocyanin content, AA= Ascorbic 

acid, DHA=Dehydroascorbic acid and PPO= Polyphenol oxidase). 

 

In the present study, although no significant correlation was found between AA 

and TPC or AC, the DHA was moderately correlated with both TPC and AC 

which may indicate that DHA also contributed to the high antioxidant capacity 

of the fresh-blended purees. A positive correlation between antioxidant activity 

and total phenols and vitamin C was reported by (Cornacchia et al., 2011) 

approving both contribute to the AC in potato samples. The strong correlation 

found between TPC, and AC can be attributed to the fact that both assays rely on 

the same reaction mechanism. Pineli et al. (2011) found higher values of TPC in 

‘Osogrande’(290.9 mg GAE 100 g-1 FW) and ‘Camino Real’(174.4 mg GAE 100 

g -1 FW) strawberry cultivars at green, pink and ripe stages.The authours stated 
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that considerable positive correlation of TPC and anthocyanin content (66%) was 

observed among the cultivars. Pineli et al. (2011) reported a considerable positive 

correlation between TPC and AC. Weak correlation between TPC and AC was 

reported by Meyers et al. (2003). Although the potential interaction between 

phytochemicals was complex to explain, the weak or lack of correlations between 

TPC and AC could be partially related to the use of not well-characterized 

cultivars. It would be of interest to further explore in more detail the intercultivar 

differences in specific major and minor phenolic compounds (Meyers et al., 

2003). According to Cordenunsi et al. (2002), TAC is important not only for color 

or attractiveness but also as benefits to the consumer’s health contributing to the 

AC.  

In this work, although TAC was not significantly correlated to TPC, considerable 

positive correlation of TAC and AC was found. However, according to the 

findings by Meyers et al. (2003), anthocyanin was not correlated to antioxidant 

capacity even though the antioxidant properties of strawberry fruits are related to 

the high content of L-ascorbic acid (vitamin C), anthocyanins and phenolic 

compounds are reported by (Erkan et al., 2008; Pineli et al., 2011).  
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Conclusion 

 
Several factors can influence the nutritional and physicochemical composition of 

strawberries including genotype, maturity stage, harvest season, planting 

location, climatic factors, and plant management. Among these, cultivar is a 

major factor in determining fruit quality and suitability for a certain use 

(Sulaiman and Silva, 2013; Livinali et al., 2014). 

The present study investigated into the physical, chemical, sensory attributes and 

enzyme activity of six strawberry cultivars in order to possibly identify those 

which are better suitable to be used as a raw material for freshly blended puree 

production. Results revealed significant differences in most of the evaluated 

attributes although only few of them showed prominent variability providing 

further important information on the physical, chemical and sensory attributes of 

fresh strawberry purees.  

 

Color, viscosity, TSS, TA, pH and TSS: TA ratio, TPC, AC, TAC, fructose, 

sucrose, citric, succinic, fumaric acids and PPO activity were significantly 

variable among cultivars. Most of the sensory quality attributes except the color 

intensity were not significantly different among the cultivars. Moreover, total 

vitamin C (AA+DHA) of fresh-blended strawberry purees was not different 

among the cultivars.  
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According to these results, for fresh-blended strawberry puree production, 

’Festival’ followed by ‘San Andreas’ which had better color stability (lower ∆E*, 

higher TAC) and ’Candonga’ which had higher TPC and AC may be selected as 

among the suitable cultivars for this purpose. Further studies on processing and 

storage condition optimization are essential for quality puree production.  
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2.3 Effects of blending time and temperature on quality attributes of fresh 

strawberry purees 
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Abstract 

Optimum blending condition plays an important role in the quality of fresh-

blended purees. The effects of blending time and temperature on quality attributes 

of fresh strawberry puree were optimized in two independent trails - response 

surface method based on a central composite design (Trial I) and blending 

temperature (Trial II) experiments. For Trial I, ten different blending 

time/temperature experimental runs ranging from 5 to 140 s and from 0 to 21°C 

respectively were tested. For this purpose, fresh ‘Festival’ strawberries grown in 

Valenzano (BA) (South Italy) were harvested and transported to the Postharvest 

lab (University of Foggia) and held at 0, 3, 10, 18 and 21°C until they reached 

temperature. Fruits were blended using high power blender at 4000 rpm 

according to the designed runs. Physicochemical, organoleptic and nutritional 

quality attributes were evaluated as responses at the processing day (Day 0) and 

after 6 days at 5°C (Day 6). All data were fitted to the second-order (quadratic) 

regression equation. Analysis of variance was applied to determine significant 

differences. Standardized Pareto charts and estimated surface responses were 

used to identify the impact of variables on responses and optimize various 

mailto:giancarlo.colelli@unifg.it
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responses. Results showed that at day 0, blending time significantly affected L* 

and b* values, titratable acidity and succinic acid, whereas the temperature had 

significant influence on total anthocyanin content, sucrose, fructose, and malic 

acid. After 6 days, however, viscosity, total anthocyanin content, and 

dehydroascorbic acid were the only parameters found to be significantly affected 

by the blending conditions. Viscosity was affected by combined effects of 

blending time and temperature but not by the individual factors. High blending 

temperature (room temperature, 21°C) positively influenced the total 

anthocyanin content but had a negative effect on dehydroascorbic acid. The 

applied blending conditions did not have significant effects on the sensory 

attributes. Blending temperature was relevant in Trial I. Trial II was therefore 

aimed to better understand the effect of this factor on selected quality parameters 

during storage of fresh purees. Strawberries held at 5 or 21°C until they reached 

temperature were blended at 4000 rpm for 90 s and stored for 13 days at 5°C. 

About 250 g of purees were stored in glass bottles (250 ml) at 5°C. Color 

parameters (L*, a*, b* and ΔE*), vitamin C, total anthocyanin content and 

sensorial attributes were monitored after 0, 3, 8 and 13 days at 5°C.All data of 

Trial II were subjected to a two-way analysis of variance and Tukey’s test 

(P<0.05) was used to separate the means. After 3 days, samples blended at the 

lowest temperature showed significantly better color maintenance (lower ΔE*), 

aroma and overall acceptance. Also ascorbic acid content was stable. As for the 

highest blending temperature only total anthocyanins were benefited probably 
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due to the ease of extraction. In general, blending time less than 90 s and 

temperature below 10°C had no significant impact on several evaluated 

parameters and, specifically, 5 °C process was better than room temperature 

(21°C). Quality of the obtained purees were maintained for more than 8 days. 

Packaging condition improvement using different plastic films under active and 

or passive MAP should be considered for better quality preservation. 

Key words: Anthocyanin, aroma, central composite design, ‘Festival’, smoothies 

Introduction 

Strawberry (Fragaria x ananassa Duch) is a known non-climacteric fruit with an 

attractive color, flavor and aroma and a frequent consumption worldwide. 

Strawberry is a relevant source of bioactive compounds due to its high level of 

vitamin C and phenolics (Van De Velde et al., 2013). This high levels of bioactive 

compounds are essential for the nutritional and organoleptic qualities of fresh and 

minimally-processed products based on strawberry (Tulipani et al., 2008). The 

latter type of products has met increasing favor by consumers mainly because of 

the ease-of-use and lack of preparation time, and because of the high, fresh-like 

quality, which are main characteristics of these products. Among these, fresh-

squeezed or fresh-blended smoothies and purees are becoming more and more 

popular. In order to obtain good quality strawberry-based purees, the 

conventional thermal processing may not be suitable. Impactful treatments on 

soft fruits, such as berries can result in adverse loss of organoleptic and nutritional 

quality of the product. The color and flavor of strawberries significantly 
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deteriorate during thermal processing (Patras et al., 2009; Terefe et al., 2010). 

According to Patras et al. (2009), strawberry purees treated by conventional 

thermal processes showed an overall decrease of 22.6% in ascorbic acid content 

compared to the high pressure processed samples. Anthocyanin pigments also 

readily degrade during thermal processing with dramatic impact on the 

characteristic color of fruits. High temperature treatments impact on key quality 

parameters influencing consumer sensory acceptance and may also affect 

nutritional properties (Patras et al., 2010). This has led to the development of 

alternative non-thermal processing technologies to produce foods with a 

minimum of nutritional, physicochemical, or organoleptic changes induced by 

the technologies themselves (Oms-Oliu et al., 2012; Ubeda et al., 2014).  

The consumers demand for products that retain their original nutritional values, 

with minimum negative effects of processing, more natural, produced in an 

environmental-friendly way, with high quality, additive free, and with an 

extended shelf life. The current trend is rapidly shifting towards freshly 

squeezed/blended fruit juices and ready-to-eat or drink added-value products. 

Optimum blending condition remains to be an important need for such beneficial 

products. This work was aimed to evaluate the effects of blending time and 

temperature on quality attributes of fresh strawberry puree and determine optimal 

blending conditions for quality attributes of fresh strawberry puree from 

nutritional, organoleptic and technological points of view. 
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Materials and Methods 

TRIAL I 

Sample preparation and puree processing 

‘Festival’ strawberries (Fragaria x ananassa Duch.) were harvested at 

commercial maturity (about 75% showing red color) from Valenzano (BA) 

(Apulia Region; South Italy); transported to postharvest laboratory (University 

of Foggia). Fruit were divided into 4 groups (approximately 4 kg each) and held 

at 0, 3, 10, 18, and 21°C in order to reach the process temperature. Fruit were 

washed with tap water and dried on a paper towel. After calyx removal, fruit were 

divided into halves; subsequently, approximately 500 g of fruit were 

homogenized using a high power blender (Bimby TM31, Vorwerk, Germany) at 

a speed of 4000rpm at different blending conditions (blending time and 

temperature combinations). Immediately after blending (Day 0) and after 6 days 

at 5°C (Day 6), physicochemical, organoleptic and nutritional attributes of puree 

samples were evaluated. Each treatment was considered as single run. 

Experimental design  

A response surface methodology (RSM) based on a central composite design 

(CCD) was applied to optimize blending conditions (time and temperature) of 

fresh strawberry purees. RSM allows understanding the interaction among factors 

as well as optimizing the factors that may influence the process outcomes (Baş 

and Boyacı, 2007; Bezerra et al., 2008). It includes four major steps: experimental 

design, model fitting, model validation and condition optimization (Khuri, 2006; 

Dubrovi et al., 2011).  
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Whereas, CCD optimizes the process, and reduces cost and time required for 

experimentation by decreasing the number of experiments to be performed in 

laboratory (Kiran et al., 2016). CCD consists of three types of points: cube points 

that come from factorial design, axial points and center points. The range and 

central point values of two independent variables i.e. blending time and 

temperature are shown in Table 3.2. A factorial design (22 + star) approach 

consisting of 10 experimental runs was employed (Table 3.3). Moreover, the 

methodology requires that experiments outside the experimental range previously 

defined should be performed to allow the prediction of the response functions 

outside the cubic domain (denoted as ± α =1.414; Table 3.2) as reported by 

Torrades and García-Montaño (2014). Second-order polynomial equation was 

used to express the dependent variables as a function of the independent 

variables. The response functions (y) were partitioned in linear, quadratic, and 

interaction components, and the data were fitted to the second-order (quadratic) 

regression equation (1). 

𝑌 =  𝛽0 ∑ 𝛽𝑖
2
𝑖=1 𝑋𝑖+∑ 𝛽𝑖𝑖

2
𝑖=1 𝑋𝑖

2+∑ 𝛽𝑖𝑗
2
𝑖≠𝑗=1 𝑋𝑖𝑋𝑗    (1) 

In this equation, Greek letters betas (β) are the coefficients determined 

experimentally, Y is the dependent variable and refers to the predicted response, 

β0 is the intercept; βi, βii, and βij are the linear, quadratic and interaction 

coefficients of the model respectively, Xi and Xj are the independent variables, 

and i and j are the indices of the factors. The operating variables were considered 

at three levels, namely low (–1), central (0) and high (1). 
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Table 3.2 Independent values and their levels used for central composite design 

for fresh-blend Festival’ strawberry puree of two factors (blending time and 

temperature; Xi and Xj are the independent variables and i and j the indices of 

the factors also represented by A and B respectively). 

Independent variables 
Coded 

-1.414 -1 0 +1 +1.414 

Xi: A: Blending time (s) 5 25 72 120 140 

Xj: B: Temperature (° C) 0 3 10 18 21 

 

Table 3.3 CCD experimental runs as resulted by the combination of 5 level for 

each of the 2 experimental factors (Blending time (s) and temperature (°C) for 

fresh-blended ‘Festival’ strawberry puree of blending time and temperature 

factors. 

Experimental 

No. 

Coded Variables 

Xi Xj 
A: Blending time 

(s) 

B: Temperature (° 

C) 

1 0 
-

1.414 
72.5 -0.1 

2 +1 -1 120.0 3.0 

3 -1 -1 25.0 3.0 

4 
-

1.414 
0 5.3 10.5 

5 0 0 72.5 10.5 

6 0 0 72.5 10.5 

7 
+1.41

4 
0 139.7 10.5 

8 -1 +1 25.0 18.0 

9 +1 +1 120.0 18.0 

10 0 
+1.41

4 
72.5 21.1 
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Color and viscosity measurements 

A spectrophotometer (CM-2600d Konica Minolta, Japan) was used to measure 

fruit puree color of the puree sampled on a Petri dish upon blending and after 6 

days of storage at 5°C, obtaining L*, a* and b* values. Moreover, Chroma (C*) 

and hue angle (h°) parameters were calculated using equations 2 and 3, 

respectively as described in Ayala-Zavala et al. (2004): 

C ∗= [(a ∗)2 + (b ∗)2]1/2     (2) 

h° = arctan (b ∗
a ∗⁄ )     (3) 

∆E ∗= [(∆L ∗)2 + (∆a ∗)2 + (∆b ∗)2]1/2   (4) 

The viscosity of puree was determined using a Bostwick Consistometer (43100 

Ing. Rossi & Catelli; Parma, Italy). Samples (about 50 g of puree) at 20°C were 

placed in the tray closed by a bulkhead with care. After releasing the bulkhead 

by means of click system, the travel of the sliding of the sample in 30s was 

recorded. Final results were expressed in cm * 30 s-1 as reported by Colantuono 

et al. (2015). 

Sensory Analysis 

Sensory analysis was carried out using a 7-member laboratory panel trained and 

familiar with the characteristics of the fruit. Panelists were asked to rate puree 

samples for color intensity, aroma, sweetness, acidity, homogeneity, off-flavor 

and overall acceptance scores on a 5-point hedonic scale (1= minimum; 5= 

maximum) values. The samples were coded with random three-digit numbers in 

identical plastic cups and order of presentation to each panelist was randomized. 
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Total soluble solids content, pH, titratable acidity  

Total soluble solids (TSS) was obtained by measuring the refractive index of 

strawberry juice using a digital refractometer (Atago RX-7000cx; Atago Co. Ltd., 

Japan) at 25°C. Two grams of juice were used for titratable acidity (TA) 

potentiometric titration (TitroMatic CRISON 1S; Crison Instrument, Barcelona, 

Spain) against 0.1 N (Sodium hydroxide; NaOH) up to pH 8.20. TA was 

expressed as g of citric acid equivalent per 100 g fresh weight (g citric acid 100 

mL-1 FW). as described in Mahmood et al. (2012). The pH value was measured 

by a calibrated pH-meter (pH 4, pH 7) and TSS/ TA ratio was calculated by 

dividing TSS values by the TA values. 

Simultaneous analysis of sugars and organic acids 

Sugars and organic acids were extracted by homogenizing 5 g of strawberry 

purees with 10 mL of ultrapure water. The homogenate was centrifuged at 9000 

rpm for 10 minutes at 5°C. The supernatant was filtered with a C18 Sep-Pak 

cartridge (Grace Pure TM, New York, USA) and with a 0.2 µm filter (INCOFAR, 

Modena, Italy). All extracts were performed in triplicate samples. Organic acids 

and sugars were identified as per method described by Mena et al. (2011). 

Samples were diluted with ultrapure water (1:1) and were injected (10 µL) into 

HPLC system (Agilent 1200 series) equipped with an UV detector, set at 210 nm, 

coupled with a refractive index detector. Peak separation was achieved on a 

Rezex ROA-Organic Acid H+(8%) column (300 × 7.80 mm) (Phenomenex, 

Torrance, USA), using a mobile phase of acidified water (phosphoric acid (0.1%) 
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with a flow rate of 0.5 mL min-1 and an oven temperature of 30°C. The different 

organic acids and sugars were characterized and quantified by chromatographic 

comparison with analytical standards. Resulted were expressed as mg 100 g-1 

FW. 

Vitamin C, total phenolic, total anthocyanin content and antioxidant capacity 

evaluation 

To measure vitamin C content, 5 grams of strawberry purees were mixed with 10 

mL of Methanol- water (5:95; v/v), plus citric acid (21 g L-1), EDTA (0.5 g L-1) 

NaF (0.168 g L-1). After one minute, the extract was filtered through cheesecloth 

and the pH was adjusted to 2.2 – 2.4 by addition of 6 mol L-1 HCl. After that the 

homogenate was centrifuged at 10000 rpm for 5 min. Supernatant was taken and 

filtered through a C18 Sep-Pak cartridge (Waters, Milford, MA, USA) and then 

through a 0.2 µm cellulose acetate filter. L-ascorbic acid (AA) and L-

dehydroascorbic acid (DHA) contents were determined as reported in Zapata and 

Dufour (1992) with slight modifications. The HPLC analysis was achieved after 

derivatization of DHA into the fluorophore 3-(1, 2-dihydroxyethyl) furol [3, 4-b] 

quinoxaline-1-one (DFQ) with 1, 2-phenylenediamine dihydrochloride (OPDA). 

Samples of 20 µL were analyzed with an HPLC (Agilent Technologies 1200 

Series; Agilent, Waldbronn, Germany) equipped with a DAD detector and a 

binary pump. Separations of DFQ and AA were achieved on a Zorbax Eclipse 

XDB- C18 column (150 mm × 4.6 mm; 5 µm particle size; Agilent Technologies, 

Santa Clara, CA, USA). The mobile phase was MeOH/H2O (5: 95 v/v) containing 
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5 mmol L-1 cetrimide and 50 mmol L potassium dihydrogen phosphate at pH 4.5. 

The flow rate was 1 mL min-1. The detector wavelengths were 348 nm for DHA 

and 251 nm for AA. AA and DHA contents were expressed as mg of L-ascorbic 

or L-dehydroascorbic acid per 100 g of fresh weight (mg 100 g-1 FW). 

Total phenolic content (TPC) was analyzed by using the Folin–Ciocalteau as the 

method reported by Singleton and Rossi (1965). The extract was prepared by 

adding 10 mL of Methanol: water (80:20 v/v) solution containing 2 mM (84 mg 

L-1) of sodium fluoride (NaF) to 5 grams of puree (Singleton and Rossi, 1965a). 

Extracts were then centrifuged at 5°C and 9000 rpm for 10 min. 100 µL of extract 

was mixed with 1.58 mL of distilled water, 100 µL of Folin-Ciocalteau reagent 

and 300 µL of sodium carbonate solution (200 g L-1). Then samples were left at 

room temperature for 2h in dark. The absorbance was read at 725 nm against a 

blank (using a spectrometer (UV-1700 Shimadzu, Jiangsu, China). TPC was 

calculated based on the calibration curve of gallic acid and results were expressed 

as milligram gallic acid equivalents per 100 g fresh weight (mg GAE 100 g-1 

FW). 

For total anthocyanin content (TAC), one gram of strawberry puree was mixed 

with 20 mL of extraction solution (methanol in 1% hydrochloric acid; HCl-

MeOH mixture) and homogenized for 20s using Ultraturrax (IKA T18 basic, 

Wilmington, NC, USA). The homogenate was then centrifuged for at 4°C at 2000 

rpm, 15 min. Then 700 µL of supernatant plus 300 µL of 1% HCl-MeOH solution 

was put in cuvettes and total anthocyanin was read immediately in 
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spectrophotometer at 510 nm as described by Cordenunsi et al. (2002). Results 

were expressed mg of pelargonidin-3-glucoside equivalents per 100 g of fresh 

weight (mg PG-3 glu 100 g-1 FW).  

The antioxidant capacity (AC) assay was performed according to Brand-Williams 

et al. (1995), using the same extract obtained for TPC. A sample of 50 µL was 

pipetted into 950 µL of DPPH (2, 2-Diphenylpicrylhydrazyl) solution and 

absorbance was read after 24 h at 515 nm. Trolox (6-Hydroxy-2, 5, 7, 8-

tetramethlychromane-2-carbxylic acid) was used as a standard and results were 

expressed in milligrams of Trolox equivalents per 100 g of fresh weight (mg TE 

100 g-1 FW). 

 

Polyphenol oxidase (PPO) activity 

The extraction and assay of PPO was carried according to Terefe et al. (2010), 

with modifications. Five grams of strawberry samples and 10 mL of ice-cold 

extraction solution (0.2 M sodium phosphate buffer (pH=6.5) consisting 4% 

(w/v) polyvinylpolypyrrolidone (PVPP) were homogenized for 1 min. After 

centrifugation at 12,000 ×g for 30 min at 4°C, the supernatant was used as the 

crude enzyme extract for the PPO assay. The reaction mixture contained 0.5 ml 

of extract, and 1.5 ml of a substrate solution 0.07 M catechol (Sigma-Aldrich, 

Italy) as the substrate added to 0.05 M of a sodium phosphate buffer (pH=6.5) 

solution. The blank was prepared in the same way except that 0.2 M phosphate 

buffer (pH=6.5) was used instead of the crude enzyme extract. The absorbance 
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of the assay mixture was monitored at 400 nm at 25°C for 2 min using a UV–

visible spectrophotometer (UV-1700 Pharma spec, Shimadzu, Japan) in a kinetic 

mode according to Terefe et al. (2010). The activity of the enzyme was expressed 

as the change of absorbance per min per gram of fresh weight of sample (nmol 

min−1 g−1 FW).  

Statistical analysis 

All data were fitted to the second-order regression model using RSM based on 

CCD. The significance of the model coefficients was determined by analysis of 

variance (ANOVA). Standard Pareto charts and estimated response surfaces were 

generated to identify and determine the effect of the independent variables on the 

various responses. The vertical line in the Pareto charts indicates statistical 

significance at the 95% confidence level. Using Stat Graphics Centurion XVI 

(Stat Point Technologies, Inc., Warrenton, VA USA) software, surface response 

plots were generated in order to optimize the various responses and analyze their 

behavior in relation to changes in variables. To determine the regression model 

for each response, empirical model coefficients and R2 values were calculated to 

fit models to real data.  
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TRIAL II 

Sample preparation  

‘Festival’ strawberries were divided into two different groups (approximately 3 

kg each) and stored overnight at 5 and 21 °C, representing cold storage and room 

temperature, respectively. Subsequently, approximately 1 kg of fruit for each 

replicate were homogenized at 4000 rpm for 90 s at 5 or 21 °C using a blender 

(VORWERK Folletto-Bimby TM31, Italy). Color parameters (L*, a*, b*), 

vitamin C, total anthocyanin content and sensorial attributes were evaluated at 0, 

3, 8 and 13 days at 5 °C. All samples were prepared and analyzed in triplicates. 

Color evaluation, nutritional quality assessment and sensory analysis were 

carried out as previously reported for Trial I.  

Statistical analysis 

Two-way ANOVA with treatment and storage time factors and their interactions 

were run to analyze the data. Significant means were separated by the Tukey’s 

HSD test (P< 0.05) using the Stat Graphics Centurion XVI.I (Stat Point 

Technologies, Inc., Warrenton, VA USA) software. 

Results and Discussion 

TRIAL I 

Blending time and temperature are important factors affecting the 

physicochemical, nutritional and sensorial attributes of fresh fruit purees 

(Colantuono et al., 2015). Optimization of blending factors may be therefore vital 

in order to produce acceptable quality attributes. In the present study, the effects 
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of blending time and temperature on quality attributes of fresh-blended ‘Festival’ 

strawberry puree were monitored using RSM based on CCD. Results of the 

present study showed that among the several evaluated attributes, only a few were 

significantly influenced by the blending conditions. For many of the response 

variables, the blending conditions did not significantly affect (P>0.05) quality 

attributes, with exception of color parameters (L* and b* values), TA, sucrose, 

fructose, malic and succinic acids at day 0, and viscosity, TAC and DHA after 6 

days of storage at 5°C (Day 6).  The coefficients of multiple determinations (R2 

and R2-adjusted) for product quality parameters immediately after blending (Day 

0) are shown in Table 3.4 whereas Table 3.5 reports R2 and R2-adjusted for 

significantly affected dependent variables after 6 days of storage. P-value ≤ 0.05 

indicates that the model adequately fitted the experimental data. On the other 

side, P-value > 0.05 means that blending factors did not affect the response 

variables (data not shown). Therefore, standardized Pareto charts and estimated 

surface response plots were generated only for the significant response variables. 
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Table 3.4 Effect of blending time (s) and Temperature (°C) on some quality 

attributes of fresh-blended ‘Festival’ strawberry purees at processing day (Day 

0); * (P ≤ 0.05); ** (P ≤ 0.01) = significant difference; ns = no significance 

(Tukey’s test). 

Effect L* b* 
Titratabl

e acidity 

Total 

anthocyani
n content 

Sucros

e 

Fructos

e 

Malic 

acid 

Succini

c 
acid 

A:Blending 
Time (s) 

* * ns ns ns * ns ns 

B:Temperatu

re (°C) 
ns ns * ns ** ns * * 

AA ns ns ns ns ns ns ns ns 

AB ns ns ns ns ns ns ns ns 

BB ns ns ns * ns ns ns ns 

P-value 
0.032

6 
0.049 0.0322 0.019 0.008 0.0495 

0.023

9 
0.0316 

R2 
76.3

% 

71.6

% 
82.8% 82.6% 87.2% 84.0% 

90.4

% 
88.9% 

R 2 adjusted 
46.6
% 

36.0
% 

61.3% 60.9% 71.1% 57.3% 
74.5
% 

70.4% 

 

Table 3.5 Effect of blending time (s) and Temperature (°C) on viscosity, total 

anthocyanin and dehydroascorbic acid of fresh-blended ‘Festival’ strawberry 

purees after 6 days at 5 °C (Day 6); * (P ≤ 0.05) = significant difference; ns = no 

significant (Tukey’s test). 

Effect Viscosity 
Total anthocyanin 

content 

Dehydroascorbic 

acid 

A: Blending 

Time (s) 
ns ns ns 

B: Temperature 

(°C) 
ns ns * 

AA * ns ns 

AB ns ns ns 

BB * * ns 

P-value 0.0264 0.0199 0.0264 

R2 82.3% 81.3% 81.7% 

R 2 adjusted 60.2% 57.8% 58.7% 
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Effect of blending time and temperature on color and viscosity  

The effect of blending time and temperature on the initial L* and b* values of 

fresh-blended strawberry purees are presented in Figure 3.1. Graphically, the 

standard Pareto charts and estimated surface response plots (Figure 3.1 A and B) 

indicate that blending time had significant negative effects on color parameters. 

With the increase of blending time a drop in the values of L* and b* was 

observed. Therefore, strawberry fruits should be blended for less than 140 s at 17 

°C in order to maintain higher L* values (38.3). As for b* values, it was observed 

that the lowest blending time (5 s) combined with the higher temperature (21°C) 

gave a higher b* value (8.8). The blending conditions applied in the current 

experiment had no significant effects on a*, Chroma and hue angle values at both 

Day 0 and 6. For red strawberry products both the increase and decrease of 

lightness can possibly imply color deterioration, indicating either tissues fading 

or browning (Wang et al., 2015). Since a* value and hue angle were not different 

among the treatments, the change in L* or b* may not be associated with changes 

in red color of the puree. A brilliant red color is associated with “freshness” and 

“healthiness” as opposed to dark red, which may lead to rejection of the product 

(Cordenunsi et al., 2003). Similarly, high blending time (≥ 80 s) of fresh melon 

purees significantly affected color parameters (b* and Chroma) (Colantuono et 

al., 2015). At Day 6, however, color attributes of fresh-blended strawberry puree 

were not different among the treatments.  
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Figure 3.1 Standardized Pareto charts (top) and estimated surface responses 

(bottom) of blending time (s) and temperature (°C) factors on (A) L* and (B) b* 

values of fresh-blended ‘Festival’ strawberry puree at Day 0. 

 

Viscosity is an important quality attribute limiting the consumer acceptability of 

fruit juices. The viscosity of fresh-blended strawberry purees in all used 

conditions was not significantly different immediately after blending (Day 0). 

After 6 days at 5°C, however, the quadratic effects of both blending time (AA) 

and temperature (BB) had significant inversely proportional effects on viscosity 

(Table 3.4). The standardized Pareto chart and estimated surface response are 

reported in Figure 3.1 and indicate that increasing the blending factors the 

viscosity increased significantly first and then decreased. For acceptable quality 

purees, viscosity should basically not change from the initial values. In order to 

preserve high viscosity (13.3 cm * 30 s-1) at day 6, strawberries need to be 

blended for not more than 83 s and temperature should be less than 10°C. 
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According to Maceiras et al. (2007) the processing temperature significantly 

affected the apparent viscosity of strawberry purees. However also sugar content 

of strawberry may have an influence on the viscosity of the final product. For 

higher processing temperature, the observed decrease in viscosity may be due to 

the inactivation of some enzymes such as pectin methyl esterase (PME) and 

polygalacturonase (PG) during treatment (Aguiló-Aguayo et al., 2009). 

Significant linear and combined effects of blending time and temperature on the 

consistency of melon purees was also reported by Colantuono et al. (2015). 

However, viscosity varies depending on cultivar, maturity at the time of 

processing, heat and presence of PME and PG in the raw material (Tiziani and 

Vodovotz, 2005; Aguiló-Aguayo et al., 2009). 
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Figure 3.2 Standardized Pareto chart (top) and estimated surface response 

(bottom) of blending time (s) and temperature (°C) factors on viscosity of fresh-

blended ‘Festival’ strawberry puree at Day 6. 
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Effects of blending time and temperature on chemical attributes  

Blending conditions significantly affected the titratable acidity (TA) at Day 0. 

Temperature negatively affected TA: when fruits were blended at higher 

temperatures the TA value tends to decrease (Figure 3.3). The maximum TA 

value (0.8 g citric acid 100 g-1 juice) was obtained when strawberry fruits were 

blended for short time (5 s) at temperature not exceeding 8°C.  The decrease in 

TA at Day 0 can be therefore related to the storage temperature before blending. 

The proportion of organic acids in fruits noticeably changes according to the 

storage temperature (Marsh et al., 2004). Although the flavor of strawberry 

depends on sugar/acid balance, TA is one of the factor that gives different 

perception of acidity in sensorial evaluation of fruit and fruit-based products. 

Therefore, the composition of sugars and organic acids, as well as sugar/acid 

balance, may have an influence on taste (Nishiyama et al., 2008). In the present 

study, TSS, pH, TSS/TA ratio as well as all sensorial attributes were not different 

among treatments although blending conditions showed significant influence on 

sucrose, fructose, malic and succinic acids at Day 0. 
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Figure 3.3 Standardized Pareto charts (top) and estimated surface responses 

(bottom) of blending time (s) and temperature (°C) factors on TA (g citric acid 

100 mL-1 juice) of fresh-blended ‘Festival’ strawberry purees at Day 0. 

 

The effect of blending time and temperature on sucrose and fructose at day 0 is 

presented in Figure 3.4 (A and B). Blending temperature negatively affected the 

content of sucrose. Blending time had instead a slightly positive effect on the 

fructose content at Day 0 as can be observed in Figure 3.4 B. The higher the 

blending time, the higher the fructose content. The blending conditions applied 

in the present study did not have any significant effects on the glucose content of 
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the strawberry purees. After 6 days of storage however, no differences in sugar 

content were observed for all treatments. When strawberries were blended for 

140 s at 21°C, the sucrose content decreased while fructose increased. In this 

regards, probably sucrose was converted into fructose when processed at the 

highest levels of blending conditions (140 s and 21°C). Because sucrose is the 

primary source of glucose and fructose, the increased amount of these 

monosaccharides could account for the decrease in sucrose level (Cordenunsi et 

al., 2005).  

 

Figure 3.4 Standardized Pareto charts (top) and estimated surface responses 

(bottom) of blending time (s) and temperature (°C) factors on (A) sucrose (B) 

fructose (mg 100 g-1 FW) of fresh-blended ‘Festival’ strawberry puree at Day 

0. 

 

The blending condition significantly affected the malic and succinic acids of the 

purees (Figure 3.5). Blending temperature had a significant negative effect on the 

malic acid content. The standardized Pareto chart and estimated surface response 
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of malic acid reported in Figure 3.5 A indicate the noticeable effects of processing 

factors on malic acid. Instead, blending temperature had a positive effect on the 

content of succinic acid. Figure 3.5 B demonstrates that increasing blending 

temperature, the succinic acid also increased. The highest blending time and 

temperature (blending for 140 s at 21°C) resulted in an increase in the succinic 

acid content that probably is related to carbohydrates fermentation due the 

processing. Short blending time (5 s) at 10°C did not have negative effect on 

malic acid content.  

 

 

Figure 3.5 Standardized Pareto charts (top) and estimated surface responses 

(bottom) of blending time (s) and temperature (°C) factors on (A) malic acid 

(B) succinic acid (mg 100 g-1 FW) of fresh-blended ‘Festival’ strawberry puree 

at Day 0. 
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Effects of blending time and temperature on dehydroascorbic acid and total 

anthocyanin content  

Upon processing there were no significant differences in vitamin C content 

among the different blending time and temperature combinations applied. At Day 

6, however, blending temperature had a significant effect on dehydroascorbic 

acid (DHA). As the blending temperature increased, the content of DHA 

significantly decreased (Figure 3.6). The vitamin C (AA+DHA) tends generally 

to reduce during storage. Since no significant differences in AA content were 

observed for puree samples, the reduction in DHA observed after 6 days of 

storage may also be related to the storage time. In fruits and vegetables under 

stress conditions, ascorbate oxidase has been described to promote the 

transformation of ascorbic acid (AA) into DHA (Wright and Kader, 1997; Tudela 

et al., 2002). During storage, temperature management is the most important 

factor to be taken into account in order to retain the initial AA content. AA is the 

predominant form of vitamin C present in fruits, and the primary oxidation 

product (DHA) is also important because it also has biological activity. Since the 

oxidized form is more prone to decomposition, leading to the loss of biological 

activity, the changes in AA forms are important in both technological and 

nutritional terms (Cordenunsi et al., 2005).  
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Figure 3.6 Standardized Pareto charts (top) and estimated surface responses 

(bottom) of blending time (s) and temperature (°C) factors on dehydroascorbic 

acid (DHA) content of fresh-blended ‘Festival’ strawberry puree at Day 6. 

 

Blending temperature had a significant positive effect on the TAC. It seems that 

higher blending temperature (21°C) favors a higher TAC value (Figure 3.7). 

Maximum TAC values were observed when strawberries were blended at the 

highest temperature. At Day 0 5 seconds at 21 °C allowed to obtain 29.1 mg PG-

3-glu 100 g-1 FW while 31.2 mg PG-3-glu 100 g-1 FW was determined when 

strawberry fruits were blended for 140 s at 21°C (Day 6). TAC seems to benefit 

from the high blending temperature, this was possibly due to the improvement in 

anthocyanin extraction caused by the higher temperature. Slight synthesis of 
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these compounds may also occurred during cold storage. A little increase at day 

6 was in fact observed. Low temperatures could affect anthocyanin synthesis 

during storage of small fruits, inclusive of strawberries. It has been reported that 

anthocyanin biosynthesis and accumulation continue after harvest and during 

storage (Kalt et al., 1999). TAC is responsible for the red color of strawberry 

indicating that the higher the TAC the more intense was the puree color. This will 

make any change of color less apparent (Bursac Kovacevic et al., 2015). In the 

present work no significant differences in color parameters at day 6 were 

observed.  

 

Figure 3.7 Standardized Pareto charts (top) and estimated surface responses 

(bottom) of blending time (s) and temperature (°C) factors on total anthocyanin 

content of fresh-blend strawberry puree (A) at Day 0 and (B) at Day 6. 
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TRIAL II 

Results of two-way analysis of variance (Table 3.5) showed that blending 

temperature, storage time and their interaction significantly affected color 

parameters, vitamin C content (AA, DHA, and AA+DHA), total anthocyanin 

content, and sensory attributes (aroma and overall acceptance). Below these 

effects are described in detail. 

 

 Table 3.5 Effect of blending temperature (treatment) (5 or 21°C), storage time 

and their interactions on quality attributes of fresh-blended ‘Festival’ strawberry 

purees on some physicochemical and sensorial attributes of fresh-blended 

strawberry puree. Mean values of 12 samples (3 replicates x 4 sampling times); 

mean values followed by different letter (s) are significantly different (P<0.05 

according to Tukey’s test; (****) P≤0.0001;(***) P≤0.001; (**) P≤0.01;(*) 

P≤0.05; ns = not significant). 

 

  

Quality attributes 5°C 21°C Treatment (trt) Storage time (t) trt * t

Physicochemical 

L* 33.1 a 31.6 b **** **** ****

a* 26.8 ns 26.6 ns ns * ns

b* 12.9 a 10.8 b **** **** ****

Chroma 29.8 a 28.7 b *** **** ****

Hue angle (h°) 68.0 a 64.0 b **** **** ****

Total color difference (∆E*) 6.3 b 7.7 a * ** **

Ascorbic acid; AA (mg 100 g
-1

 FW) 13.4 a 10.8 b **** **** **

Dehydroascorbic acid;  DHA (mg 100 g
-1

 FW) 43.2 a 41.7 b * **** ns

Total Vitamin C; DHA + AA (mg 100 g
-1

 FWf) 56.6 a 52.5 b * **** ns

Total anthocyanin content (mg PG-3-Glu 100 g
-1 

FW) 20.4 b 22.0 a * **** ***

Sensory attributes 

Aroma 3.5 a 3.0 b * **** ns

Color 3.7 ns 3.6 ns ns **** ns

Homogeneity 4.1 ns 4.0 ns ns **** ns

Freshness 3.6 ns 3.3 ns ns **** ns

Sweetness 3.0 ns 2.9 ns ns **** ns

Acidity 3.2 ns 2.8 ns ns **** ns

Off-odor 1.8 ns 2.0 ns ns **** ns

Off-flavor 1.4 ns 1.6 ns ns **** ns

Overall accceptance 3.6 a 3.1 a * **** ns
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Effect of blending temperature on color and total anthocyanin content  

Mean values referred to all sampling dates shows that all color attributes (but a* 

value) were significantly higher for samples blended at 5 °C (Table 3.5). Initially 

the average L*, a* and b* values were 32.7, 33.1 and 28.7 and 33.1, 29.1, and 

14.8 for blending at 5° and 21°C, respectively. However, trends over time for 

color attributes confirmed difference evident throughout storage but only 

significant at the second sampling day (8 days at 5 °C):  puree obtained using 

blending temperature of 5°C resulted in significantly lower L*, h° and ∆E* values 

compared to the other treatment. No significant difference in color parameters 

was determined at the end of storage (see Figure 3.8 for L* value and ∆E*).  
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Figure 3.8 Effect of blending temperature on color parameters (A) L* value and 

(B) total color differences (∆E*) of fresh-blended strawberry purees storage for 

13 days at 5 °C. mean values (n=3) and standard errors bars. Means with 

different letters at the same storage time are significantly different according to 

Tukey’ s test (𝑃 value≤0.05) and ns = no significance. 

 

Mean values for total anthocyanin content (TAC) resulted higher in samples 

blended at higher temperature (Table 3.5) although they generally did not show 

a clear trend over time. In fact, upon processing TAC resulted significantly higher 

for samples blended at 5 °C, then they increased during the first 2 days of storage 
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(especially for samples blended at 21°C, which resulted significantly higher). 

TAC then decreased after 8 days (significantly higher for purees blended at 5 °C) 

and increased again at the end of storage, with content in samples blended at 21°C 

significantly higher than at 5 °C (Figure 3.9). The higher anthocyanin content 

indicates a greater color intensity of the product, that will make any change of 

color less apparent (Bursac Kovacevic et al., 2015). Similarly, Cao et al. (2012) 

found that ΔE* values showed a negative correlation with anthocyanin and 

ascorbic acid contents in cloudy and clear strawberry juices. Therefore, the 

stability of both anthocyanins and ascorbic acid may influence the total color 

difference and results of the present study confirmed this behavior. 

 

Figure 3.9 Effect of blending temperature on total anthocyanin content (TAC) 

of fresh-blended strawberry purees storage for 13 days at 5 °C. mean values 

(n=3) and standard errors bars. Means with different letters at the same storage 

time are significantly different according to Tukey’ s test (𝑃 value≤0.05) and ns 

= no significance. 
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Effect of blending temperature on vitamin C content of fresh-blended strawberry 

puree 

Samples blended at 5 °C presented higher mean values of contents in AA, DHA, 

and total vitamin C, compared to those blended at 21 °C. Over the storage time 

vitamin C showed a decreasing behavior (Figure 3.10). Initially there was no 

significant difference between the two blending temperatures. After 2 days, a 

significant reduction of ascorbic acid (AA) was observed, especially with sample 

blended at 21°C. Blending at 5°C was significantly better to retain the AA during 

storage up to the end of storage (Figure 10 A). On the other hand, 

dehydroascorbic acid (DHA) increased during the first 2 days of storage due to 

oxidation AA in to DHA. After 8 days at 5°C, blending at 21°C resulted in higher 

DHA content compared to blending at 5°C, clearly due to an enhanced oxidation 

of ascorbic acid, although no significant difference was observed at the end of 

storage (Figure 10 B). Vitamin C (as the sum of AA+DHA) maintained always 

higher in low-temperature blended samples, but at the second sampling date (8 

days) when it results slightly higher in samples blended at 21 °C, although 

difference was not statistically significant (Figure 10 C). Loss of vitamin C is 

generally more rapid at higher temperatures (Watada and Weichmann, 1987). 

Like anthocyanins, the amount of AA is also dependent on the strawberry cultivar 

and ripening degree (Cordenunsi et al., 2002). To retain the initial AA content 

during storage, temperature management is the most important factor to be taken 

into account. Storage temperature resulted  to be crucial to maintain a high AA  

http://www.sciencedirect.com/science/article/pii/S0308814604004546#bib2
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content  (Lee & Kader, 2000). Results of the present work suggest that blending 

temperature is also of great importance in controlling AA concentration in fresh 

strawberry purees.  

 

Figure 3.10 Effect of blending temperature on ascorbic (A) and 

dehydroascorbic acid (B) and total vitamin C (C) content of fresh-blended 

strawberry purees stored for 13 days at 5 °C: mean values (n=3) and standard 

errors bars. Means with different letters at the same storage time are 

significantly different according to Tukey’ s test (𝑃 value≤0.05) and ns = no 

significance. 
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Effect of blending temperature on sensory attributes of fresh-blended strawberry 

puree 

During storage sensory attributes scores significantly decreased. Among the 

attributes evaluated by panelists scores for aroma (Figure 3.11 A) and for overall 

rating (Figure 3.11 B) showed significant difference between treatments. 

Immediately after processing, blending temperature did not significantly 

influence aroma nor overall rating scores. After 2 days of storage however, 

samples blended at 5 °C had significantly higher aroma and overall rating scores 

compared to those blended at 21 °C. Although no significant difference was 

determined after 8 days at 5 °C, samples were still acceptable showing aroma 

scores higher than 3 (limit of marketability) and overall rating scores slightly 

below this limit but still considerably above the limit of edibility (Figure 3.11 A 

and B). After 13 days, only samples blended at 5 °C were scored positively by 

panelists with scores higher than 2 for aroma. However, their overall rating was 

not evaluated, indicating a not edible product. Also for sensorial parameters, as 

commonly known, temperature management during processing and storage, 

results to be crucial. In sensory quality control not only the processing and storage 

temperatures but also the temperature of the product during analysis is equally 

important to influences result (Costell et al., 2010). 
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Figure 3.11 Effect of blending temperature on (A) aroma, (B) overall rating of 

fresh strawberry purees stored for 13 days at 5 °C: mean values (n=3) and 

standard errors bars. Means with different letters at the same storage time are 

significantly different according to Tukey’s test (𝑃 value≤0.05) and ns = no 

significance and * = not evaluated. 
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Conclusions 

 
The effect of blending condition on quality attributes of freshly-blended 

strawberry purees was studied in this work. According to results, optimal 

blending conditions to obtain convenient puree from nutritional, organoleptic and 

technological points of view, include blending time lower than 90 s and 

temperature not exceeding 10°C. From a second trial results confirmed that 

blending at 5°C resulted in better color retention and higher vitamin C content, 

aroma and overall acceptance scores compared to blending at 21°C  

Therefore, blending for approximately 90 s at low temperature (5 °C) could be a 

possible combination (within the range of studied conditions) for blending fresh 

strawberry purees with high quality. However, optimum blending conditions 

should be accompanied with appropriate storage and packaging conditions 

including packaging material in order to preserve quality and extend shelf life of 

fresh-blended strawberry-based products. 
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2.4 Effect of packaging condition on quality and shelf life of fresh-blended 

strawberry purees 

 
Solomon M.T., Amodio M.L., de Chiara M.L.V., Ansah F., Colantuono F., 

Colelli G.* 

*Corresponding Author: giancarlo.colelli@unifg.it 

Department of Science of Agriculture, Food and Environment, University of 

Foggia, Via Napoli 25, 71122, Foggia, Italy 

 

Abstract  

 
The main objective of the study was to evaluate and compare the effect of 

packaging conditions of two plastic films under active and passive modified 

atmosphere packaging (MAP) to preserve quality of fresh-blended strawberry 

purees. ‘Festival’ strawberries were harvested from protected organic farming 

system in Mediterranean Agronomic Institute of Bari and stored at 5°C overnight 

in the postharvest laboratory (University of Foggia). Subsequently, uniform and 

defect free strawberries were homogenized in a blender at 4000 rpm for 90 s at 

5°C. Two packaging materials, namely polypropylene/ethylene vinyl alcohol 

(PP/EVOH) and polypropylene/polyamine (PP/PA), were tested to package 

fresh-blended strawberry purees. Samples were packaged in 250 mL PP/EVOH 

plastic trays under active (5% O2+13% CO2) and passive (air) conditions. 

Physicochemical, sensorial, nutritional attributes and spoilage microbial counts 

were evaluated after 0, 2, 6, and 12 days of storage at 5°C. A two-way analysis 

of variance for MAP treatment, storage time and their interactions was run and 

significant means were separated by Tukey’s test (P<0.05). Results showed that 

after 12 days at 5°C, packaging significantly affected the physical and nutritional 

mailto:giancarlo.colelli@unifg.it
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attributes and microbiological counts. Samples in active MAP maintained 

slightly higher nutritional and sensorial attributes during storage. After 12 days 

at 5°C, samples in active PP/EVOH had lower microbiological counts (< 4 Log 

CFU g-1) and no perceived off-flavor compared to the other treatments. In 

conclusion, fresh-blended strawberry purees can be stored for about 12 days at 

5°C using active PP/EVOH MAP condition for quality maintenance and 

freshness. Therefore, MAP combined with innovative non-thermal processing 

techniques may help in extending shelf life of fresh strawberry purees.  

Key Words: ‘Festival’, fresh purees, Modified atmosphere packaging, PP/EVOH, 

PP/PA, shelf life  
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Introduction 

The demand for fresh, hygienic and healthy food products has greatly increased 

with changes in consumer lifestyle and awareness and enhanced competition 

among fresh produce retailers. Fruits, vegetables and derived fresh products 

attract consumer attention as possess high levels of nutritional values (Rico et al., 

2007). Strawberries are among the highly valued commodities in the fresh-cut 

industry for their attractive appearance and flavor, and possession of rich 

bioactive compounds such as vitamin C and anthocyanins.  

The quality of fresh and minimally processed strawberries as a function of their 

physicochemical compositions and organoleptic attributes is an important area of 

study (Giuggioli et al., 2015). A major challenge in the production and marketing 

of fresh and minimally processed products is rapid quality deterioration and 

reduced shelf-life (Hussein et al., 2015). Modified atmosphere packaging (MAP) 

combined with refrigerated storage is widely and successfully used for safety 

maintenance and shelf-life extension of whole and minimally processed 

strawberries and has been the center of many studies (Castaigne et al., 1991; 

Shamaila et al., 1992; Renault et al., 1994; Van der Steen et al., 2002; Caner et 

al., 2008; Nielsen and Leufven, 2008). MAP is an active or passive dynamic 

process of altering gaseous composition within a package (Caleb et al., 2013). It 

relies on the interaction between the respiration rate of the produce, and the 

transfer of gases through the packaging material, with no further control exerted 

over the initial gas composition (Caleb et al., 2012b).  MAP should contribute to 

reduce the respiration rate and enhance shelf life of produce providing optimum 
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combination of gases, generally low levels of O2 and high levels of CO2 

(Sandhya, 2010). The choice of gas is very dependent upon the food product 

being packaged. In active MAP gases are deliberately displaced or replaced in 

the packages; scavengers and/or absorbers can be used to attain the desired 

concentrations. Whereas, in passive MAP all is demanded to film barrier 

properties with the objective to create the desired atmosphere (Lee et al., 1996).  

In a given package, important aspects to be considered are gas transfer rate 

(GTR), water vapor transfer rate (WTR), mechanical properties and transparency 

of the film, in addition to the type of package and sealing reliability. Obviously, 

produce physiology (such as the extrinsic and intrinsic factors affecting produce 

respiration rate) is extremely important in packaging development phases (Caleb 

et al., 2013). Plastic films used in MAP for respiring fresh produce are permeable 

to gases and the degree of permeability depends on the chemical composition and 

thickness of film as well as on temperature. Other films are instead designed to 

prevent the exchange of gases and are mainly used with non-respiring products 

(Thompson, 2010a). However, some problems related to the inappropriate use of 

MAP conditions for fresh produce can occur leading to development of anaerobic 

conditions and/or too high CO2 levels which eventually have a detrimental effect 

on the product quality through production of ethanol, acetaldehyde and off-flavor 

and odors (Saltveit, 2003).   

For freshly blended strawberry purees, considering their very low respiration rate 

(see previous experiment), it can be interesting to evaluate the application of high 
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barrier packaging materials. PP/EVOH and PP/PA can be useful for their 

excellent gas barrier properties and resistance to organic solvents and water 

resistance properties. The recommended gas mixtures for extending shelf life of 

strawberries range between 5-10% O2 and 15-20% CO2 in nitrogen (Sandhya, 

2010). When strawberries are blended into purees, the respiration rate 

significantly reduced and this may represent an advantage to be exploited to 

design appropriate MAP conditions.  

Therefore, the main objective of the present work was to study and compare the 

effect of different packaging conditions on quality and shelf life of fresh-blended 

strawberry purees. PP/EVOH and PP/PA plastic films under both active (5% O2 

and 13% CO2) and passive (air) modified atmosphere packaging were evaluated. 

The main focus was to select a packaging condition that can better maintain the 

physicochemical, sensorial and nutritional quality attributes and retards spoilage 

microbial growth during storage of 12 days at 5°C. 

Materials and Methods 

 
Sample preparation 

‘Festival’ strawberries (Fragaria x ananassa Duch.) grown under protected 

organic farming system at the Mediterranean Agronomic Institute of Bari 

(MAIB) experimental field, Apulia region (South Italy) were harvested at 

commercial maturity, transported into the postharvest laboratory (University of 

Foggia) and stored at 5°C overnight. Uniform color and shape, free of physical 

defects and decay strawberries were visually selected and categorized into three 



 

119 

 

groups; washed with tap water and dried on a paper towel. After calyx removal, 

fruits were divided into two halves. Subsequently, about 1 kg of fruit slices (for 

each replicate) were blended at high power food Blender (Bimby TM31, 

Vorwerk, Germany) using 4000 rpm for 90 s at 5°C and samples (200 mL) were 

packaged in 250 mL polypropylene/ethylene vinyl alcohol/polypropylene 

(PP/EVOH/PP) rigid plastic trays sealed by PP/EVOH (70 µm)) or PP/PA (60 

µm) flexible plastic films under active (5 % O2 + 13% CO2) and passive (air) 

MAP conditions. The active MAP condition was chosen on the basis of the 

optimal gaseous mixture to be applied during storage of strawberry-based 

products (Sandhya, 2010). Physicochemical, sensory, nutritional attributes and 

spoilage microbial counts were evaluated after 0, 2, 6, and 12 days of storage at 

5°C. All samples were prepared in triplicates. Samples were immediately 

analyzed after each sampling times and when it was necessary, samples were 

frozen at −80°C until analysis. 

Gas composition  

The oxygen and carbon dioxide percentage inside the packages was measured in 

15 mL headspace gas sample using a handheld gas analyzer (CheckMate 3 

O2/CO2, Dansensor A/S, Denmark) during each sampling time.  

Color and viscosity of puree 

A spectrophotometer (CM-2600d Konica Minolta, Japan) was used to measure 

color of the puree sampled on a Petri dish during each sampling times, obtaining 

L*, a*, and b* values. Moreover, Chroma (C*) and hue angle (h°) parameters 
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were calculated using equations 1 and 2, respectively. In addition, total color 

differences (∆E*) of purees was calculated at each sampling time in reference to 

the initial values (equation 3) as described by Ayala-Zavala et al. (2004): 

C ∗= [(a ∗)2 + (b ∗)2]1/2     (1) 

h° = arctan (b ∗
a ∗⁄ )      (2) 

∆E ∗= [(∆L ∗)2 + (∆a ∗)2 + (∆b ∗)2]1/2   (3) 

According to Ayala-Zavala et al. (2004) the total color difference or ΔE* value 

is the change between the initial and final measure and it is estimated as not 

noticeable (0–0.5), slightly noticeable (0.5–1.5), noticeable (1.5–3.0), well 

visible (3.0–6.0) and great (6.0–12.0 ). 

Rheological measurements were performed with a rotational Brookfield LV, DV-

II-Pro viscometer (Harlow, England). Approximately, 50 g of each sample were 

placed in the concentric cylindrical cup. For the analysis the spindle No. 3 was 

used, applying a speed equal to 40 rpm for 30 s at a room temperature. The 

viscosity was expressed in centipoise (cP). 

Sensory evaluation 

Sensory analysis was carried out by a 6-member expert panelist consisting of 

University staff who were trained and familiar with the characteristics of the 

product. Panelists were asked to rate samples for aroma, color, homogeneity, 

freshness, sweetness, acidity, off-odor, off-flavor and overall acceptance, on a 5-

point hedonic scale from values ranging from 1 as minimum to 5 as a maximum. 

Samples were coded with random three-digit numbers in identical plastic cups 
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and order of presentation to each panelist was randomized. Each sample was 

replicated 12 times (2 replicates per treatment and 6 panelists). A score of 3 was 

considered as a limit of commercial acceptability and 2 as the limit of 

consumption.  

Total soluble solids, titratable acidity, pH-value, and sugar/acid ratio  

Total soluble solids (TSS) was obtained by measuring the refractive index of 

strawberry juice using a digital refractometer (Atago RX-7000cx; Atago Co. Ltd., 

Japan) at 25°C. Some drops of juice were placed on the lens and reading was 

noted in degree Brix (°brix). Calibration was made with distilled water and the 

lens was carefully rinsed between samples. One gram of sample was used to 

measure the pH and the titratable acidity (TA), with an automatic titrator (T50 M 

Terminal, Mettler Toledo, Switzerland). TA was obtained by measuring the 

volume of 0.1N NaOH used to reach a final pH of 8.2. All determinations were 

made in triplicate and the results were expressed as grams of citric acid equivalent 

per 100 g fresh weight as described by Mahmood et al. (2012). Moreover, the pH 

value of the puree was measured by a calibrated pH-meter (pH 4, pH 7). The 

sugar/acid (TSS/TA) ratio was calculated by dividing the soluble solid contents 

values by the titratable acidity. 

Vitamin C, Total phenolic and anthocyanin contents, and antioxidant capacity  

To measure vitamin C content, 5 grams of strawberry purees mixed with 10 mL 

of methanol-water (5:95, v/v), plus citric acid (21 g L-1), EDTA (0.5 g L-1) NaF 

(0.168 g L-1) was homogenized using an Ultraturrax for 1 min. The homogenate 
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was filtered through cheesecloth and the pH was adjusted to 2.2–2.4 by addition 

of 6 mol L-1 HCl. After that the homogenate was centrifuged at 10000 rpm for 5 

min. Supernatant was taken and filtered through a C18 Sep-Pak cartridge 

(Waters, Milford, MA, USA) and then through a 0.2 µm cellulose acetate filter. 

L-ascorbic acid (AA) and L-dehydroascorbic acid (DHA) contents were 

determined as reported in Zapata and Dufour (1992). The HPLC analysis was 

achieved after derivatization of DHAA into the fluorophore 3-(1, 2-

dihydroxyethyl) furol [3, 4-b] quinoxaline-1-one (DFQ) with 1, 2-

phenylenediamine dihydrochloride (OPDA). Samples of 20 µL were analyzed 

with an HPLC (Agilent Technologies 1200 Series; Agilent, Waldbronn, 

Germany) equipped with a DAD detector and a binary pump. Separations of DFQ 

and AA were achieved on a Zorbax Eclipse XDB-C18 column (150 mm × 4.6 

mm; 5 µm particle size; Agilent Technologies, Santa Clara, CA, USA). The 

mobile phase was MeOH: H2O (5: 95 v/v) containing 5 mmol L-1 cetrimide and 

50 mmol L potassium dihydrogen phosphate at pH 4.5. The flow rate was 1 mL 

min-1. The detector wavelengths were 348 nm for DHA and 251 nm for AA. AA 

and DHA contents were expressed as mg of L- ascorbic or L-dehydroascorbic 

acid per 100 g of fresh weight (mg 100 g-1 FW). 

Total phenolic content (TPC) was analyzed by using the Folin–Ciocalteau 

method (Singleton and Rossi, 1965b). Five grams of purees were homogenized 

in an Ultraturrax after adding 10 mL of extraction buffer containing 200 mL of 

distilled water, 800 mL of methanol and 2 mM (84 mg L-1) of sodium fluoride 
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(NaF) as described by Singleton and Rossi (1965). Extracts were then centrifuged 

at 5°C and 9000 rpm for 10 min. Extract of 100 µL was mixed with 1.58 mL of 

distilled water, 100 µL of Folin-Ciocalteau reagent and 300 µL of sodium 

carbonate solution (200 g L-1). Then samples were left at room temperature for 2 

h in the dark. The absorbance was read at 725 nm against a blank (prepared in 

same way except the 100 µL of samples was replaced by 100 µL distilled water) 

using a spectrometer (UV- 1700 Shimadzu, Jiangsu, China). TPC was calculated 

based on the calibration curve of gallic acid and results were expressed as 

milligram of gallic acid equivalents per 100 g fresh weight (mg GAE 100 g-1 

FW). 

To measure TAC, one gram of strawberry sample was mixed with 20 mL of 

extraction solution (methanol in 1% hydrochloric acid; HCl-MeOH mixture) and 

homogenized for 20 s using an Ultraturrax. The homogenate was then centrifuged 

for at 4°C at 2000 rpm, 15 min. Then 700 µL of supernatant plus 300 µL of 1% 

HCl-MeOH solution were put in cuvettes and total anthocyanin content was read 

immediately in spectrophotometer at 510 nm as described by Cordenunsi et al. 

(2002). Results were expressed in mg of pelargonidin-3-glucoside equivalents 

per 100 g of fresh weight (mg PG-3 glu 100 g-1 FW). 

The antioxidant capacity (AC) assay was performed on same extracts used for 

total phenolic contents following the procedure described by Brand-Williams et 

al. (1995), with little modifications where diluted sample of 50 µL was pipetted 

into 950 µL of DPPH (2, 2-Diphenylpicrylhydrazyl) solution and absorbance was 
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read after 24 h at 515 nm. Trolox (6-Hydroxy-2, 5, 7, 8-tetramethlychromane-2-

carbxylic acid) was used as a standard and results were expressed in milligrams 

of Trolox equivalents per 100 g of fresh weight (mg TE 100 g-1 FW). 

Microbiological analysis  

Microbiological analysis was conducted according to the methods reported by 

Nogales-Delgado et al. (2013) with slight modifications. Triplicate samples were 

subjected to microbial analysis for each treatment during each sampling time. Ten 

grams of sample were homogenized in 90 mL sterile physiological saline solution 

(0.85% NaCl) homogenized in a stomacher (BagMixer 78860, ST-Nom 

Interscience, Saint Nom, France) for 60 s. Colony forming unit (CFU) of aerobic 

mesophilic (30°C for 2 days) and psychrophilic (5°C for 10 days); yeast and 

molds (25 °C for 5 days) were counted in Plate Count Agar (PCA), Potato 

Dextrose Agar (PDA), respectively; microbial populations were expressed as Log 

CFU g-1.  

Statistical analysis 

Two-way ANOVA with treatment and storage time as factors and their 

interactions were run to analyze the data. Significant means were separated by 

the Tukey’s test; P<0.05) using the Stat Graphics Centurion XVI.I (Stat Point 

Technologies, Inc., Warrenton, VA USA) software. Moreover, the effect on 

quality parameters of treatment was tested by performing a one-way ANOVA for 

each sampling day, and mean values within each sampling were separated 

applying Tukey test with significant difference when P ≤ 0.05.  
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Results and Discussion 

 
Two-way analysis of variance on the effects of packaging conditions 

(treatments), storage time and their interactions revealed significant differences 

on some physicochemical, nutritional, sensorial attributes and spoilage 

microbiological counts. Packaging condition had significant effects on L*, a*, 

Chroma, h°, ∆E*, viscosity, TSS, AA, DHA, total vitamin C, TPC, TAC, AC, 

off-flavor and microbiological count. Storage time significantly affected physical 

attributes of the purees, TSS, AA, DHA, vitamin C, TPC, TAC, sensorial 

attributes, mesophilic bacteria and yeast & molds. Whereas, only the viscosity, 

TSS, AA, TPC, TAC, off flavor and microbiological contamination were 

significantly affected by their interaction (Table 4.1). 
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Table 4.1 Effect of packaging condition (PP+EVOH and PP+PA plastic films under active and passive MAP), storage time and 

their interactions on quality attributes of fresh-blended ‘Festival’ strawberry purees. Mean values of 9 samples (3 replicates x 3 

sampling times); mean values followed by different letter (s) are significantly different (P<0.05 according to Tukey’s test; (****) 

P≤0.0001;(***) P≤0.001; (**) P≤0.01;(*) P≤0.05; ns = not significant). 

 

10 
PP/EVOH 

active 

PP/EVOH 

passive 

PP/PA 

active 

PP/PA 

passive 

Treatment 

(trt) 

Storage 

time (t) 

trt 

x t 

Physical attributes        

L* 29.5 ab 29.4 b 29.9 a 29.2 b ** **** ns 

a* 20.3 ab 20.5 ab 21.0 a 19.7 b * **** ns 

b* 9.3 ns 9.4 ns 9.3 ns 9.2 ns ns **** ns 

Chroma  22.3 ab 22.6 ab 23.0 a 21.8 b * **** ns 

Hue angle (h°) 65.4 ab 65.4 b 66.1 a 64.9 b *** **** ns 

Total color difference (∆E*) 7.9 b 8.2 b 7.9 b 9.0 a ** **** ns 

Viscosity (Centipoise (cP)) 1036.7 b 1105.8 a 998.8 c 1080.8 a **** **** 
***

* 

Chemical attributes        

Total soluble Solids (TSS) (°Brix) 7.9 c 8.0 b 8.3 a 7.8 c *** ns * 

pH value 3.7 ns 3.6 ns 3.7 ns 3.6 ns ns **** ns 

Titratable acidity (TA) (g citric acid 

100 mL-1 juice) 
0.7 ns 0.7 ns 0.7 ns 0.7 ns ns ns ns 

TSS/TA ratio 11.0 ns 11.1 ns 11.2 ns 10.9 ns ns ns ns 

Ascorbic acid (mg 100 g-1 FW) 7.9 ab 5.4 c 9.0 a 7.2 b **** **** *** 

Dehydroascorbic acid (mg 100 g-1 

FW) 
85.1 a 87.3 a 70.5 c 78.1 b **** **** ns 

Total Vitamin C (mg 100 g-1 FW) 93.0 a 92.7 ab 79.6 c 85.3 bc *** **** ns 

Total Phenolic Content (mg GAE 100 

g-1 FW) 
171.1 b 175.7 ab 183.6 ab 188.8 a ** **** *** 
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Total anthocyanin content (mg PG-3-

glu 100 g-1 FW) 
21.0 b 24.5 a 21.8 b 21.2 b ** ** * 

Antioxidant capacity (mg TE 100 g-1 

FW) 
164.4 b 194.9 a 176.2 ab 198.5 a * ns ns 

Sensorial attributes (Score)        

Aroma 3.7 ns 3.2 ns 3.6 ns 3.1 ns ns **** ns 

Color intensity  3.7 ns 3.7 ns 3.8 ns 3.6 ns ns **** ns 

Homogeneity 3.9 ns 4.0 ns 3.7 ns 3.8 ns ns **** ns 

Freshness 3.7 ns 3.4 ns 3.5 ns 3.1 ns ns **** ns 

Sweetness 3.1 ns 3.2 ns 3.2 ns 3.0 ns ns **** ns 

Acidity 2.7 ns 2.9 ns 3.0 ns 2.9 ns ns **** ns 

Off-odor 1.6 ns 1.7 ns 1.7 ns 2.2 ns ns **** ns 

Off-Flavor 1.1 c 1.9 ab 1.6 b 2.0 a **** **** * 

Microbiological count (Log CFU g-

1) 
       

Aerobic mesophilic bacteria 3.5 b 3.8 ab 3.7 ab 3.9 a ** **** *** 

Psychrophilic bacteria 2.2 c 4.0 a 3.4 b 4.1 a **** ns 
***

* 

Yeast & molds  3.8 b 3.7 b 4.0 b 4.4 a *** *** *** 
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Effect of packaging conditions on gas composition 

 

Gas concentrations within a sealed plastic package headspace change due to food 

metabolism, microbial respiration, and permeability of the packaging material (Simpson 

et al., 2009). Initially the gas composition was 5% O2 and 13% CO2 in active MAP and 

air in the passive treatments in both PP/EVOH and PP/PA packaging materials. The 

effect of packaging condition on O2 and CO2 evolution of fresh-blended strawberry 

purees packaged in active and passive MAP in PP/EVOH or PP/PA during 12 days’ 

storage at 5°C is shown in Figure 4.1. The initial CO2 concentration in the active 

packages changed by approximately 50% just after 2 days of storage regardless of the 

packaging material and presumably reached the equilibrium levels. These trends were 

maintained throughout time and, at the end of storage 5.5 and 5.6% of CO2 were 

measured in PP/EVOH and PP/PA active samples, respectively. On the other hand, level 

of O2 remained constant around 5% throughout storage time, showing that O2 

consumption was roughly equated by O2 entering the packages. In passive MAP this 

equilibrium was not reached up to the end of storage time. However, it was possible to 

notice that O2 percentage tended to decrease and, on the other hand, CO2 increased. In 

all probability, if time was allowed, a possible stationary phase of 5% O2 + 6% CO2 

concentration may be expected to be reach.  In general, the two packaging materials did 

not have a significant difference in terms of gas evolution.  
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Figure 4.1 Effect of packaging condition (PP/EVOH and PP/PA active (5% O2+13% 

CO2) and passive (air) MAP on O2 and CO2 gas composition (%) of fresh-blended 

‘Festival’ strawberry purees storage during 12 days at 5°C; mean values (n=3) and 

standard errors bars. 

 

As already reported, the recommended gas mixtures for extending shelf life of 

strawberries is approximately 5-10% O2 and 15-20% CO2 in nitrogen (Sandhya, 2010). 

Anyhow, strawberry purees show a reduced respiration rate if compared to whole fruits. 

For this reason, the application of an active MAP (using as starting concentrations 5% 

O2 and 13% CO2) to store these products should represent an advantage. Results of this 

work suggest that active condition allowed to preserve the optimal O2 concentration 

within the package up to the end of storage time. At the same time however, target of 

high CO2 maintenance throughout the entire storage period was not reached.  
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Effect of packaging condition on color and viscosity  

As already shown in Table 4.1, the packaging condition and storage time significantly 

affected the L*, a*, b*, Chroma, hue angle (h°), and the ∆E* values. Their interaction 

however did not have significant effects on any of the color parameters.  L* values of 

strawberry purees in PP/PA active packaging was the highest (Table 4.1), followed by 

active PP/EVOH packaged samples, and was significantly different from PP/PA passive 

and PP/EVOH passive packaging which exhibited lower L* values, indicating that 

passive atmosphere packaging was darkening the colour of strawberry purees probably 

due to high oxygen concentration (Figure 4.1) which may have gradually favoured 

oxidative browning. The characteristic red colour of strawberry represented by the a* 

value was highest in PP/PA active packaging and corresponding to L* value, lowest in 

PP/PA passive packaging treatment, however, b* values showed no significant 

difference among the treatments. Consequently, hue angle and Chroma were highest in 

PP/PA active and the least in PP/PA passive packaging treatment. Low values in hue 

angle and Chroma in this case reflects loss of red colour and change of colour to reddish-

brown respectively during storage. Change in total colour variation values (ΔE*) were 

higher in PP/PA passive atmosphere, with least scores in PP/PA active and PP/EVOH 

active atmosphere storage. High changes in colour, low hue angle, saturation 

index/Chroma, a* value and L* passive atmosphere storage could due be to higher O2 

concentration, as the elimination of this gas during processing has been found to improve 

colour characteristics of strawberry purees (Al-Maiman, 1997). 

Evolution over storage time in L* and ∆E* values showed changes for all packaging 

conditions (data not shown). L* values of the purees showed a general decrease during 
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the first 2 days and increase afterwards. After 2 days of storage, the PP/PA active 

conditions showed a less noticeable reduction resulting in significant higher L* values 

compared to the rest of the treatments. In the PP/EVOH packages the average L* value 

reduced from 30 to approximately 27, without significant difference between active and 

passive MAP. After 6 days at 5°C, the L* value started to increase and the PP/PA active 

MAP continued to maintain a significantly higher L* value. After 12 days of storage, 

PP/PA passive had significantly lower L* value compared to the rest of treatments. The 

total color difference of strawberry purees (∆E*) increased during the first 6 days and 

was maintained afterwards, during storage for 12 days at 5°C. All samples showed a 

noticeable total color difference already after 2 days of storage, with maximum values 

in the PP/PA passive packages (∆E*=7). However, differences among treatments were 

statistically significant only after 6 days of storage. At the same time PP/PA active 

condition allowed to better retain the initial product color, having after six days the 

lowest ∆E* value. On the other hand, this difference was not to be seen anymore at the 

end of storage. 

In general, looking at color parameters it was possible to notice that storage in active 

PP/PA was the best condition for color attributes preservation of fresh purees. The 

samples presented in fact highest L* value, that meant the least browning occurrence in 

the product. A brighter and more saturated red color of active PP/PA samples was 

indicated by higher hue angle and Chroma values, respectively. Everything was 

confirmed by the significantly lower total color variation after 6 days of cold storage. 

The color changes of the purees were related to the gas evolution over time. As 

commonly known, elevated CO2 concentrations or reduced O2 in the active MAP 
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conditions limit color changes by delaying browning. According to Kader (2002b), CO2-

enriched atmospheres can have beneficial effects in delaying browning in some fresh-

cut fruits and vegetables while reduced oxygen concentration allows to avoid tissues 

oxidation and the resulting damage. As for the present work, difference in O2 percentage 

within the samples was even very high, as in passive MAP its level always were similar 

or slightly lower than the atmospheric composition, in the active MAP it was maintained 

at 5% and this limited oxidation preserving higher lightness and lower color variation. 

Packaging conditions, storage time and their interaction showed significant effects on 

viscosity of the fresh-blended strawberry purees during the storage time. Generally, 

samples in passive MAP presented significantly higher values, regardless of the 

packaging material, while samples in active MAP with PP/PA shows the lowest average 

viscosity (998.8 cP) (Table 4.1). Figure 4.2 shows viscosity evolution of fresh strawberry 

purees over time. During the first 6 days of storage, packaging in passive PP/EVOH 

resulted in higher viscosity values compared to the rest of the treatments while at the end 

of the storage, the highest value was found with the PP/PA passive (that ranged from 

827.5 of initial day to 1197.5 cP * 30 s-1). All active MAP packages showed significantly 

lower values, indicative of lower changes from the initial values and therefore better 

quality maintenance (Figure 4.2). Viscosity is an important parameter to be considered 

in puree production, since it influences consumer acceptance. It is related to the presence 

of pectolytic enzymes like pectin methyl esterase (PME) and polygalacturonase (PG) in 

the raw material among other factors. Generally, viscosity decreases during storage 

mainly due to inactivation of PME and PG enzymes during processing (Aguilo-Aguayo 

et al., 2009). However, oxygen percentage in the atmosphere surrounding the product 
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could negatively affect enzyme activity. Kanellis and Solomos (1985) observed that 

during the first days of storage air storage could inhibit PME activity leading to a higher 

viscosity determination if compared with low-O2 application.  
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Figure 4.2 Effect of packaging conditions (PP/EVOH and PP/PA active (5% O2+13% 

CO2) and passive (air) on viscosity of fresh-blended ‘Festival’ strawberry purees stored 

for 12 days at 5°C; mean value and standard errors (n=3); Means with different letters 

at the same storage time are significantly different according to Tukey’ s test (𝑃 

value≤0.05) and ns = no significance. 

 

Sensory attributes  

The sensory quality of strawberry is the result of a complex balance among sweetness, 

aroma, texture, and appearance (Jouquand et al., 2008). Storage time affected 

significantly all the sensorial attributes evaluated by panelists, while package conditions 

and its interaction with time showed significant effect only on off-flavor. This parameter 

was highly perceived for passive conditions.  It was moreover observed that active MAP 

samples had slightly higher aroma (score approximately equal to 3) and overall 

acceptance (score higher that 2.6) and low off-flavor compared to the PP/PA passive 

samples which induced off-flavor development probably due to microbial growth with 

the passive MAP samples (Figure 4.3).  It is important to notice that color differences as 

evaluated instrumentally, were not confirmed by panelists, as no differences were 
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observed in mean color score related to all sampling dates, nor there was any significant 

difference perceived among treatments at any given sampling time.  

 

Figure 4.3 Effect of packaging conditions (PP/EVOH and PP/PA active (5% O2+13% 

CO2) and passive (air) on off-flavor score of fresh-blended ‘Festival’ strawberry 

purees stored for 12 days at 5°C; mean value and standard errors (n=21); Means with 

different letters at the same storage time are significantly different according to Tukey’ 

s test (𝑃 value≤0.05) and ns = no significance. 

 

Total soluble solids, titratable acidity, pH-value and TSS/TA ratio 

Total soluble solid (TSS) was significantly influenced by treatment (P<0.001) and 

interaction of treatment and storage time (P < 0.05) but not by storage time. The effect 

of packaging conditions on TSS values of fresh-blended strawberry puree did not show 

a clear trend (see Table 4.1): samples in active PP/PA showed the highest mean values, 

significantly different from samples in active PP/EVOH and in passive PP/PA, but not 

from those in passive PP/EVOH. Trends of time confirmed this situation up to the end 

of storage (data non shown). Titratable acidity, pH, and TSS/TA ratio were not 

significantly affected by packaging conditions and by time of storage, nor by their 

interaction (see Table 4.1) although a slight increase in pH value was observed during 

storage at 5 °C. The average pH values ranged between 3.6 and 3.7 and TA was equal to 
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0.7 g citric acid 100 mL-1 juice. TSS/TA ratio was approximately 10.9-11.0 in the passive 

and active MAP samples, respectively. 

Vitamin C, total phenolic and anthocyanin contents and antioxidant capacity  

Strawberries are of great interest because they are a good source of bioactive compounds 

including vitamin C, anthocyanins and flavonols. Among fruits, they have one of the 

highest antioxidant activities (Cordenunsi et al., 2005). In the present study packaging 

condition, storage time, and their interaction significantly affected the ascorbic acid 

(AA) of fresh-blended strawberry purees, while the single factors showed an effect on 

both DHA and total vitamin C (Table 4.1). Looking at mean values for all sampling 

dates, treatment in active PP/PA showed the highest value in AA and the lowest value in 

DHA. On the other hand, the lowest value in AA and highest in DHA was observed in 

samples stored in passive PP/EVOH MAP conditions. Among other treatments, it is 

noticeable that samples in active PP/EVOH MAP showed a good content of AA 

(somewhat lower, but not statistically significant, from active PP/PA, but the highest 

level of the oxidized form DHA, and the highest level of the combined AA+DHA forms, 

indicated in Table 4.1 as total vitamin C. 

Trends over time for all packaging conditions are shown in Figure 4.4. After 2 days, 

almost 3-fold reduction of AA was observed; for instance, in passive PP/EVOH samples 

AA decreased up to 10.3 mg, starting from 26.3 mg 100 g-1 FW (Figure 4.4 A). 

Throughout storage the total AA of active MAP strawberries was less reduced when 

compared with passive MAP fruit, this indicating a beneficial effect of low oxygen and 

high carbon dioxide atmosphere application. Substantial depletion of vitamin C content 

has been found in fresh-cut strawberries through the storage time irrespective of the 
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initial in-package atmosphere (Odriozola-Serrano et al., 2010). The magnitude of the 

depletion in vitamin C may be related to the O2 concentration inside the packages 

(Soliva-Fortuny et al., 2002). In general, low O2 atmospheres reduce deterioration and 

losses of AA in fresh produce. Elevated CO2 atmospheres up to 10% also reduces AA 

losses, while higher CO2 concentrations can accelerate these losses (Kader, 2002b). 

Ascorbic acid reduction is mainly due to its oxidation into DHA (Agar et al., 1999) 

(Figure 4.4 B). The latter showed in fact an increasing behavior, almost similar for all 

samples. As a result, the total vitamin C (AA+DHA) increased after 2 days of storage 

(Figure 4.4 C) but it decreased after prolonged storage, mostly because of mechanical 

and thermal treatments. DHA represented the largest part of total vitamin C, as it was 

also found by other authors (Davey et al., 2000; Lee and Kader, 2000). Relatively higher 

AA retention was found with the active MAP and the oxidized form increase was found 

less consistent in PP/PA treatments, especially in active PP/PA MAP conditions. 

However, the amount of DHA produced in all samples was much higher than the amount 

of AA oxidized. In order to explain this trend in strawberry cultivars, some authors 

observed that DHA evolution during storage, when associated with ascorbic acid 

retention, can be taken as an evidence of an operative redox system (AA/DHA) acting 

during cold storage, and there seems to be no fruit-specific pattern of total AA or DHA 

accumulation, but a cultivar-specific one (Cordenunsi et al., 2005). 
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Figure 4.4 Effect of packaging condition (PP/EVOH and PP/PA active (5% O2+13% 

CO2) and passive (air) on (A) ascorbic acid (AA), (B) dehydroascorbic acid (DHA), 

and (C) total vitamin C (AA +DHA) of fresh-blended ‘Festival’ strawberry purees 

stored for 12 days at 5°C; mean values (n=3) and standard errors bars. Means with 

different letters at the same storage time are significantly different according to Tukey’ 

s test (𝑃 value≤0.05) and ns = no significance. 
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Packaging conditions, storage time and their interactions significantly affected (P<0.05) 

both total phenolic (TPC) and total anthocyanin contents (TAC) of the purees, whereas 

only packaging conditions had significant effect on antioxidant capacity (AC). With 

reference to all sampling times, lowest mean value of TPC is observed in samples stored 

in active PP/EVOH MAP conditions, while all other treatments did not show significant 

differences among each other, with fairly higher values in samples stored in PP/PA (see 

Table 4.1). 

The initial TPC of the purees was found to be 196.9 mg GAE 100 g-1 FW and after 2 

days, PP/EVOH passive had significantly higher TPC compared to other treatments 

while PP/PEVOH active and PP/PA passive conditions showed the lowest TPC values. 

After 6 days, samples packaged in the PP/PA films showed significantly higher TPC 

than the PP/EVOH films. The PP/EVOH active MAP showed relative lower values 

throughout the whole storage period. After 12 days of storage, however, the PP/PA 

passive presented the highest TPC although considerable high TPC was maintained in 

all the treatments (Figure 4.5 A). In fact, combination of gas used is also reported to 

prevent phenol losses in stored shredded carrots (Amanatidou et al., 2000) and 

strawberries (Bhat and Stamminger, 2015). In strawberries, concentration of some of the 

phenolics, and derivatives, is reported to be enhanced during storage but remained 

unaffected when CO2 was used as the storage atmosphere (Gil et al., 1997). This can 

partly support the present data on fresh-blended strawberry purees. On the other hand, 

high O2 availability in the packages headspace is reported to be related to stronger 

degradation of the main phenolic acids in fresh-cut pears than under oxygen-restrictive 

conditions (Oms-Oliu et al., 2008). The reduction of phenolic acids in fresh-cut 
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strawberries over storage time could be due not only to the O2 levels inside packages, 

but also to their conversion to flavonoids via the action of phenylalanine ammonio lyase 

activity (PAL) through the phenylpropanoid metabolism (Odriozola-Serrano et al., 

2010). 

Total anthocyanin content mean values related to all sampling times resulted to be 

significantly higher in passive PP/EVOH conditions compared to all other treatments 

(Table 4.1). Changes over time showed a slight increase in all treatments with passive 

PP/EVOH MAP samples always showing the highest value although not always 

statistically significant. No very clear relationship could be observed in this experiment 

between color and TAC changes. Only at second sampling time (6 days at 5 °C) both 

color and TAC showed most significant differences among treatments, without 

noticeable connection between these quality attributes (data not shown). The increase in 

anthocyanin content took place during storage, especially in air where metabolism is not 

affected as much as in CO2-enriched atmospheres (Gil et al., 1997).  

As it is shown in Table 4.1, highest antioxidant capacity was observed in passive MAP 

conditions, although only when packaged in PP/PA film mean value referred to all 

storage durations resulted statistically higher, while treatment in active PP/EVOH MAP 

showed the lowest value. The initial AC values for fresh strawberry purees was 188.0 

mg TE 100 g-1 FW. Throughout storage passive MAP samples always showed higher 

AC than those in active MAP, regardless of the packaging material. At the end of the 

storage time however differences among the treatments were not significant (Figure 4.5 

B).  In general, high antioxidant activities were maintained during the storage time. This 

probably can be attributed to the high content of TPC and DHA as both these components 
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are known to contribute to the antioxidant capacity. Similarly, Zheng et al. (2007) did 

not observe significant differences in AC values, total phenolics, total anthocyanins, or 

the individual phenolic compounds among high O2 and air-stored fruits after 14 days of 

storage, despite the role of TPC and vitamin C as antioxidant properties.  

 

Figure 4.5 Effect of packaging condition (PP/EVOH and PP/PA active (5% O2+13% 

CO2) and passive (air) on (A) total phenolic content (TPC), (B) antioxidant capacity 

(AC) of fresh-blended ‘Festival’ strawberry purees stored for 12 days at 5°Cmean 

values (n=3) and standard errors bars. Means with different letters at the same storage 

time are significantly different according to Tukey’ s test (𝑃 value≤0.05) and ns = no 

significance. 
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Microbiological analysis 

According to the specifications proposed by Regulation E.C. (No. 2073/2005), at the end 

of the shelf life the total aerobic mesophilic bacteria should not exceed 6 log CFU g-1 

(Nogales-Delgado et al., 2013). As reported in Table 4.1, treatment, storage and their 

interaction significantly (P<0.001) influenced the assessed microbiological load. In 

general, samples stored in active PP/EVOH MAP conditions showed the lowest count 

mean values referred to all sampling times, for all type of assayed microorganisms. On 

the other hand, samples in passive PP/PA conditions always showed the highest mean 

values. 

Evolution over time of microbial counts is presented in Figure 4.7. After 2 days of 

storage, no significant difference was observed among treatments for all microbial types. 

After 6 days however, microbial growth slightly decreased for all the treatments, but 

particularly visible in the case of active PP/EVOH samples. Whereas aerobic mesophilic 

bacteria were significantly lower compared to the other treatments. After 12 days at 5°C, 

purees stored in PP/PA passive condition showed an increased growth of aerobic 

mesophilic bacteria, although the count was still below 5 log CFU g-1 (Figure 4.6 A). 

Psychrophilic counts were detected below 4 log CFU g-1 throughout the first 6 days of 

storage. An increase in this bacterial group count was observed at the end of storage 

time, with samples packaged under passive conditions showing significantly higher 

psychrophilic loads, if compared with treatments under active MAP (Figure 4.6 B). 

Similarly, yeast and molds counts were not different among the treatments during the 

first 6 days while at the end of storage PP/PA passive samples showed significantly 

highest contamination compared to all other treatments (Figure 4.6 C). Among tested 
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packaging conditions (plastic materials and initial gas concentrations), the active 

PP/EVOH MAP seems to significantly inhibit the growth of aerobic mesophilic bacteria 

and yeast and molds. Although there was no significant difference in the CO2 

concentration at end of the storage, its inhibiting effect may have delayed further growth 

in the active MAP samples. It has also been reported that CO2-enriched atmospheres can 

be beneficial in delaying microbial growth on some fresh-cut fruits and vegetables 

(Zhang and Watkins, 1998; Kader, 2002b).  
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Figure 4.6 Effect of packaging condition (PP/EVOH or PP/PA) active and passive 

MAP on spoilage microbial counts (A) aerobic mesophilic, (B) psychrophilic, and (C) 

yeast & molds of strawberry purees stored for 12 days at 5°C; mean values (n=3) and 

standard errors bars. Means with different letters at the same storage time are 

significantly different according to Tukey’ s test (𝑃 value≤0.05) and ns = no 

significance. 
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Conclusions  

 
The results of the present study revealed that packaging conditions, storage time and 

their interaction significantly affected several physicochemical, nutritional quality 

attributes and microbiological counts of fresh-blended ‘Festival’ strawberry puree. 

However, while the tested films did not show large differences in the evolution of gas 

concentrations within the package in both passive and active conditions, it was possible 

to observe a beneficial effect of active MAP (5% O2 +13% CO2) using both PP/EVOH 

and PP/PA. This definitely had an influence on the quality attributes such as color, 

ascorbic acid and phenols and microbiological counts. The adopted active MAP 

conditions contributed to maintain gas levels within the target ranges only for oxygen, 

while CO2 levels tended to decrease and stabilize at about one half of the target. 

Anyhow, when oxygen concentration was maintained low and carbon dioxide was higher 

than in air effects on quality and microbial growth of fresh-blended strawberry purees 

could be observed.  

These packaging conditions can therefore be used to store fresh-blended strawberry 

purees at 5°C minimizing losses of physicochemical, sensory and nutritional attributes, 

showing an inhibition of microbial growth compared to the passive MAP. Among the 

tested packaging materials PP/EVOH showed some advantages over PP/PA as it resulted 

in significantly lower microbial counts and no off-flavor development after 12 days of 

storage. Active MAP in PP/PEVOH can be applied to provide convenience to consumers 

and extend shelf life of fresh-blended strawberry purees without any chemical or thermal 

pretreatment of the product. 
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General Conclusions 

 

Strawberry as a fruit and its value added products are highly demanded in the market 

with consumer acceptance based on many factors of fundamental significance including 

color, flavor, nutritional content, organoleptic properties, antioxidant capacity etc. Fresh 

strawberry purees are one of the products that can be introduced as a ready- to- use item 

into the market with expectations of positive acceptance provided that nutritional, 

organoleptic and technological characteristics are suitably maintained. For the 

maintenance of optimum nutritional, organoleptic and technological aspects of fresh 

purees, they need to be minimally processed. Therefore, it is important to identify the 

factors that contribute towards the degradation of the nutritional and organoleptic 

attributes of added value food products prepared from strawberries. 

However, quality changes and its maintenance upon processing remained to be critical 

for ready-to-use fresh strawberry puree. Because most of the quality attributes such as 

color and vitamin C content start to change soon after blending. Furthermore, several 

others are prone to changes over time although can be influenced by several factors 

among which are the degree of damage during processing, cultivar, processing factors 

(time and temperature) and storage and packaging conditions, as well as their related 

changes in respiration rate and other physiological responses.  

Results of the present work revealed that critical aspects related to the development of 

fresh strawberry puree with high nutritional values, appealing organoleptic characteristic 

and suitable from technological point of view, with no chemical or thermal treatments 

were addressed. New and more convenience fresh puree was successfully developed 

from fresh strawberry fruits. 
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Based on this study, effects of increased respiration rate consequential from cell 

disintegration of wounded issue up to certain wounding degree (64 pieces cutting), could 

be minimized significantly at a higher wounding intensity (cutting into 128 pieces and 

chopped) in strawberry fruits. This resulted in significant increase in total phenolic 

content, dehydroascorbic acid, antioxidant capacity during storage time with no effects 

on total anthocyanin content, total phenolic content, pH value and sugar/acid ration.  

 

The quality of fresh strawberry puree as an emerging high convenience products like 

other fresh products is influenced by cultivar variation. Among the most important 

cultivars grown in Italy and surveyed for suitability in puree, ’Festival’ followed by ‘San 

Andreas’ had better color stability (lower total color difference (∆E*), higher total 

anthocyanin content), whiles ’Candonga’ had superior total phenolic content and 

antioxidant capacity besides other quality attributes assessed and hence proved to be 

appropriate for fresh-blended strawberry purees. 

In the minimal processing of strawberry purees, blending temperature significantly 

affected color, vitamin C, total anthocyanin contents and sensory attributes. Blending at 

5°C resulted in better color retention (lower ∆E*) and higher vitamin C content, aroma 

with a corresponding high overall rating scores after 8 days of storage at 5°C compared 

to blending at 21°C, though both had the same blending time of 90 s. Suggesting a 

blending time of 90 s at lower temperature (5°C) could be optimum for fresh quality 

strawberry purees. Modified atmosphere packaging (MAP) is a well-known technology 

used to enhance the shelf-life of fresh product during distribution the sales, through 

reduction respiration rate and inhibition of microbial growth. However, this technique is 
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effective when the composition of low oxygen and high carbon dioxide in packaging are 

well controlled or balanced. It was found that, active MAP (5% O2 +13% CO2) using 

PP/EVOH and PP/PA was better than passive MAP in the same materials for the storage 

of strawberry purees. They provided fresh-blended strawberry purees at 5°C without 

significant losses of physicochemical, sensory and nutritional attributes, showing an 

inhibition of microbial growth for 6 days. But active MAP in PP/EVOH had superior 

characteristics than active MAP in PP/PA due to its ability to significantly lower 

microbial counts with no off-flavor development even after 12 days of storage. 

Accordingly, for use in industry, active MAP in PP/EVOH could be recommended to 

provide convenience to consumers and extend shelf life of fresh-blended strawberry 

purees without any chemical or thermal pretreatment.  

As a final remark, high convenience fresh-blended strawberry puree can successfully be 

developed without significant losses of nutritional, organoleptic attributes for ready-to-

use with 100% fruit product puree. The influences of pre-harvest factors on quality and 

flavor profiles and non-thermal processing techniques should be considered for future 

studies. 
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