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Abstract 

 

Raspberries are known for their distinguished nutritional properties and flavor. This 

fruit is considered a high value added crop with potential both at the local and 

international markets. Their shelf life time is limited mainly by fungal decay (due to 

Rhizopus stolonifer, Penicillium expansum and Botrytis cinerea contaminations).  

The aim of this study was to increase storage time and improve quality of the raspberry 

fruit through the use of active biopolymer-based coatings. For the development of 

active biopolymer-based coatings,  bioactive compounds were incorporated. To do so, 

antimicrobial tests of different bioactive compounds at different concentrations and 

their mixtures were performed. The effectiveness of the developed coating, the 

surface properties and wettability were assessed and then the selected coatings were 

applied on raspberries and their shelf life parameters determined during storage. 

During minimum inhibitory concentration (MIC) tests, some of the tested bioactive 

compounds showed  inhibitory effects against Staphylococcus aureus, Escherichia coli, 

Candida krusei, Yarrowia lipolytica, P. expansum, B. cinerea and R. stolonifer. The 

surface tension of the raspberry was 36.11 mN/m, and its polar and dispersive 

component were 2.19 and 33.92 mN/m, respectively. The critical superficial tension 

of the raspberry fruit was 30.74 mN/m. The biopolymer-base coating composition that 

showed the best wettability values was composed by 0.4% of biopolymer and 0.15% of 

plasticizer. A second MIC test concluded that biopolymer-based coatings with the 

incorporation of bioactive compounds were more inhibitory against the studied 

microrganisms.  

The shelf life tests were performed for raspberries coated with biopolymer-based 

coatings with and without bioactive compounds and compared with uncoated 

raspberries, during a period of 8 days. The effect of the application of these coatings 

in fresh raspberry was assessed by the evaluation of: soluble solids content, colour 

change, weight loss, pH and titratable acidity, phenolics and anthocyanins content and  

microbiological growth during storage. No significant differences were found between 

the chromaticity coordinates, soluble solids, pH and titratable acidity for all the tested 

samples. The minimum weight loss was obtained in coated fruits when compared with 

uncoated raspberries. Raspberries treated with coating with bioactive compounds 

presented the highest concentration in anthocyanins. Microbiological tests had shown 

antifungal activity of the active coatings until 2 days of storage, where after 4 days 

only raspberries coated only one of the active coatings exhibited low fungal counts.  
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Sensory analysis showed no significant differences (p>0.05) for the raspberries with 

the coating with bioactive compounds when compared to uncoated raspberries. 

Resumo 

 
As framboesas são conhecidas pelas suas propriedades nutricionais e sabor distintos. 

Este fruto é considerado de elevado valor acrescentado com potencial nos mercados 

locais e internacionais. O seu tempo de prateleira é limitado principalmente por 

degradação fúngica (Rhizopus stolonifer, Penicillium expansum e Botrytis cinerea). O 

objetivo deste estudo era melhorar o tempo de armazenamento e qualidade da 

framboesa por meio da utilização de revestimentos com biopolímeros ativos. Para o 

desenvolvimento de revestimentos de biopolímeros ativos foram incorporados 

compostos bioativos. Para tal, testes antimicrobianos dos diferentes compostos 

bioativos, em diferentes concentrações e em combinação foram realizados. A eficácia 

dos revestimentos desenvolvidos, as propriedades de superfície da framboesa e a 

molhabilidade dos revestimentos foram avaliados. Os revestimentos selecionados 

foram então aplicados nos frutos e os seus parâmetros de shelf life determinados 

durante o armazenamento. Nos testes de concentração mínima inibitória (CMI), alguns 

dos compostos bioativos mostraram-se inibitórios para S. aureus, E. coli, C. krusei, Y. 

lipolytica, P. expansum, B. cinerea e R. Stolonifer. A tensão superficial da framboesa 

foi de 36,11 mN/m, e as suas componentes polar e dispersiva de 2,19 e 33,92 mN/m, 

respectivamente. A tensão superficial crítica da framboesa foi 30,74 mN/m. A 

composição do revestimento de base que otimiza a molhabilidade era constituida por 

0,4% de biopolímero e 0,15% plastificante. Um segundo teste CMI concluiu que os 

revestimentos bioativos eram mais inibitórios para os microrganismos anteriores. Os 

testes de tempo de prateleira foram realizados para as framboesas revestidas com o 

revestimento à base de biopolímero com e sem composto ativo e comparadas com as 

framboesas sem revestimento, durante um período de 8 dias. O efeito da aplicação 

destes revestimentos em framboesa foi avaliada através do controlo do conteúdo de 

sólidos solúveis, a alteração de cor, a variação da perda de peso, a evolução do pH e 

acidez titulável, o desenvolvimento da concentração de compostos fenólicos e 

antocianinas e o crescimento microbiológico. Não foram encontradas diferenças 

significativas entre as coordenadas cromáticas, nos sólidos solúveis, no pH e na acidez 

titulável para todas as amostras testadas. A menor perda de massa foi obtida em frutos 

revestidos quando comparado com os frutos sem revetimento. Framboesas com 

revestimentos bioativos apresentaram maior concentração em antocianinas. Os testes 
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microbiológicos mostraram actividade antifúngica dos revestimentos bioativos até 2 

dias de estudo em que após 4 dias apenas framboesas revestidas com a combinação 

dos compostos bioativos apresentaram baixas contagens de fungos. 

A análise sensorial mostrou que não existem diferenças significativas (p>0.05) das 

framboesas revestidas com compostos bioativos quando comparadas com as 

framboesas sem revestimento.  
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1. Introduction 

1.1. Project presentation and framework  

 

This project results from a collaboration between Improveat, Lda, Centre of Biological 

Engineering of University of Minho and Faculty of Engineering of University of Porto 

(FEUP). In this work, the development of a new edible coating for raspberries through 

the use of natural compounds was intended. 

 

Raspberry’s consumer demand is increasing due to the awareness that berries are a 

great source of desirable phytochemicals with disease prevention properties, low fat 

content, high antioxidant composition and great nutritional characteristics (Deighton, 

Brennan, et al.,2000; Sobekova, Thomsen, et al., 2013). 

 

Raspberries are a highly perishable fruit and very susceptible to mechanical injury 

during transportation and picking, water loss, molds and rots growing during storage 

(Adobati, Uboldi, et al., 2015). They are quite vulnerable to post-harvest modifications 

which shortens the shelf life time and limits long distance shipping. To overcome these 

problems, the fruits are often storage at a temperature close to 0 °C or with a 

combination of low temperatures and modified atmospheres. However, postharvest 

handling of small berries is frequently far from optimal conditions, especially in 

consumer households, where a deficient control of temperature affects the quality of 

the fruit (Kruger, Dietrich, et al., 2011).  

 

The need to develop active edible coatings for raspberries relies on the fact that if no 

protection is provided, fungal growth can occur within hours or days, and fruits cannot 

be consumed (Pavlath & Orts, 2009). 
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1.2. Presentation of the Company 

 

Improveat, Lda, a spin-off the University of Minho was first idealized in 2012 and in 

August of 2013 it arises from the idea of improving the food quality and safety.  

 

This company is located in two facilities: research and development department is 

situated in Center of Biological Engineering at the University of Minho, Braga, while 

the industrial scale production is placed in AvePark, Technology and Science Park, 

Guimarães (Figure 1). 

 

 

 

 

 

 

 

 

 

Improveat is the result of the initiative of 5 researchers of University of Minho that, 

that during their post-graduate studies, managed to give shape and structure to this 

start-up company, where their seek to bring the innovative technologies developed 

during their research into the food market. 

 

The top products produced by this company are the BioCheeseCoat, BioFruitCoat and 

the BioNutriCoat. These products are intended to increase foods shelf life and enhance 

their safety by avoiding unwanted contamination. Moreover, the company provides 

other specific research services in coating development and encapsulation 

technologies to their clients. 

 

Currently, Improveat is a spin-off composed by 5 researchers and 1 intern. 

 

 

 

Figure 1. Aerial view of Improveat, Lda. – AvePark, Technology and Science Park. 
(Source: https://www.google.pt/maps) 
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1.3. Research aims 

 

The main objective of this thesis was the development and optimization of edible 

coatings for raspberries, through the use of natural antimicrobial compounds, so that 

raspberries shelf life is extended and wider markets are achieved. 

 

To achieve the objectives, the work  was performed according to the following agenda: 

1. Microbiological tests to achieve the minimum inhibitory concentration (MIC) of 

bioactive compounds and to define which compounds will be used in edible 

coating solutions; 

2. Optimization of the coating formulation for raspberries through wettability 

assessment; 

3. Determination of the final solution through MIC testing, by incorporation in the 

coating of the previously selected antimicrobial compounds; 

4. Shelf life evaluation of coated and uncoated raspberries; 

5. Sensorial analysis to assess consumer perceptible differences between coated 

and uncoated raspberries. 

 

1.4. Thesis outline 

 

The thesis is organized in five chapters. In this chapter the project presentation and 

framework, brief presentation of the company and the thesis outline are described. 

 

Chapter 2 presents raspberry fruit importance in the global food market and the main 

issues associated with their post-harvest. Also an overview on the utilization of natural 

sources as materials for the production of edible coatings is presented. 

 

Chapter 3 is the technical description of the materials and methodologies used in the 

developed work. 

 

In Chapter 4 the results and their discussion are presented.  

 

Chapter 5 presents the overall conclusions, recommendations and guidelines for future 

work.  
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2. State of the art 

2.1. Raspberries 

 

2.1.1. Taxonomy and morphology 

 

Raspberries are non-climacteric and highly perishable fruits. Due to its nutritional 

properties,  raspberry is considered a high value added food product with great 

commercial potential both at the local, national and international markets. 

 

According to taxonomy, raspberries belong to Rosaceae family, Rubus genus, 

Idaeobatus subgenus, grown as a perennial crop. Raspberries are most abundant in the 

Northern Hemisphere and the temperate and subtropical region of eastern Asia is 

thought to have the most raspberries species diversity. However, despite all this 

diversity, the red and black raspberries, Rubus idaeus L. and Rubus occidentalis 

respectively, are the most produced (Sousa, Canet, et al., 2007). Rubus idaeus L. is 

the most common specie consumed in Europe. Annually, a Summer-bearing and a Fall-

bearing crops are produced. 

  

From a morphological perspective, raspberry is an aggregate of many drupelets or 

drupes and a hollow center where the fruit detaches from the conical receptacle. 

These drupelets are united by tiny hairs named trichomes (Figure 2) to form one berry. 

The raspberry trees are self-fertile, however cross-pollination with other varieties 

contributes to the increase of production quality and variety (Almeida, 2012). 

Raspberries are known for their distinct pleasant aroma, low fat content, high 

antioxidant composition and great nutritional characteristics that offer significant 

health benefits  (Deighton, Brennan, et al.,2000;  S. Y. Wang & Lin, 2000). Many 

bioactive compounds, such as anthocyanins, present in the berries have shown great 

Figure 2. Raspberry external (a) and internal (b) morphology. 
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antioxidant, anticancer, anti-mutagenic, antimicrobial, anti-inflammatory, and anti-

neurodegenerative properties (Nile & Park, 2014).  

 

Raspberries are quite susceptible to mechanical damage during transportation and 

harvesting, water loss and molds growing during storage. For these reasons, the shelf 

life of red raspberries after harvesting is limited to few days, usually for 3 to 5 days, 

and only a minor percentage of these fruits can be consumed fresh (Adobati, Uboldi, 

et al., 2015).  

 

2.1.2. Raspberries market 

 

Raspberry world production has been increasing about 94% over the past two decades 

and it keeps growing (Figure 3). They are essentially cultivated in temperate regions 

in Europe, Asia and North America (Deighton, Brennan, et al.,2000) and the main 

producers in 2013 were Russia Federation, Poland, United States of America, Serbia 

and Mexico (FAOSTATS, 2013). Most of Russian raspberries are consumed internally so 

the country’s influence on the global market is very limited, while Serbia is a strong 

competitor in the European market. Estimates shown that in 2010 over 98% of the 

Serbian raspberries were exported out to Germany, France, Belgium, Austria, and to 

the United Kingdom due to their competitive prices (influenced by low transportation, 

labor and land costs) (Agriculture, 2011). 

The United States of America and Europe are clearly the top consumers of raspberries, 

with Japan a distant third. In Europe, Germany is the largest consumer of fresh and 

frozen raspberries, followed by the United Kingdom and France (Agriculture, 2011). 

 

Some factors that have contributed to the growth of fresh berries in the fruit market 

include the awareness that these are a great source of phytochemicals with health 

benefits, their high quality, their availability all year-round thanks to developments of 

new technologies, especially in more convenient packaging (Sobekova, Thomsen, et 

al., 2013). 
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Figure 3. Raspberries world production from 1993 to 2013, in 106 Kg (FAOSTATS, 2013). 

 

Berries are considered to be high-valued specialty crops, which means that producers 

are capable of earning higher returns per unit of land than could be achieved in more 

traditional agricultural products (Sobekova, Thomsen, et al., 2013).However, since 

berries perishability limits long distance shipping, most traded raspberries need to be 

sold in frozen packs, which it will impair the quality of these fruits (Agriculture, 2011).  

 

Many storage techniques have been developed to achieve longer shipping distances 

and holding periods for fresh fruits and vegetables after harvest. Although current 

packaging materials protect food from mechanical injury, physical, chemical or 

microbiological activities, various authorities have estimated that, unfortunately, 25 

to 80% of harvested fresh fruits and vegetables are wasted during storage (Baldwin, 

1994). In Canada, it is estimated that up to 75% of fruit can be lost before they reach 

the retailer, due to ineffective processes, particularly those associated with picking, 

post harvest treatments and shipping (Gooch, Felfel, et al., 2010). 

 

Recently, a British study confirm that fruit losses represent over 43% of the total food 

waste which, economically, is translated in more than 21 million euros per year. Of 

these, raspberries wastage costs represent over 3 million euros to United Kingdom food 

industry that represents 4.6% losses in sales (Incpen, 2013).  
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2.1.3. Maturation-phase and post-harvest fruit modifications 

 

During raspberries growth, there is ongoing loss of the green color (chlorophylls) and 

the appearance of a pink color which, at the peak of maturation, increases and turns 

into red throughout the epidermis. The color of raspberry in fully maturation period 

results from anthocyanin synthesis and from pH influence in cell structures thereof 

(Bordonaba, 2010). Besides its antioxidant activity, anthocyanins are water-soluble 

pigments and characterized by turning red, blue and violet many plants and fruits 

(Verbeyst, Oey, et al., 2010).  

 

During maturation process, raspberries texture becomes less firm and solid, due to 

some enzymatic hydrolysis reactions which occur in macromolecules present in their 

matrix. Texture also strongly depends on the cell wall composition and the proportion 

of such constituents that can affect the structural integrity of the fruit (Van 

Buggenhout, Sila, et al., 2009). 

 

The raspberry fruit presents typically an acidic tang that is justified by the presence 

of organic acids in its composition. The low pH proves to be an important parameter 

because it retards the pathogenic bacteria growth, but is has no effects in the fungal 

contamination, since these microorganisms are able to grow in such conditions. S. Y. 

Wang, Chen, et al. (2009) referred that most relevant organic acids present in 

raspberries are citric and malic acid and their content may vary from 14 to 40 mg/g 

fresh weight and 1.7 to 4 mg/g fresh weight, respectively, according to fruit 

maturation stage.  

 

The balance between sweetness and acidity has strong influence in quality of most 

berries. Fructose, glucose, and sucrose were found to be the three major sugars in 

raspberries and residual sugars such as xylitol, sorbitol and xylose are also present 

(Makinen & Soderling, 1980). Astringency and bitterness are associated to the presence 

of phenolic compounds (Kårlund, Moor, et al., 2014) which also highly influence the 

taste of berries. 

 

During post-harvest process, titratable acidity and total soluble solids content tend to 

decrease because organic reserves are utilized to obtain necessary energy and to 

maintain the metabolic activity associated to fruit ripening (Almeida, 2012). 
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Post-harvest quality of the fruits is determined by a variety of factors: physiological 

state of the fruit during harvest, climacteric and soil conditions, harvesting 

technology, handling and storage conditions (Almeida, 2012). 

 

However, it has been reported that raspberries storage life is limited mainly by fungal 

decay caused by grey mold rot (Botrytis cinerea), rhizopus rot (Rhizopus stolonifer) 

and penicillium rot (Penicillium expansum)(C. Y. Wang, 2003).  

 

Current raspberries post-harvest treatments involve a pre-cooling process (within 1 to 

2 hours after harvesting) that slows the berry’s respiration and decreases enzymatic 

activity that leads to softening. Also, by lowering the temperature, there is a delay on 

the growth of spoilage microorganisms. Modified atmosphere packaging is often used 

during shipment to retard ripening spoilage (Baldwin, 1994). Nevertheless, once this 

cooling process is broken, the ripening process is accelerated and the fruit shelf life is 

shortened. Additional packaging is frequently needed as well to enclose and protect 

the berries from mechanical damage and environmental contamination whilst allowing 

a convenient transportation.  

 

Edible coatings do not pretend to replace completely traditional packaging materials 

but intend to provide an additional protection in fresh food preservation. Therefore, 

edible coatings can be used to minimize food losses, reduce storage costs and improve 

the mechanical resistance of food products. On the other hand, their use can also 

decrease package waste, preventing environmental issues such as waste disposal, once 

conventional synthetic packaging materials became a huge ecological problem due to 

their non-biodegradability (Siracusa, Rocculi, et al., 2008). 

 

2.2. Edible coatings 

 

An edible coating is a thin layer of edible material formed as a coating on a food 

product. It is applied in the liquid form on the food, usually by brushing, spraying or 

immersing the product in a coating solution formed (McHugh, 2000).  

 

Although the use of these edible matrices in food products may seem new, food 

products were first covered in edible films and coatings many years ago. During the 

12th and 13th centuries, in China, oranges and lemons were dipped in wax to delay 

dehydration (Hardenburg, 1967). Indeed, such protection prevented water losses, but 
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the thick layer formed makesnatural gas exchange more difficult, resulting in lower 

quality products. Edible films and coatings have been used to prevent water loss and 

add shine to fruits and vegetables (Baldwin, 1994) but also as casings for sausages 

(Gennadios, Hanna, et al., 1997) and chocolate coatings for some nuts and fruits 

(Cagri, Ustunol, et al., 2004). 

 

Currently, all these types of packaging are legislated by authorities such the European 

Food Safety Authority (EFSA) and US Food and Drug Administration (FDA). However, to 

date, there is still  several limitations regarding to their use (Chapter 2.2.3) and more 

studies are needed. 

 

2.2.1. Materials for edible coatings production  

 

Edible coatings with desirable characteristics (e.g good wettability, consumer 

satisfactory optical properties and sensory acceptability) will depend mostly on the 

main material selected for their production and the type and concentration of 

additives used (e.g. plasticizers, cross-linking agents, antimicrobials or emulsifiers). 

Also, the conditions under which coatings are produced will influence edible coatings 

properties and efficiency (Falguera, Quintero, et al., 2011). 

 

Coatings can be produced from a great variety of edible materials such as: 

polysaccharides, proteins, resins and lipids (Cerqueira, 2010). In some cases, the 

addition of plasticizers and surfactants are needed to enhance flexibility and 

extensibility (Mchugh & Krochta, 1994).   

 

Polysaccharides and protein-based coatings exhibit excellent oxygen, carbon dioxide, 

and lipid-barrier properties, particularly at low relative humidity as well as great 

strength and structural integrity (Baldwin & Baker, 2002). Hydrophilic plasticizers are 

often incorporated into the film matrix to impart adequate flexibility of such coatings 

(Mchugh & Krochta, 1994)  . Polysaccharides that have been used to form edible 

coatings include starch and derivatives, cellulose and derivatives, chitosan, alginates, 

carrageenan, various plant and microbial gums, and pectinates (Lin & Zhao, 2007; 

Rinaudo, 2008). 

 

It becomes, then, necessary to test and select the coating solutions to be applied on 

fresh and/or minimally processed food, since different coatings formulation can lead 
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to different quality attributes of the foods as well as to different behaviours when is 

aimed to maintain and extend their storage time. 

 

An important parameter to chose an edible coating solution is its wettability, since it 

gives information if that coating will be able to uniformly spread and wet the food 

surface, and at the same time allows to control coating thickness and and durability 

(Ribeiro, Vicente, et al., 2007). 

 

Recently, natural biopolymer-based edible coatings have been studied for extending 

shelf life of some fresh berry fruits and raspberries. D. Zhang and Quantick (1998) 

tested the antifungal effect of chitosan coating in fresh strawberries and raspberries. 

Also Ribeiro, Vicente, et al. (2007) studied the effect of starch, carrageenan and 

chitosan coatings to extend the shelf life of strawberry More recently, Duan, Wu, et 

al. (2011) studied the effect of chitosan, caseinate and sucrose ester of fatty acids 

(SE) as edible coatings on the blueberries quality during storage where they conclude 

that chitosan-based coatings helped reduce the decay rate of blueberries, caseinate 

coatings presented delayed fruit ripening as evidenced by higher titratable acidity, 

lower pH, and greater firmness than control during storage  and SE decreased 

blueberries weight loss after 6 days,. 

 

2.2.2. Antimicrobial agents 

 

There are also some bioactive compounds that are added to edible coatings and films 

as food additives, such as anti-browning agents, antioxidants, flavors or colors that 

aim to improve shelf life paramenters of the food product (Rojas-Grau, Soliva-Fortuny, 

et al., 2009). Incorporation of nutraceutical compounds such as probiotics has recently 

raised great interest, (Mei & Zhao, 2003; S.I. Park & Zhao, 2004). 

 

Antimicrobial agents are, by far, the most interesting food additives to be incorporated 

in edible coatings since it is the most practical way to extend the microbial stability 

of some foods. They are intended to kill or inhibit the growth of pathogenic 

microorganisms that can spoil the food or threaten human health. However, direct 

application of such ingredients on the food surface has limited benefits because these 

substances can be neutralized or migrate from the surface into the food product, thus 

decreasing the antimicrobial effect (Min & Krochta, 2005). 
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A great number of antimicrobials can be incorporated into edible films and coatings 

for use on fruits, such as organic acids, fatty acid esters, polypeptides, plant essential 

oils, nitrites and sulphites (Table 1) (Franssen & Krochta, 2003). However, few studies 

on the addition of antimicrobials in raspberries have been reported.  

 

Table 1. Examples of antimicrobial agents used in edible coatings for fruits. 

Antimicrobials Fruit 

Concentration of 

the 

antimicrobial (%) 

References 

Potassium sorbate 

and citric acid 
Strawberry 0.2 (w/v) (Garcia, Martino, et al., 2001) 

Sorbic acid Tomato 0.4 (w/v) (Zhuang, Beuchat, et al. 1996) 

Cinnamon 

essential oil 
Apple 0.7 (v/v) 

(Raybaudi-Massilia, Rojas-Grau, et al., 

2008) 

Sucrose ester of 

fatty acid 
Apple 1.25 (w/v) (Smith & Stow, 1984) 

Malic acid 
Fresh-cut 

melon 
2.5 (w/v) 

(Raybaudi-Massilia, Mosqueda-Melgar et 

al., 2008) 

Mint essential oil 
Fresh-cut 

pineapple 
1.5 (v/v) (Bitencourt, Possas, et al., 2014) 

Potassium sorbate Strawberry 0.3 (w/v) (Park, Stan, et al., 2005) 

Cinnamon extract Banana 0.5 (w/v) (Win, Jitareerat, et al.2007) 

Grapefruit extract Grapes 0.6 (v/v) (Xu, Huang, et al., 2007) 

Eugenol Strawberry 0.20 (w/v) (Guerreiro, Gago, et al., 2015) 

 

 

2.2.2.1. Sucrose esters of fatty acids 

 

Sucrose esters of fatty acids, commonly known as sucrose esters are a unique range of 

high quality, nonionic emulsifiers. Some of them have been used as surfactants in 

soaps, plastics and plastic manufacturing. These emulsifiers and stabilizers are already 

commercially acceptable in the US, European Union and Australia & New Zealand 

market, being in Europe identified as the food additive E473. Fatty acids are also 
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recognized as nontoxic insecticidal, antitumor and antimicrobial agents for use in 

cosmetic, pharmaceutical and food industries (Zhao, Zhang, et al., 2015). 

 

Sucrose esters of fatty acids are obtained by esterifying one or more of the hydroxyl 

groups of the sucrose molecule with methyl fatty acids (Figure 4). By being synthesized 

from renewable resources, they are biodegradable and have broad applications in the 

food industry (Karlova, Polakova, et al., 2010). 

 

These food emulsifiers are generally classified by a specific HLB number, which is 

obtained by varying the degree of esterification of the sucrose unit. The HLB number 

is a numerical figure, ranging from 1 up to 16, which represents the balance between 

the hydrophilic and the lipophilic properties of the emulsifier. Thus, a low HLB number 

indicates a molecule with a high degree of hydrophobic character, while a high value 

expresses a structure with a strong hydrophilic nature (Nelen, Bax, et al., 2015; Van 

Ingen, 2015). HLB value is also closely related to the monoester content, i.e. the higher 

the monoester content, the higher the HLB value. The fatty acid chain length has a 

secondary effect on the emulsifying capacity where shorter is the fatty acid chain 

length higher is the HLB value (Nelen, Bax, et al., 2015). 

 

 

 

 

 

 

 

 

 

 

 

 

To date, the antimicrobial activity of sucrose esters is not well established. However, 

it is thought to be related with interaction of the esters with cell membranes of 

bacteria, causing autolysis (Tsuchido, Ahn, et al., 1987). Antimicrobial activity of sugar 

esters of fatty acids also depends on their chemical structure, nature of the sugar and 

degree of esterification (Zhao, Zhang, et al., 2015).A. Kato and Arima (1971) showed 

that diesters of sucrose appear to be more active than monoester forms. According to 

Figure 4. General structure of sucrose esters of fatty acids (Msagati, 2013). 
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other authors , the sucrose esters are bacteriostatic, inhibiting growth and preventing 

repair of heat-damaged spores (Tsuchido, Takano, et al., 1983) 

 

Zhao, Zhang, et al. (2015)assessed that among several fatty acids (lauric, capric, 

myristic, palmitic and stearic) and several saccharides (glucose, sucrose, maltose and 

fructose), sucrose monocaprate, followed by sucrose monolaurate, showed to be the 

sucrose esters with strongest antimicrobial activity against bacteria. Generally, Gram-

negative bacteria being less sensitive than Gram-positive bacteria, wich can be 

explained by the existence of an outer membrane in the cell wall of Gram-negative 

bacteria (Karlova, Polakova, et al., 2010; Zhao, Zhang, et al., 2015). Still, no data are 

available on the mechanism of inhibition of fungal growth by sucrose esters of fatty 

acids. Studies shown that sucrose laurate was the strongest antifungal lauric acid 

derivative against molds (Rihakova, Polakova, et al., 2001), while N. Kato (1981) found 

that sucrose monocaprate and sucrose monolaurate were slightly inhibitory against 

yeast. Machida (1990) showed inhibition of sucrose laurate against Candida spp. but 

no inhibition was exhibited by sucrose stearate and palmitate. The effectiveness of 

sucrose esters as antimicrobial agent is highly variable, but in general results shown 

that they have little activity against yeasts (Marshall & Bullerman, 1986), slight effects 

against molds and Gram-negative bacteria (Kato & Shibasaki, 1975; Marshall & 

Bullerman, 1986, and greatest effects against Gram-positive bacteria (Kato & 

Shibasaki, 1975).  

 

Current coatings with sucrose ester of fatty acids are commercially available under the 

name of SemperfreshTM (sucrose esters of fatty acids (60%), sodium carboxymethyl 

cellulose (26%), mono-diglycerides of fatty acids (14%)) and TAL Pro-LongTM (aqueous 

dispersion of sucrose esters of fatty acids and the sodium salt of 

carboxymethylcellulose) (Banks, 1984; Bayindirili, Sumnu, et al., 1995).  

 

2.2.2.2. Essential oils (EOs) 

 

Natural essential oils extracted from plants could be a potential alternative to 

chemical preservatives as decontaminating agents, since most of their active 

components possess a well-established wide spectrum of antimicrobial activity, against 

food pathogens and spoilage bacteria (Gutierrez, Barry-Ryan, et al., 2008). Also, 

essential oils have been demonstrated to present antibacterial, antiviral (Astani, 
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Reichling, et al., 2010), antimycotic (Oliva, Carezzano, et al., 2011), antiparasitic 

(Moon, Wilkinson, et al., 2006) and insecticidal properties (Ayvaz, Sagdic, et al., 2010).  

 

Essential oils (EOs) have been used in perfumes, pharmaceuticals and as flavoring 

agents in food and beverages. In fact, they are also potential natural food preservation 

agents (Oussalah, Caillet, et al., 2006). The antimicrobial mechanism of action of plant 

essential oils has been directly related to the action of volatile compounds such as 

phenolics and to the presence of an aromatic nucleus containing a polar functional 

group. Also, other factors, such as the hydrophilic/lipophilic balance, are thought to 

be involved. Thus the phenolic-OH groups that are very reactive and can easily form 

hydrogen bonds with the active sites of enzymes (Guynot, Marín, et al., 2005). Kalemba 

and Kunicka (2003) reported that the activity of essential oil components is, in order, 

higher for phenols, aldehydes, ketones, alcohols, ethers and hydrocarbons. Also, Burt 

(2004) stated that hydrophobicity is an important characteristic of essential oils, which 

makes them able to pass through cell membranes and enter mitochondria, disturbing 

the internal structures and becoming the membranes more permeable. Clove, oregano, 

mint, thyme and cinnamon EOs were proven to possess the strongest antimicrobial 

activity (Kalemba & Kunicka , 2003). Marino, Bersani, et al. (2001) showed that 

essential oils tend to be more bacteriostatic against Gram-positive than Gram-negative 

bacteria because peptidoglycan wall allows hydrophobic molecules (such as phenolic 

compounds) to easily penetrate the cells and act on both the cell wall and within the 

cytoplasm (Nazzaro, Fratianni, et al., 2013). 

 

The application of EOs in foods is still limited because of their organoleptic influence 

on the food properties, their variable composition, and their interaction with food 

components, which may affect their activity (Gutierrez, Barry-Ryan, et al., 2008). 

 

 

Thyme essential oil 

 

The essential oil of thyme (Thymus Spp) is obtained from the leaves and flowering tops 

by steam distillation method. Its principal constituents include 20‑ 40% thymol and 

carvacrol, but also borneol, cineol, linalool, menthone, β‑ cymene, pinene and 

triterpenic acid are presented (Thosar, 2013).  
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The therapeutic potential of thyme extract is mainly due to its constitution in 

flavonoids, thymol and aliphatic phenols (Dorman & Deans, 2000). In fact, studies show 

that thymol has a significant impact on the membrane permeability since it has been 

showed to cause loss of membrane potential, cellular uptake of ethidium bromide, and 

leakage of potassium ions, ATP, and carboxyfluorescein (Hyldgaard, Mygind, et al., 

2012).  

 

Nzeako (2006) showed that thyme and clove oil essential oils have antimicrobial 

activity against Staphylococcus aureus and Escherichia coli at various concentrations 

of the extracts, while in other studies it has been showed that thyme oil inhibits 

Rhizopus stolonifer, Candida krusei, Botrytis cinerea and Penicillium expansum growth 

(Marandi, Hassani, et al., 2011; Plotto, 2002; Pozzatti, Scheid et al., 2008). 

 

Incorporation of thyme essential oil constituents in edible coatings has already been 

used to improve strawberry fruit storability (Amal, El-Mogy, Aboul-Anean, & Alsanius, 

2010; Hosseini, Razavi, & Mousavi, 2009). 

 

Cinnamon essential oil 

 

Cinnamon is a worldwide known spice and it is obtained from the inner bark of trees 

from the genus Cinnamomum, a tropical evergreen plant that has two main varieties; 

Cinnamomum zeylanicum and Cinnamomum aromaticum. Cinnamon essential oils 

distilled from the bark, leaf, and root barks vary significantly in chemical composition, 

which suggests that they might vary in their pharmacological effectiveness as well (Q. 

Shen, Chen, & Luo, 2002). Different parts of the plant possess a similar array of 

hydrocarbons in varying proportions, being the main constituents cinnamaldehyde 

(bark), eugenol (leaf) and camphor (root) (Gruenwald, Freder, & Armbruester, 2010). 

 

Gill and Holley (2004) showed that eugenol and cinnamaldehyde antimicrobial activity 

was mainly due to an inhibition on energy generation, where the possible mechanisms 

for such event could be explained by inhibition of glucose uptake or utilization of 

glucose and effects on membrane permeability. Results showed that bacterial cell 

morphology, membrane integrity, and permeability are damaged 

when E. coli and S. aureus cells are exposed to the minimum inhibitory concentrations 

of cinnamaldehyde (0.31 mg/mL) (S. X. Shen, et al., 2015). Moreover, Cinnamomum 

zeylanicum essential oil exhibited antifungal activity against Penicillium expansum, 
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Botrytis cinerea, Candida krusei and Rhizopus stolonifer (Pozzatti, Scheid, et al., 

2008; Tzortzakis, 2009). 

 

Recently, the effect of the incorporation of cinnamon essential oil and its constituents 

in an edible coating formulation was studied by several authors. Espitia, et al. (2012) 

studied the antimicrobial activity of sachets containing cinnamon essential oil in 

papaya, while Guerreiro, Gago, et al. (2015) studied the effect of eugenol in alginate- 

and pectin-based polymers in raspberries. Furthermore, Hosseini, Razavi, et al. (2009) 

studied the antibacterial, physical and mechanical properties of alginate coatings with 

cinnamon EO. 

 

Several aspects must be considered when developing an antimicrobial edible coating, 

including the properties of the food product, the coating itself and the effectiveness 

of the antimicrobial agents incorporated, thus, preliminary tests should be carried out 

in order to evaluate the antimicrobial efficacy of a compound incorporated into an 

edible film matrix before its application on the surface of a fresh food product. 

 

2.2.3. Legislation on edible coatings components 

 

Regulatory authorities from different geographic economical regions present several 

restrictions to the use of certain components in edible coatings, i.e., regarding to the 

maximum quantity allowed and to which food product they can be added. Also, the 

addition of preservatives to food through edible coatings demands regulation on 

analytical methodology, labeling and purity requirements.  

Regarding food additives, FDA has published a Food Additives Status List available on 

their official webpage where there are listed all food additives allowed in the US, their 

restrictions of use, technical effects and regulatory status (FDA, 2014). The 

development and commercialization process of new edible coatings, especially on 

fresh fruits, involves the acquisition of Generally Regarded as Safe status (GRAS status) 

by FDA. By presenting GRAS status, essential oils can be used ("Substances Generally 

Recognized As Safe," 2015). However, sucrose esters of fatty acids have special 

restrictions: they can be used as components of protective coatings if only applied to 

fresh apples, avocados, bananas, banana plantains, limes, melons (honeydew and 

cantaloupe), papaya, peaches, pears, pineapples, and plums, at a permitted range 

from 0.0056 to 0.0083% (code 21 CFR 172.859). Thus, their incorporation in edible 

coatings for raspberries is still not allowed in this market. 
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EU regulation on food additives also lists their maximum concentration and the type 

of foods in which  such additive is allowed to be applied (EU, 2011). EFSA allows 

essential oils in fruits only if these have been processed beforehand (Regulation EU No 

872/2012). On the other hand, only sucrose esters of fatty acids are permitted for the 

treatment of whole fresh fruits surface. Thus, there is an opportunity in introducing 

new formulations of edible coatings in the European market for raspberries.  

 

Additionally, ANVISA (Agência Nacional de Vigilância Sanitária, Brazil) has also 

regulated food additives (Resolução da Diretoria Colegiada no. 8). To each food 

subcategory, it is listed every possible additive that can be used, as well as its function 

in the food product and maximum concentration allowed. The introduction of edible 

coatings for fresh whole fruits is somewhat easier than in Europe because a list of some 

possible additives renders the selection and development process slightly wider, which 

makes the Brazilian market a potential alternative to be explored. ANVISA allows 

essential oils (except tonquin beans, sassafras and sabina essential oils) but they must 

meet at least the identity and purity requirements and other relevant specifications 

to be regarded towards food type and/or flavoring (Regulamento Técnico sobre 

Aditivos Aromatizantes, Resolução RDC 02/2007). Moreover, Brazilian authorities 

permit sucrose esters of fatty acids as long as their concentration does not exceed 0.01 

g/mL. 
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3. Materials and methods 

3.1. Sucrose esters of fatty acids 

 

Powder samples of sucrose esters (SP70-C, SP50, SP30) were supplied by Sisterna B.V. 

(Rosendaal, The Netherlands). Liquid sample of sucrose ester (LWA-1570) was provided 

by Mitsubishi-Kagaku Foods Corporation (Tokyo, Japan). Chemical properties of sucrose 

esters of fatty acids samples are presented in Table 2. 

 

Table 2. Sucrose esters of fatty acids samples chemical properties according to 

manufacturer description. 

Sucrose 

esters of 

fatty acids 

HLB 
Chemical 

name 

Monoesters 

content 
Purity Appearance  Solubility 

SP70-C 6 
Sucrose 

distearate 
30% ≥ 90 % Powder 

Ethanol, water, 

glycerol 

SP50 11 
Sucrose 

monostearate 
50% ≥ 90 % Powder 

Ethanol, partially 

in water and 

glycerol 

SP30 15 
Sucrose 

monostearate 
70% ≥ 90 % Powder 

Ethanol, water, 

glycerol 

LWA-1570 15 
Sucrose 

monolaurate 
70% 

40% 

(4% ethanol) 
Liquid 

Ethanol, water, 

glycerol 

 

For sucrose esters, preliminary tests were performed to select the most adequate one 

(based on solubility and stability of the solutions) to use in the microbiologic assays 

(Annex A).  

 

3.2. Essential oils 

 

Thyme (Thymus zygis L.) and cinnamon (Cinnamomum zeylanicum) essential oils 

samples (100% pure) were provided by Natural Concepts Lda (Guimarães, Portugal). 

The composition of essential oils are presented in Table 3.  

 

 

http://cosmetics.specialchem.com/supplier/mitsubishi-kagaku-foods
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Table 3. Essential oils composition according to manufacturer description. 

C
in

n
a
m

o
n
 e

ss
e
n
ti

a
l 
o
il
 Component Quantity (%) 

Cinnamaldehyde 60-75 

β-cinnamyl acetate ≤18 

β-phellandrene ≤11 

Caryophyllene ≤9 

Eugenol ≤7.5 

T
h
y
m

e
 e

ss
e
n
ti

a
l 
o
il
 

Thymol 49.8 

para-cimene 18.6 

γ-terpinene 8.9 

Carvacrol 2.1 

 

 

3.3. Minimum inhibitory concentration (MIC) 

 

The minimal inhibitory concentration (MIC) is defined as the lowest antimicrobial 

concentration in the media resulting in the lack of visible microorganism growth 

changes. The MIC study was conducted for cinnamon and thyme essential oils and for 

sucrose monolaurate LWA-1570. 

 

MIC tests were performed for Staphylococcus aureus ATCC25923, Escherichia coli BL21, 

Candida krusei ICTC3341, Yarrowia lipolytica, Penicillium expansum, Botrytis cinerea 

and Rhizopus stolonifer. Fungi were provided by University of Minho mycology 

collection, Microbiology and Fermentation Laboratories (Braga, Portugal).  

 

3.3.1. Bacterial cultures 

 

S. aureus was growth in Muller-Hinton Broth 2 agar (MHB2, Fluka analytical) agar while 

E.coli was inoculated in Lysogeny Broth (LB, Difco, Belgium) agar for 24 h at 37±1 °C. 

After 24 h of incubation, bacterial suspension was diluted with sterile phosphate 

buffered saline solution, for the broth microdilution and agar diffusion tests, to 

108 CFU/mL (adjusted turbidity= McFarland standard 0.5). For the microdilution 

method additional dilutions were performed in MHB2 to obtain 106 CFU/mL. 
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MIC for thyme and cinnamon essential oils was tested according to M7-A7 NCCLS 

procedure NCCLS (2006). Pure samples were diluted in sterile water to achieve 80 

mg/mL concentration stock solutions. Microdilutions with MHB 2 were performed in a 

96-well ELISA plate. Nine serial dilutions with concentrations of 40, 20, 10, 5, 2.5, 

1.25, 0.6, 0.3 and 0.15 mg/mL were analyzed with spectrophotometer (620 nm) after 

24h of aerobic incubation at 37±1 °C. The results were achieved through a calibration 

curve CFU/mL vs optical density measurements (𝑦 = 1010𝑥 − 109,  𝑅2 = 0.971;  𝑦 = 7 ×

109𝑥 − 4 × 108, 𝑅2 = 0.994). 

 

The antimicrobial activity of the liquid sucrose ester of fatty acids (SE) was achieved 

with the drop diffusion method (Hili, Evans, et al., 1997). Thus, for bacterial growth, 

Muller Hinton 2 agar was used and about 20 mL of sterilized agar was poured into 

sterile petri dishes (100 x 15 mm). After solidification, cultures were spread on the 

respective plates with a sterile cotton swab. A stock solution of 80 mg/mL was 

prepared with distilled water. Samples were then prepared to achieve concentrations 

of 40, 20, 10, 5, 2.5, 1.25, 0.6 and 0.3 mg/mL and 10 µL of different concentrations 

of samples were, as well, pipetted carefully into the agar in separate areas of the petri 

dish. Negative control experiments comprising 4% ethanol were set up. 

 

The plates were incubated at 37±1°C for 24 h for bacterial pathogens, under aerobic 

conditions. The diameter of the inhibition zone (mm) was measured through a ruler. 

Tests were performed in duplicates and average values were recorded. 

 

3.3.2. Mold and and yeast cultures 

 

Concerning fungal cultures, they were grown in Potato dextrose agar (PDA, BDH 

Prolabo Chemicals) aerobically at 25±1 °C, during 24 h for R .stolonifer and 48 h for 

P. expansum and B. cinerea. C. krusei and Y. lipolytica were incubated at 30±1°C for 

24 h in Yeast Peptone Dextrose agar (YPD, 1% Yeast extract, 2% Peptone, 2% Dextrose, 

1.5% Agar). For agar diffusion tests, suspension was diluted with sterile peptone water 

buffered solution to 104 CFU/mL (adjusted turbidity = McFarland standard 0.5). 

 

After finding a reliable technique for bacterial strains, mold cultures were tested using 

the drop diffusion method. Yeast Extract Peptone Dextrose Agar was used for the 

growth of yeast cultures and Potato Dextrose Agar was used for fungal species growth.  



33 
 

 

The plates were incubated at 30±1 °C for 24 h for yeast cultures and at 28±1 °C for 

24 h to 48 h for fungal pathogens, under aerobic conditions. The diameter of the 

inhibition zone (mm) was measured. Tests were performed in duplicate and average 

values were recorded. 

 

3.4. Fruit surface characterization 

 

Characterization of solid material surfaces plays a vital role in research and product 

development. According to Zisman (1964), in systems having a surface tension lower 

than 100 mN/m (low-energy surfaces), the contact angle formed by a drop of liquid on 

the solid surface will be a linear function of the surface tension of the liquid, γLV (were 

phase V is saturated air with the vapor of liquid, L).  

 

The contact angle is defined as the angle (θ) formed by the intersection of the liquid-

solid interface and the liquid-vapor interface, thus, the contact angle of a liquid drop 

on an ideal solid surface is defined by the mechanical equilibrium of the drop under 

the action of three interfacial tensions: liquid-vapor (γLV), solid-vapor (γSV), and solid-

liquid (γSL). This equilibrium relationship is known as Young’s equation (Yuan & Lee, 

2013): 

 

cos 𝜃  =  
γSV−γSL

γLV
  (1) 

 

Plotting a graph cos θ versus γLV, the critical surface tension value of wetting process 

can be determined by extrapolation of the linear curve to cos θ = 1. The γC is defined 

as the γLV value of a liquid, below which the wetting of the liquid in a given solid 

surface is complete (θ = 0°).  

 

According to Kaelble (1970), the surface tension of the liquid can be separated 

according to the interactions between their molecules. Such interactions are of two 

types: polar (γL
p) and dispersive (γL

d): 

 

𝛾𝐿 = 𝛾 𝐿
𝑑  +  𝛾𝐿 

𝑝
  (2)  

 

𝛾𝑆 = 𝛾 𝑆
𝑑  + 𝛾𝑆 

𝑝
 (3) 
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Where γS
p and γS

d are the polar and dispersive contributions of the surface of the 

studied solid, respectively. Given a pure liquid, for which the surface tension and its 

polar and dispersive contributions are known, if θ is the contact angle between the 

liquid and some solid, the interaction can be described in terms of the reversible work 

of adhesion, WA, as: 

 

𝑊𝐴 = 𝑊𝐴
𝑑 + 𝑊𝐴

𝑝
 ⇔  𝑊𝐴 = 2 ⋅ (√𝛾𝑆

𝑑 + 𝛾𝐿
𝑑 + √𝛾𝑆

𝑝
+ 𝛾𝐿

𝑝
)  (4) 

 

Combining Eq. 4 with Eq.1 and 6 yields: 

1+cos 𝜃

2
∙  

𝛾𝐿

√𝛾𝐿
𝑑

= √𝛾𝑆
𝑝

∙ √
𝛾𝐿

𝑝

𝛾𝐿
𝑑 + √𝛾𝑆

𝑑 (5) 

Once experimental data are plotted in a graph of 1 + cos 𝜃 /2/𝛾𝐿/√𝛾𝐿
𝑑  versus √𝛾L

p
/𝛾L

d, 

it is possible to obtain the values γS
p and γS

d, which, in turn, the total surface tension 

of the fruit is achieved. 

 

For raspberries contact angles were determined with a contact angle meter OCA 20 

(Dataphysics, Alemanha) using four standard solutions: bromonaphthalene (Merck, 

Germany), formamide (Merck, Germany), toluene (Merck, Germany) and ultra pure 

water, measured by the sessile drop method using Young-Laplace approximation. 

Critical surface tension was obtained by extrapolation from the Zisman plot (Zisman, 

1964). 

 

3.5. Coating solution selection 

 

As previously mentioned, the effectiveness of protective edible coatings in fruit 

depends mainly on the wettability control of the coating solutions, which, in turn, will 

affects the coating thickness (H. J. Park, 1999). Indeed, edible coating formulations 

should spread uniformly on the surface of the fruit and present adequate adhesion and 

cohesion. 

 

Therefore, the wettability of a solid by a liquid is determined by the balance between 

adhesive forces (adhesion coefficient WA, equation 6) of the liquid and solid and the 

cohesive forces (cohesion coefficient, WC, equation 7) of the liquid: while adhesive 
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forces cause the liquid spreading over the solid surface, the cohesive forces cause the 

fluid to contract. 

 

𝑊𝐴 = 𝛾𝐿𝑉 + 𝛾𝑆𝑉 − 𝛾𝑆𝐿  (6)   𝑊𝑐 = 2 . 𝛾𝐿𝑉  (7) 
 

Although the Young's equation is very useful in the wetting balance description, it is 

sometimes necessary to define another term that indicates whether the 

thermodynamic point of view of a given solid-liquid system will be wetting (θ = 0°) or 

non-wetting (θ > 0°). This term is called spreading coefficient or wettability (We) and 

it is given by equation 8. In short, the spreading coefficient represents the ability of a 

given liquid to spread on a solid surface, being zero the maximum value that can be 

obtained for this coefficient. 

 
𝑊𝑒 = 𝑊𝐴 − 𝑊𝐶 =  𝛾𝑆𝑉 − 𝛾𝐿𝑉 − 𝛾𝑆𝐿  (8) 

 
The determination of the wettability of a coating is critical in the optimization of their 

formulation and in order to ensure the desired performance. To obtain this parameter, 

it is necessary to determine the contact angle of the coating on raspberry surface and 

the liquid-vapour tension of the coating. For that, different compositions of the coating 

solutions were tested (Table 4). These coating solutions were stirred with distilled 

water,heated at 70°C for 1 hour and cooled down at room temperature for 30 min 

 

Table 4. Composition of base coating solutions (biopolymer and plasticizer) that were 
provided by IMPROVEAT, Lda. company. 
 

 

 

 

 

 

 

 

 

 

 

 

 

Solution Biopolymer (%, m/v) Plasticizer (%, v/v) 

A.1 0.6 0 

A.2 0.6 0.15 

A.3 0.6 0.3 

B.1 0.4 0 

B.2 0.4 0.15 

B.3 0.4 0.3 

C.1 0.2 0 

C.2 0.2 0.15 

C.3 0.2 0.3 
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3.5.1. Contact angles 

 

Contact angles (θ) were measured through the sessile drop method (Newman & Kwok, 

1999) in which a droplet of the tested liquid was placed on a horizontal surface and 

observed with a face contact angle meter. 2 µL coating solution samples where taken 

with a 500 µL syringe (Hamilton, Switzerland) in order to determine the drop shape, 

using computer-aided image processing. To avoid changes on the raspberry surface, 

measurements were made in less than 2 s. At least 20 measurements of the contact 

angle at the raspberry surface were performed. Measurements were performed at 20 

± 1°C.  

 

3.5.2. Liquid-vapor tension 

 

The liquid–vapor surface tension (γLV) of the coating solution was measured by the du-

Noüy ring method (du Nouy, 1919), using a tensiometer (Krüss GmbH, Germany). 2 mL 

of the coating were added to a watch-glass and at least 10 replicates were performed. 

Measurements were performed at 20 ± 1°C.  

 

 

3.6. Shelf life testing 

 

32 individual polyethylene terephthalate boxes of red raspberries (Rubus idaeus, 125 g 

each) were provided by a local fruit store ‘Pomar Verde’ (Braga, Portugal), where all 

untreated fruits were harvested 24 hours prior to the tests. Raspberries that did not 

present visual damages and differences were chosen for the tests. 

 

4 essays were performed: raspberries with biopolymer-based coating (B) solution, 

raspberries with B solution and 2% of sucrose esters of fatty acids (B+SE), raspberries 

with B solution, 2% of SE and 0.5% of cinnamon essential oil (B+SE+EO) and uncoated 

raspberries (C). The coatings were applied with spraying method. 

 

For each assay, 8 different shelf life parameters were evaluated: weight loss, color 

change, titratable acidity, pH, total soluble solids, microbiological essays and 

anthocyanins and total phenolics content. These tests were performed 24 h after 

harvest (day 0) and at 1, 2, 4, 6 and 8 days of storage. The fruits were storage in a 



37 
 

cold room at 4±1 °C and 100% RH in individual boxes. At each day of analysis a different 

box for each essay was randomly chosen for the tests. 

 

For color change, pH, titratable acidity, total soluble solids anthocyanins and phenolics 

content determinations, 2 homogenates of raspberries were obtained by hand grinding 

12 fruits in a blender bag, per assay. 

 

3.6.1. Weight loss 

 

For each essay, 9 fruits (distributed in 3 cups) were used to measure the weight loss. 

The results were expressed as percentage loss of initial weight, according to the 

equation 9. 

% 𝑤𝑒𝑖𝑔ℎ𝑡 𝑙𝑜𝑠𝑠 =
𝑚1−𝑚2

𝑚1
× 100 (9) 

 
Where m1 is the initial sample weight (day 0) and m2 is the sample weight at different 

storage days. 

 

3.6.2. Color change 

 

The color of raspberries was measured using a colorimeter (model CR-300, Konica 

Minolta Inc., Japan), calibrated to a white reflective plate (L*= 97.93, a*= −0.34, b*= 

2.27, standard illumination C). For different homogenates, 5 replicates were recorded. 

 

L* represents color lightness, where the 0 and 100 values means black and white, 

respectively. The a* scale indicates in the maximum the red color (+a*) and in the 

minimum the green color (−a*) while the b* axis ranges from yellow (+b*) to blue (−b*) 

colors. The values of a* and b* are near zero for neutral colours and increase as the 

colour becomes more chromatic and/or saturated. The hue or tone of redness (h) and 

color saturation or chroma (C*) were calculated as equations 10 and 11, respectively: 

 
h=arctan(b*/a*) (10) 

 
 

𝐶 ∗= √(𝑎 ∗2 +  𝑏 ∗2) (11) 
 

These equations  were described to measure the color change in food products (Kruger, 

Dietrich, et al., 2011). A low hue value indicates a color change from red to blue. An 
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increase in the chroma value represents a highly saturated and intense color while a 

low value stands for dimmed colors. 

 

3.6.3. Titratable acidity and pH measurement 

 

Homogenates obtained for color measurements were used to assess titratable acidity 

and pH values. The pH was measured in a potentiometer. Titratable acidity was 

determined according to Garcia, Martino, et al. (1998). Briefly, for each homogenate, 

a 5 g aliquot was added to 50 mL distilled water. As a highly colored solution, it was 

centrifuged at 4,000 g for 10 min in a 1 SIGMA 4K15 centrifuge. The supernatant was 

then titrated with 0.1 M NaOH (Panreac, Spain) to an end point of pH 8.1 as described 

in 942.15 AOAC method (AOAC, 1998). Titratable acidity was calculated according to 

equation 12 and expressed as milliequivalents of citric acid per 100 g of fruit. Two 

replicates of each sample essay were measured for each storage time. 

 

  𝑚𝑒𝑞𝑐𝑖𝑡𝑟𝑖𝑐 𝑎𝑐𝑖𝑑/100𝑔𝑓𝑟𝑢𝑖𝑡  =
𝑉𝑜𝑙𝑢𝑚𝑒𝑁𝑎𝑂𝐻 ×𝑀𝑁𝑎𝑂𝐻×𝑀𝐹𝑐𝑖𝑡𝑟𝑖𝑐 𝑎𝑐𝑖𝑑

𝑊𝑓𝑟𝑢𝑖𝑡
 (12) 

 

Where MNaOH is the molarity of NaOH, Wfruit is the weight of the fruit sample and MFcitric 

acid is the milliequivalent factor of citric acid (0.064). 

 

3.6.4. Anthocyanins content 

 

For the pigment extraction, the method described by Giovanelli, Limbo, et al. (2014) 

was followed. For each homogenate, 5 g aliquots were added into 15 mL of acidic 

methanol (HCl 1%, v/v). Extracts were stirred in the dark for 1 h and then centrifuged 

for 10 min in a 1 SIGMA 4K15 centrifuge (11 000 g at 10 °C). Pellets were extracted 2 

more times, using 15 and 10 mL of methanol, stirred 15 min in the dark and centrifuged 

in the conditions above mentioned. The extracts were made up to 50 mL with acidic 

methanol.  

 

Anthocyanins content was determined according to the Wrolstad method (Giusti & 

Wrolstad, 2001). A wavelength screening of the supernatant was obtained to assess the 

wavelength that corresponds to the maximum absorbance of the sample in a 

spectrophotometer. Anthocyanin content was calculated using equation 13 and 

assuming a pathlength of 1 cm (Giusti & Wrolstad., 2001). 
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  mg C𝑦𝑎𝑛𝑖𝑑𝑖𝑛⎼3⎼𝑔𝑙𝑢𝑐𝑜𝑠𝑖𝑑𝑒/100 𝑚𝑔𝐹𝑟𝑒𝑠ℎ 𝑤𝑒𝑖𝑔ℎ𝑡   =  
𝐴 ×𝑀𝑊 ×1000

𝜀×1
×

100

𝑚
 (13) 

 

Where, ε is the molar absorptivity (εcyanidin-3-glucoside= 34,300 L/(mol.cm)), MW is the 

molecular weight of cyaniding-3-glucoside (MWcyanidin-3-glucoside= 484.8 g/mol), m is the 

mass of the sample used (g) and A is the absorbance of the sample, which, in turn, is 

calculated according to equation 14: 

 

 𝐴 =  (𝐴λvis−max – 𝐴700)pH 1.0 – (𝐴λvis−max – 𝐴700)pH 4.5 (14) 

 

Where Aλvis-max is the absorbance value at the wavelength of maximum absorbance of 

the sample and A700 is the absorbance value measured at a wavelength of 700 nm. 

 

3.6.5. Total phenolics content 

 

Total phenolics were determined on the same methanolic extract obtained for 

anthocyanin content determinations. Using gallic acid as reference, total phenolics 

were determined on the extract by the Folin–Ciocalteau colorimetric method 

(Singleton & Rossi, 1965) adapted to a 96-well microplate (Ballesteros, Teixeira, et 

al., 2013). For the assay, 5 µL of the sample was mixed with 60 µL of sodium carbonate 

solution at 7.5% (w/v) and 15 µL of Folin–Ciocalteu reagent (Sigma-Aldrich, USA). 

Subsequently, 200 µL of distilled water was added and the solution was mixed. 

Thereafter, the sample was heated at 60 ºC for 5 min and allowed to cool at room 

temperature. The absorbance was then measured by means of a spectrophotometric 

microplate reader (Synergy HTX, Biotek, USA) set at 700 nm. A calibration curve was 

made from gallic acid (Sigma-Aldrich, USA) standard solutions (from 9.375 to 300 mg/L) 

(Annex D) and the blank was prepared with acidic methanol (1% HCl). The total content 

of phenolic compounds was expressed as milligram gallic acid equivalent per ml of 

extract (mg GAE/L).  

 

3.6.6. Total soluble solids 

 

To determine total soluble solids, 2 g aliquots of each homogenate previously obtained 

were centrifuged at 2310 g for 10 min, as described by Garcia, Martino, et al. (1998). 

Total soluble solids of the supernatant were measured with a GPR 12-70 refractometer 
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(Index Instruments, UK) following the 932.12 AOAC method (AOAC, 1980). Total soluble 

solids were expressed in °Brix and measure in duplicate.  

 

 

3.6.7. Microbiological tests 

 

Microbiological analysis was performed as described by Guimaraes, Menezes, et al. 

(2013), with some modifications. A sample of approximately 20 g was aseptically 

collected and transferred to a shaker with 180 ml of sterile 0.1% peptone water. From 

the stock solution, a serial dilutions was prepared in with 0.1% peptone water. 6 

dilutions (10-2, 10-3, 10-4, 10-5, 10-6 and 10-7) were performed in duplicate. 

 

To detect the presence of fungal species, each extract was inoculated on Rose Bengal 

Chloramphenicol (RBC, Panreac AppliChem) agar plates and incubated for 48h at 28 

°C. For psychrotrophic aerobic counts, each extract was inoculated on plate count agar 

(PCA, Merck, Germany), and incubated for 24h at 36 °C, as described by Guimaraes, 

Menezes, et al. (2013). 

 

Microbiological load (CFU/mL) was calculated according to equation 15: 

 

 𝐶𝐹𝑈
𝑚𝐿⁄ =

∑ 𝑐𝑜𝑙𝑜𝑛𝑖𝑒𝑠  ×
1

𝐷𝐹

𝑠𝑎𝑚𝑝𝑙𝑒 𝑣𝑜𝑙𝑢𝑚𝑒
  (15) 

 
Where DF is the dilution factor. 

 

3.7. Sensorial analysis 

 

A triangular test was performed according to ISO 4120:2004 method. This describes a 

forced-choice procedure for determining whether a perceptible sensory difference or 

similarity exists between the different sample treatments. This method is applicable 

only if the products are fairly homogeneous (ISO, 2012). 

 

In this test, two types of samples’ presentation are possible: two A’s and one B or two 

B’s and one A. Each type of presentation should be performed the same number of 

times. Also a random coding must be assigned to the samples, in which, preferably, 

such coding varies from evaluator to evaluator to prevent influences (accidental or 

deliberate) between tasters (Noronha, 2003).  
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This sensorial analysis method is considered statistically effective, however it can be 

influenced by sensorial fatigue and memory effects. Usually, 20 to 40 panelists are 

required but it can be used with only 5 to 8 panelists with a reduced initial training 

(Noronha, 2003).  

 

To a panel of 13 untrained judges, 3 coded samples were presented. To each judge it 

was told that one sample was different from the others and it was asked to identify 

which one presented this difference.  

 

The taster is required to choose one of the samples, even if he/she cannot identify any 

difference between the samples proven (Noronha, 2003). Also it was asked  to specify 

the criteria used to identify the different sample (Taste, Aroma, Appearance or 

Texture) and to declare which one of the samples is preferred (Annex E).  

 

 

3.8 Statistical analysis 

 

The results are reported as averages and standard deviations of the measurements. 

The statistical analyses were carried out using analysis of variance, Tukey mean 

comparison test (p<0.05) and linear regression analysis (SigmaStat, trial version, 2003, 

USA). 
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4. Results and discussion 

 

4.2. Minimum inhibitory concentration 

4.2.1. Bacterial cultures 

 

MIC values are affected by the method of preparation and concentration of the 

inoculum, the test medium, the contact time and the method of determining the end-

point. Due to different interpretations of these variables, it is difficult to directly 

compare the results of various authors, and there is a strong need for a reliable 

standardized procedure for the evaluation of oils and sucrose esters which is applicable 

to a wide range of microorganisms (Griffin, Markham, et al., 2000). 

 

For essential oils, the results are presented in logarithmic graphs CFU/mL vs % 

antimicrobial concentration (Figures 5, 6, 7 and 8). They were obtained through a 

calibration curve for each one of the studied bacterial species. 
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Figure 5. Minimum inhibitory concentration of 
cinnamon essential oil on E. coli. 
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In Figure 5 and 6, cinnamon essential oil shows minimum inhibitory effect against 

E. coli and S. aureus at a concentration of 0.125%. For higher concentrations (>1%) of 

the EO, it seems to be visible some bacterial growth. However, these observations can 

be explained by the yellowish color of the EO which influence the obtained absorbance 

values for these concentrations. This visivel yellowish color was probably due to the 

interaction between the MH2 broth media and cinnamon essential oil. These minimum 

inhibitory concentrations obtained are similar with recent studies (Y. Zhang, Liu, et 

al., 2015), in which  a minimum bactericide concentration for E. coli and S. aureus of 

4.0 mg/mL and 2.0 mg/mL, respectively, was obtained. 

 

 

 

 

 

 

 

 

 

 

 

 

 

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0

L
o
g
1
0
(C

F
U

/m
L
 S

.a
u
re

u
s)

Cinnamon EO

0.0

2.0

4.0

6.0

8.0

10.0

12.0

L
o
g
1
0
(C

F
U

/m
L
 E

.c
o
li

)

Thyme EO

Figure 6. Minimum inhibitory concentration of 
cinnamon essential oil on S. aureus. 

Figure 7. Minimum inhibitory concentration of thyme 
essential oil on E. coli. 
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Thyme essential oil shows a minimum inhibitory concentration of 1% against E. coli, 

while for S. aureus, this essential oil seems to present a MIC of 0.5% (Figure 7 and 8). 

For a concentration of 4% for thyme EO, a purple color appeared in the well, probably 

due to an interaction between the media solution and the essential oil. This interfered 

with the absorbance analysis and therefore, originated inaccurate measurements. 

 

These results are in agreement with previous studies, where has been shown that 

Gram-negative bacteria are less affected than Gram-positive bacteria by essential oils 

(Marino, Bersani, et al., 2001). This can be explained by the presence of peptidoglycan 

wall better penetration of phenolic compounds and other hydrophobic molecules into 

the cells and affect particularly the membrane and cytoplasm. Also, their effect is 

dependent on the amount of the compound present: at low concentrations, they can 

interfere with enzymes involved in the production of energy, and at higher 

concentrations, they can denature proteins (Nazzaro, Fratianni, et al., 2013). 
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Figure 8. Minimum inhibitory concentration of 
thyme essential oil on S. aureus. 
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Table 5. Diameter of inhibition zone (mm) of sucrose ester of fatty acids against E. 
coli and S.aureus. 

Sucrose monolaurate 

 concentration (%, v/v) 
E.coli S.aureus 

4 - 11.75 

2 - 11.00 

1 - - 

0.5 - - 

0.25 - - 

0.125 - - 

0.06 - - 

0.03 - - 

0.015 - - 

 

SE (Table 5) did not show inhibitory activity against E. coli while a MIC of 2% was 

achieved for S. aureus, which supports recent studies that these surfactants are less 

effective against Gram-negative bacteria than Gram-positive species (Zhao, Zhang, et 

al., 2015).  

 

4.2.2. Mold and yeast cultures 

 

For Candida krusei and Yarrowia lipolytica species, the minimum inhibitory 

concentration (MIC) was found to be 1% for both EOs, however cinnamon EO presented 

a higher diameter than thyme (Annex B). Pozzatti, Scheid, et al. (2008) found MIC 

values for Candida spp. 10 times lower than these, which could be explained by 

differences in the solvent used for EOs. Sucrose ester had a significant impact on C. 

krusei, presenting a MIC of 0.03%, which corroborates previous results for glycerol 

monolaurate (Strandberg, Peterson, et al., 2010). However this surfactant did not 

shown any inhibitory effect on Y. lipolytica. 

 

Penicillium expansum has shown susceptibility to both EOs (with a MIC value of 1%). 

For cinnamon EO, the same result was achieved by Cvek, Markov, et al. (2010), while 

thyme EO results were 10 times higher than those obtained by Nguefack, et al. (2009). 

This disagreement may be due to differences in the EO purity, composition, extraction 

process and in the solvent used to dissolve the EOs, where they use ethanol 96% (1:9). 
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Moreover, for this mold specie, SE has presented antifungal activity at the highest 

concentration tested. 

 

Rizhopus stolonifer was susceptible to cinnamon and thyme EOs at concentrations of 

4% and 2%, respectively. These values are higher than those found on previous results, 

which may be explained by the differences in the extraction method and preparation 

of the EO samples (Camele, De Feo, et al., 2010). SE was more active against R. 

stolonifer than every other mold studied presenting a MIC value of 0.5%. 

 

MIC determination for Botrytis cinerea faced a few difficulties since this fungus did 

not present a regular growth where it could be possible to measure a inhibitory 

diameter. Thus, the results were qualitatively evaluated through visual observation 

(Table A1). Cinnamon lead to the complete inhibition (++) of this microorganism at 2% 

concentration, while thyme EO only inhibited partially (+) at 4% concentration. 

Cinnamon EO inhibition was previously studied where at a concentration of 1.56%, B. 

cinerea spore germination was inhibited (Wilson, Solar, et al., 1997). Vitoratos, Bilalis, 

et al. (2013) tested thyme EO against B. cinerea at a range of concentrations of 0⎼0.13 

µL/mL but no inhibition was found for this range, while et al. (2013) found an activity 

for this EO at a minimum concentration of 800 µL/mL. SE did not show an inhibitory 

effect on B. cinerea.  

 

Based on these results, sucrose monolaurate and cinnamon essential oil were used for 

further investigations. 

 

4.2. Raspberry surface tension and Critical surface tension 

 

As mentioned before, Zisman method is only valid in low-energy surfaces 

(i.e. <100 mN/m), thus, it is necessary to determine surface tension of the raspberries 

to assure applicability of this method.  

 

After determination of the contact angles (please find values in Annex C) of the four 

standard solutions on raspebby surface it was possible to obtain the surface tension 

value of the raspberry fruit. Contact angles measurements presented high variability 

due to raspberries surface irregularities (Figure 9). 
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The γS
p and γS

d values are achieved by plotting a graph  1 + cos 𝜃 /2/𝛾𝐿/√𝛾𝐿
𝑑   versus 

√𝛾L
p

/𝛾L
d, with data from Table 6.  

 

Table 6. Surface tension of the standard liquids and their polar and dispersive 
components, at a temperature of 20 °C. 

Compound γL (mN/m) γL
d (mN/m) γL

p (mN/m) 

Watera 72.10 19.90 52.20 

Bromonaphthalenea 44.40 44.40 0.00 

Formamidea 56.90 23.50 33.40 

Tolueneb 28.50 27.18 1.32 

a Adapted data from Busscher, van Pelt, et al. (1984).b Adapted data from Jańczuk and 

Białlopiotrowicz (1989) 

 

Adjusting the experimental data to a linear curve yields the following equation: 

1+cos 𝜃

2
∙  

𝛾𝐿

√𝛾𝐿
𝑑

= (−1.4805 ± 0.1529)√
𝛾L

p

𝛾L
d + (5.8237 ± 0.1546);  R2=0.7367  (14) 

 

Raspberry presents a surface tension of 36.11 mN/m, constituting a low-energy 

surface. The polar and dispersive components were 2.19 and 33.92 mN/m, 

respectively. Churaev and Sobolev (2007) reported that this type of surface interacts 

with liquids mainly by dispersion forces. This fact explains why drops of polar liquids 

were not absorbed after a short period. The low correlation coefficient could be 

Figure 9. Raspberry fruit surface. 
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explained by the high variability due to the raspberries surface irregularities. These 

could be also verified in Figure 10. 

 

 

Figure 10. Experimental data adjustment to a linear model, according to equation 5. 

 

Since the surface of the raspberry fruit is a low energy surface, it is possible to apply 

the Zisman plot to estimate the critical surface tension (Figure 11). 

 

 

Figure 11. Zisman plot for the raspberry fruit surface tested. 

 

The low correlation factor (R) suggests a weak linear relationship between the contact 

angle and surface tension. This could be once again explained by the difficulties in 

contact angles reading on the raspberry fruit surface. 

 

cos 𝜃 = (−0.0397 ±  0.0024)𝛾𝐿 + (2.2202 ±  0.1267) ; R2=0.8512   (15) 
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The variation of the contact angle for different liquids described by equation 15 is 

easily seen in Figure 12. 

Fruit surface characterization has been performed by previous authors (Cerqueira, 

Lima, et al., 2008; Ribeiro, et al., 2007). Table 7 shows the value of critical surface 

tension and solid surface tension and its components (polar and dispersive) obtained 

in this study and for other fruits described in the literature. 

 

Table 7. Examples of some fruits critical surface tensions, polar and dispersive 
components, and surface tensions. 

Fruit 

Critical 

surface 

tension 

(mN/m) 

Polar 

component 

(mN/m) 

Dispersive 

component 

(mN/m) 

Surface 

tension 

(mN/m) 

Reference 

Raspberry 30.74 2.19 33.92 36.11 This study 

Strawberry 18.80 5.95 22.99 28.94 
(Ribeiro, Vicente, 

et al., 2007) 

Mango 22.68 1.47 27.57 29.04 
(Cerqueira, Lima, 

et al., 2008) 

Acerola 9.39 4.35 23.59 27.94 
(Cerqueira, Lima, 

et al., 2008) 

Cajá 23.92 2.29 27.86 30.15 
(Cerqueira, Lima, 

et al., 2008) 

Pitanga 13.42 3.07 23.88 26.95 
(Cerqueira, Lima, 

et al., 2008) 

 

 

In this and in previous studies, the fruits presented a higher dispersive component, 

which shows a better predisposition of the fruit surface to interact in non-polar 

Figure 12. Screenshot of the contact angle in the raspberry fruit surface of a) water, 
b) formamide, c) bromonaphthalene, d) toluene. 
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coatings (Cerqueira, Lima, et al., 2008). Also, the values of critical superficial tension 

must be lower than the values of superficial tension of the solid, which was verified in 

in this study. 

 

 

4.3. Coating selection 

 

The selection of the coating formulation was based on the wettability properties and 

on the antimicrobial activity of the coating.  

4.3.1. Wettability, adhesion and cohesion coefficients 

 

Figure 13 presents the adhesion coefficient (Wa) values for tested coating formulations. 

Results showed that the increase of plasticizer concentration up to 0.15% leads to an 

increase of the Wa values for a 0.4% biopolymer-based coating, while for 

concentrations of 0.2% and 0.6% of biopolymer this coefficient remains constant at 

lower values (<30 mN/m). For higher values of plasticizer (i.e. 0.30%) the coating 

solutions with 0.60%, 0.4% and 0.2% of biopolymer presented 12% , 17% and 29% 

reduction of Wa values, respectively (p<0.05). 

 

The highest value of Wa was obtained for coating formulated by 0.15% of plasticizer 

and 0.4% of biopolymer. 

 

Figure 13. Values of adhesion coefficient (Wa) of the  coating solutions for increasing 
biopolymer and plasticizer concentrations (average value ± standard deviations, 
n=20). 
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Figure 14 represents the variation of cohesion coefficient (Wc) with different 

plasticizer and biopolymer concentrations. 

 

 

Figure 14. Values of cohesion coefficient (Wc) of the  coating solutions for increasing 
biopolymer and plasticizer concentrations (average value ± standard deviations, 
n=20). 

 

Results showed that for 0.6% of biopolymer the cohesion coefficient value tends to 

decrease with the increase of plasticizer concentrations. For the coating with 0.4% 

polymer, the Wc value increases for plasticizer concentration of a 0.15%, while for 

higher concentrations, Wc values remains constant. Wc values for the coatings with 

0.2% of biopolymer seems to increase for higher concentrations of plasticizer. 

 

These data are rather important since, adhesive forces promote the spreading of the 

solution on the solid surface, while the cohesive forces promote its contraction. A 

balance between these two forces will provide the most adequate coating solution, 

which is given by the determination of the wettability or spreading coefficient (We).  

 

Figure 15 presents the We values obtained for all solutions. As previously mentioned, 

this coefficient represents the ability of a given liquid to spread on a solid surface: the 

closer to zero, the more wettable is the coating solution. 
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Figure 15. Values of wettability coefficient (We) of the coating solutions for increasing 
biopolymer and plasticizer concentrations (average value ± standard deviations, 
n=20). 

 

Based on Table 4 nomenclature, the coating with 0.4% of biopolymer and 0.15% of 

plasticizer (B.2) was found to be statistically different (p<0.05) from all samples 

containing 0.6% biolpolymer and from all samples containing 0.3% of plasticizer. 

However, they did not statistically differ from samples C.1 and C.2. The sample C.1 

was discarded because it is generally advantageous to incorporate in the coating 

formulation a small percentage of plasticizer, since the addition of these compounds 

can improve edible coatings mechanical properties (Debeaufort & Voilley, 1995). 

Sample C.2 was pretered to B.2 because the first presented higher absolute values 

even if statistically they did not differ (p>0.05). 

For aforementioned reasons, the coating solution composed by 0.4% biopolymer and 

0.15% of plasticizerwas used for further tests. 

4.3.2. Antimicrobial tests 

 

Based on the previous MIC results and the selected coating formulation, the minimum 

inhibitory concentration was again used to evaluate the antimicrobial activity, but now 

of the coatings containing the bioactive compounds previously selected. SE and 

cinnamon EO at concentrations ranging between 0.5% and 4% were diluted in the 

selected coating solution. For most microorganisms, the MIC test was performed using 

drop agar diffusion method being the mean diameter values presented in mm. For B. 

cinerea, it was evaluated qualitatively, since a diameter value could not be visually 

measured. 
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*qualitative evaluation of antimicrobial activity of B.cinerea where ++, + and – mean 

complete inhibition, partial inhibition and no inhibition, respectively. 

 

The results show that for bacterial cultures, cinnamon essential oil had strong 

antimicrobial activity (0.5% MIC value). Similar results were obtained by Hosseini, 

Razavi, et al. (2009) and Raybaudi-Massilia, Mosqueda-Melgar, et al. (2008) for 

chitosan and alginate based films with 0.5% cinnamon essential oil. For pectin-based 

coatings with cinnamon leaf oil it was observed antibacterial activity against E. coli 

and S. aureus, in this case using a concentration of 3.6% (Ayala-Zavala, Silva-Espinoza, 

et al., 2013). Sucrose monolaurate was only inhibitory at a concentration of 4% for 

both bacterial species. 

 

For most of the studied molds, the essential oil has shown inhibitory activity at the 

lowest concentration tested (0.5%), except for B. cinerea (1%). This could mean that 

the coating solution could allow better solubilization of the essential oil due to an 

interaction of hydrophobic groups present in the biopolymer or in the plasticizer, 

enhancing its antimicrobial activity. 

 

SE showed to be effective against C. krusei, P. expansum, R. stolonifer and B. cinerea 

(MIC values of 0.5%, 2%, 1% and 4%, respectively), however this surfactant did not 

present activity against Y.lipolytica. Yaman and Bayindirh (2001) have showed that 

SemperfreshTM works in terms for moisture and oxygen/carbon dioxide control, but   its 

fungicide characteristics have not been proven. 

Table 8. Diameters of inhibition zone (mm) of different concentrations (%) of cinnamon essential 
oil (Cin) and sucrose ester of fatty acids (SE) incorporated in base coating solution for bacterial 
and fungal species. 

  

Concentratio

n (%,v/v) 
E. coli S. aureus C. krusei 

Y. 

lipolytica 
P. expansum R. stolonifer 

B. 

cinerea 

 Cin SE Cin SE Cin SE Cin SE Cin SE Cin SE Cin SE 

4  34.0 9.5 20.0 18.0 35.0 15.0 31.5 - 40.5 16.0 18.0 12.3 ++ + 

2 19.5 - 11.5 - 13.5 15.0 14.0 - 28.0 10.8 11.5 9.5 + - 

1 13.0 - 8.5 - 11.5 28.8 6.5 - 18.0 - 9.3 8.5 + - 

0.5 8.0 - 6.0 - 8.5 21.0 6.0 - 9.0 - 6.8 - - - 

Base coating - - - - - - - - - - - - - - 
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4.3.3. Evaluation of the wettability of the active coating solutions 

 

Two primary active coating solutions were prepared, one containing SE and other 

including cinnamon EO. Adhesion, cohesion and wettability coefficients were 

determined for different concentrations of sucrose monolaurate and cinnamon EO 

(Figures 16, 17 and 18, respectively). 

 

For all concentratios, the adhesion coefficient was higher in the coating solution 

containing sucrose monolaurate (p<0.05) (Figure 16). These values were, however, 

lower than those found for the previous base coating solutions studied. This could be 

explained by the influence of the apolar component of the antimicrobial agents in the 

apolar surface of the raspberry fruit. 

 

Figure 16. Adhesion coefficient (Wa) of coating solutions in function antimicrobial 
agent type and concentration, in percentage (average value ± standard deviations, 
n=20). 

 

Figure 17 shows that the cohesion coefficient values are lower for all SE concentrations 

in the coating solution (p<0.05). This could mean a better spreading of the sucrose 

monolaurate coating solution in the fruit surface as previously found in other studies 

(Ribeiro, Vicente, et al., 2007). Again, the cohesion coefficients were also lower than 

those found for base coating solutions. 
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Figure 17. Cohesion coefficient (Wc) of coating solutions in function antimicrobial 
agent type and concentration, in percentage (average value ± standard deviations, 
n=20). 

 

 

As expected by the balance of adhesion and cohesion forces of the previous results, 

wettability values were higher for the coating solution containing sucrose ester of fatty 

acids than for coatings that contain EO (Figure 18). Also, these spreading coefficient 

values were lower than the ones found for base coating formulations (which is desired). 

 

 

Figure 18. Wettability coefficient (We) of active coating solutions and the base coating 
solution in function antimicrobial agent type and concentration, in percentage 
(average value ± standard deviations, n=20). 
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The active coating solution formulation was prepared based on the previous 

antimicrobial tests, including in the coating formulation sucrose monolaurate (2%, v/v) 

and cinnamon essential oil (0.5%, w/v). For this active coating solution, adhesion, 

cohesion and wettability coefficients were determined in order to verify the influence 

of their mixture in the final properties (Figure 19). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The combination of the two antimicrobial agents seemed to decrease the wettability 

coefficient when compared to the previous tests, which indicate a good spreading of 

the solution on the raspberry fruit surface. 

 

 

4.4. Shelf life testing 

 

At this point, it was intended to determine the effect of the application of the different 

coatings on the raspberries, regarding to senescence delaying of the fruit and how 

significant were these differences when compared to the control. Thus, the evolution 

of some shelf life parameters were evaluated during the raspberry fruit storage.  
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Figure 19. Wettability (We), adhesion (Wa) and cohesion (Wc) coefficients of 
active coating solution with 2% v/v SE and 0.5% w/v cinnamon essential oil and 
coating solution (average value ± standard deviations, n=20). 
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4.4.1. Weight loss 

 

Raspberries weight loss is thought to be related to transpiration and respiration rates; 

i.e. the higher these values, more water the fruit will lose and, therefore, a higher 

weight loss value is observed (Van der Steen, Jacxsens, et al., 2002). 

 

 

 

 

 

 

 

 

 

 

The results obtained demonstrated an increase of weight loss for all the samples tested 

during the storage time (Figure 20). The highest weight loss verified was for the 

raspberries coated with 2% SE, being this difference more significant after 2 days of 

storage. Such results could be explained by sucrose monolaurate coating hygroscopic 

nature and, thus, to their ability to form a thin water layer in the fruit surface. 

Although, they present a favorable selectivity to oxygen and carbon dioxide, such 

coatings can be very permeable to water vapor, therefore increasing the weight loss 

percentage values (Baldwin, Nisperos-Carriedo, & Baker, 1995). Also, SemperfreshTM 

and sucrose esters of fatty acids-based coatings are described by previous authors as 

poor water barriers, serving mainly as a sacrificing agent, with water loss occurring 

from the coating first before the coated fruit tissue. Thus, the percentage of weight 

loss could represent mainly the loss of water in the sucrose ester coating instead in 

the actual raspberry fruit. 

  

Regarding to the base coating solution and antimicrobial coating solution containing 

cinnamon essential oil (0.5% w/v) and sucrose monolaurate (2% v/v) the weight loss 

percentages were lower than the control samples. This difference became more 
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Figure 20. Raspberry fruit weight loss with base formulation, B, (●), coating formulation 
with 2% (v/v) sucrose monolaurate, B+SE, (●), coating formulation with 2% (v/v) sucrose 
monolaurate and 0.5% (w/v) cinnamon essential oil, B+SE+EO, (●), and an uncoated 
raspberries, C, (●), during storage period. 
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significant after 4 days of storage time. Many studies revealed that the application of 

a polymer-based coating delays the migration of moisture from the fruit into the 

environment, thus reducing weight loss percentage when compared to the control 

group (Han, Zhao, et al., 2004; Nadim, Ahmadi, et al., 2015). In this case also the 

incorporation of a hydrophobic compound (EO) helps reducing the fruit weight loss 

when compared with the control and with the coating containing only SE. 

 

As future work, it is proposed the determination of the coatings permeability to 

oxygen, carbon dioxide and water vapor. The knowledge of these data is needed once 

it will allow a better understanding of the obtained results and will give the indication 

if it is need or not making changes in the coating formulation. 

 

4.4.2. Color change 

 

The study of the fruit color is a good indicator of its maturity state, thus it makes sense 

to control ripening process through the chromaticity coordinates, L*, a* and b*. Also 

the intensity of color, or chroma, and hue calculations are important parameters 

during color evaluation. 

 

In this study, it was verified that there were not significant differences in the L* and 

a*/b* parameters between coated and uncoated samples (Figures 21 and 22). It was 

noticed, however, a slight decrease in the lightness values in all samples during 

storage. Also, an increase in the a*/b* index proves the darkening observed during 

raspberries storage time, with a shift from light red to blue–red hue. These values are 

also in agreement with previous studies during a short storage period for different 

types of packed raspberries (Giovanelli, Limbo, et al., 2014). 
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Figure 21. Lightness variation, L*, in the raspberry fruit color coated with B solution 
(●), B+SE (●), B+SE+EO, (●), and  C, (●), during storage period (means ± standard 
deviations). 

 

 

Figure 22. Color index variation, a*/b*, in the raspberry fruit color coated with B 
formulation  (●), B+SE coating formulation (●), B+SE+EO coating formulation (●), and 
C raspberries (●), during storage period (means ± standard deviations). 

 

 

Additionally, the chroma and hue values were calculated (Figures 23 and 24). Until the 

second day of storage, the raspberries coated with base formulation have shown to be 

statistically different (p<0.05) from raspberries coated with B+SE+EO and the control 

samples. This could be explained by the poor spreading of the B solution (lower 

wettability values than those obtained for active coatings) in the raspberry fruit 

surface, where a brighter and more saturated color could be verified. Hue values did 

not shown significant differences between the samples whitin the same storage time. 
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Figure 23. Chroma variation in the raspberry fruit color coated with B formulation  
(●), B+SE coating formulation (●), B+SE+EO coating formulation (●), and C raspberries 
(●), during storage period (means ± standard deviations). 

 

 

It was noticed, however, a decrease in chroma and hue values during storage time, in 

which a more bluish, yet more dimmed, color of the fruit was observed. For different 

raspberries cultivars, it has been demonstrated that hue and chroma values also 

decreased with advanced ripening of the fruits (Kruger, Dietrich, et al., 2011). Also 

for uncoated and coated strawberries with thymol carried by gluten or soy, these color 

intensity parameters decreased after a short period of storage (Amal, El-Mogy, et al., 

2010). 

 

 

Figure 24. Hue variation in the raspberry fruit color coated with B formulation  (●), 
B+SE coating formulation (●), B+SE+EO coating formulation (●), and C raspberries (●), 
during storage period (means ± standard deviations). 
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A slight increase in lightness, chroma and hue values and a decrease in color index in 

the control sample after 6 days of storage could be due to a different stage of 

maturation of the fruits. This can be explaned by the fact that  even though the 

raspberries were harvested at the same time it does not mean they are all in the same 

degree of ripeness. Naturally, raspberries harvested at early stages could present 

lighter colors during the shelf life test. Thus, this point should not be considered as 

strongly relevant during this study. 

 

4.4.3. Anthocyanins content 

 

In previous studies it has been stated that some coating materials interact with the 

main pigment in raspberries, changing their color (Tezotto-Uliana, Fargoni, et al., 

2014). Color changes are very closely related to anthocyanins concentration in berries 

(Yoshida, Koyama, et al., 2002). 

 

 

Figure 25. Anthocyanins content evolution for raspberries coated with B (□), B+SE (∆), 
B+SE+EO (×), and uncoated raspberries C (◊), during storage period. 

 

In general, anthocyanins content increased during storage time for all raspberries 

(Figure 25). This overall increase could be related to the darker color that raspberries 

presented during storage time and also with the weight loss verified. Since this variable 

is expressed on a fresh weight basis, it is possible that a portion of the increase in 

anthocyanins content was due to water loss (Chiabrando & Giacalone, 2015). Also, a 

higher anthocyanin accumulation could be related to an advanced ripening process 

that biosynthesizes anthocyanin from glucose (Kim, Oh, et al., 2014). 
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The differences between assays were not significant until after 2 days of storage. At 

this point, raspberries coated with sucrose monolaurate and cinnamon EO coating 

formulation presented higher anthocyanins concentration, followed by control samples 

and sucrose ester coating solution. In the end of the shelf life test, raspberries coated 

with antimicrobial coatings presented the highest content in anthocyanins when 

compared with uncoated and raspberries coated with the base coating.  

 

Even though no references were found to studies of the variation of anthocyanins in 

raspberries coated with sucrose monolaurate or with cinnamon EO, Tezotto-Uliana, 

Fargoni, et al. (2014) studied the influence of chitosan coatings in the raspberries’ 

anthocyanins. In their studies, a relationship between color index and anthocyanins 

content was reported, where both parameters followed a similar ascending pattern. 

Amal, El-Mogy, et al. (2010) reported that thymol carried by soy and gluten edible 

coatings seemed to slow the increase in anthocyanins content in the strawberry fruit, 

as opposed to the observed in the present work for cinnamon EO. This difference may 

not be directly related to the presence of the EO, but to the sucrose ester of fatty acid 

incorporation. Yamauchi, Tokuhara, et al. (2008) found that the presence of sucrose 

laurate in some edible coatings influences fruit discoloration. 

 

4.4.4. Titratable acidity and pH 

 

Titratable acidity rapidly decreased after 2 days of storage time for coated and 

uncoated berries (Figure 26). After this period, the samples retained constant acidity 
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and in the end of the experiment another decrease was observed. No significant 

differences were verified between samples. 

 

 

Figure 26. Titratable acidity variation for raspberries coated with B (□), B+SE (∆), 
B+SE+EO (×), and uncoated raspberries, C (◊), during storage period. 

 

The decrease of titratable acidity was expected since in the natural ripening process 

of berries, respiration enzymatic reactions convert organic acids and starch into 

sugars(Duan, Wu, et al., 2011). A decrease in titratable acidity in coated raspberries 

and strawberries was also reported (Amal, El-Mogy, et al., 2010; Tezotto-Uliana, 

Fargoni, et al., 2014).  

 

Raspberries pH did not shown a regular variation with storage time and between 

samples (Figure 27). In the first day of storage, an increase in the pH value was 

verified, after which a slight decrease was observed. Only after 4 days of storage a 

constant pH was maintained. No significant differences between coated and uncoated 

samples were observed (p>0.05). 
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Figure 27. pH evolution for raspberries coated with B (●), B+SE (●), B+SE+EO (●), and 
uncoated raspberries C(●), during storage period. 

 

According to titratable acidity data, the pH theoretically should suffer an overall 

increase and maintenance in its value, since lower acidity percentage in the 

raspberries results in a higher pH value. However, variations in buffer capacity should 

be taken into account (Amerine & Ough, 1988). 

 

4.4.5. Total phenolics content 

 

Raspberry fruits are rich in phenolic compounds, such as anthocyanins, flavonols, 

ellagic acids, ellagitannins and isoflavones which together constitute the fruit strong 

antioxidant capacity (Kårlund, Moor, et al., 2014). Figure 28 shows the total phenolic 

content during storage, and in general, it was observed an increase in total phenolics 

content vaues for all assays. At the beginning of the experiment there was no 

difference between the samples (p>0.05). After 2 days of storage an overall increase 

in phenolic compounds content of all raspberries was observed until the end of the 

storage.  
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Figure 28. Total phenolics content for raspberries coated with B formulation  (●), 
B+SE coating formulation (●), B+SE+EO coating formulation (●), and C raspberries (●), 
during storage period (means ± standard deviations). 

 

The increase in phenolics content in chitosan coated berries was previously observed 

by Shiow Y. Wang and Gao (2013) where it has been shown that chitosan-treated fruits 

presented more phenolics than the control samples at the end of storage.  

 

4.4.6. Total soluble solids 

The soluble solids percentage did not vary significantly during storage time (Figure 29). 

According to Perkins-Veazie (1995) this content may vary between 4% and 11%, 

depending on the cultivar and environment during production.  

 

 

Figure 29. Total soluble solids variation for raspberries coated with B (□), B+SE (∆), 
B+SE+EO (×), and uncoated raspberries C (◊), during storage period. 
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If the fruit is not fully rippened, an increase in soluble solids content can happen due 

to a conversion of starch and acid to sugar. This metabolic process decreases titratable 

acidity values and increases pH and total soluble solids values (Duan, Wu, et al., 2011). 

However, for prolonged storage period, the fruit respiration process may be 

responsible for the decrease in soluble solids (Amal, El-Mogy, et al., 2010). 

 

4.4.7. Microbiological tests 

 

As mentioned before, food spoilage microorganisms are one of the main causes of 

raspberry fruit deterioration. Low bacterial counts were determined (<30 CFU/mL) for 

all samples and during the whole storage period, thus these results were not 

considered. Regarding to fungal species, significant changes were verified throughout 

the storage time (Figure 30). In the beginning of the test (days 0 and 1) there were no 

significant differences between the samples. After 2 days of storage, raspberries 

coated with B+SE and B+SE+EO presented lower fungal counts when compared to 

control and B samples, however, after 4th day of storage until the end of the 

experiment, only the raspberries coated with B+SE+EO maintained the lowest fungal 

contamination. This behavior is explained by the antimicrobial activity of EO. 

 

 

Figure 30. Growth of fungal species in raspberries coated with B (□), B+SE (∆), 
B+SE+EO (×), and uncoated raspberries C (◊), during storage period. 

 

Although it no studies regarding the effect of application of sucrose monolaurate and 

cinnamon EO coating solution in raspberries were found in the literature, it was 

previously reported that the incorporation of thymol in soy protein or gluten coatings 
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decreased fungal and bacterial growth in strawberries (Amal, El-Mogy, et al., 2010). 

Raybaudi-Massilia, Mosqueda-Melgar, et al. (2008) showed that cinnamon EO at 0.7% 

and eugenol at 0.5% were the antimicrobials more effective to inhibit the yeast and 

moulds growth in coated freshcut melon. Also, commercial sucrose ester of fatty acids 

coating, SemperfreshTM, resulted in a slightly increased fungal spoilage of cherry fruits 

(Yaman & Bayindirh, , 2001).  

 

4.5. Sensorial Analysis 

 

A triangle test can be considered a Bernoulli trial, since each experiment can lead to 

one of two possible results, “success” or “failure” (e.g. if the taster identified or not 

the different sample); the probability of each outcome is the same for all experiments, 

(e.g. the probability of the taster to randomly identify the different sample in a 

triangular test is always 1/3); and the results of each experiment are independent. 

If X represents the number of times that “success” occurs, during N Bernoulli 

experiments, then X follows a binomial distribution. The probability [p(x)] of X taken 

a certain value of x is given by the follow expression (16): 

 

𝑝(𝑥) =
𝑁!

𝑥!(𝑁−𝑥)!
 𝑝𝑥𝑞𝑁−𝑥 (16) 

 

Table 9 shows the probability of each event, i.e, of having a certain amount of correct 

answers, its accumulated probability and the p value for hypothesis test. 
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Table 9. Probability, accumulated probability and p-value for each number of correct 
answers for similar raspberries. 

Number of correct 

answers 
P(x) 

P(x) 

accumulated 
p-value 

0 0.005138 0.005138 99.486177 

1 0.033399 0.038537 96.146327 

2 0.100196 0.138732 86.126776 

3 0.183692 0.322424 67.757600 

4 0.229615 0.552039 44.796130 

5 0.206653 0.758692 24.130807 

6 0.137769 0.896461 10.353925 

7 0.068884 0.965345 3.465483 

8 0.025832 0.991177 0.882318 

9 0.007175 0.998352 0.164772 

10 0.001435 0.999787 0.021263 

11 0.000196 0.999983 0.001694 

12 0.000016 0.999999 0.000063 

13 0.000001 1 0 

 

 

 

The level of confidence for a decision was considered 5% and based on this a rule of 

decision had to be established. The null hypothesis, H0, for this case is that there is no 

significant difference between the samples. From these data, it can be said that the 

probability of having 0 to 7 correct answers is 0,965 or 96,535%, thus the probability 

of having 8 to 13 correct answers is 3.465%, which is lower than the p-value considered. 

Therefore, the null hypothesis cannot be accepted if for a certain sample the number 

of correct answers is higher than 7. Table 10 shows the number of correct answers for 

each set of coded samples and tasters’ preference concerning only correct answers of 

the perceived sets. 
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Table 10. Number of correct answers for each set of 3 digit-code sample and the 
tasters’preference. 

Code Sample Number of correct answers Preference 

963 SE-coated 

5 - 365 Uncoated 

236 Uncoated 

125 Uncoated 

9 
44% 

536 Uncoated 

586 Base-Coated 56% 

985 SE-EO-coated 

7 - 824 Uncoated 

263 Uncoated 

 

For raspberries coated with active coatings (SE and SE-EO), there is a 95% confidence 

level to accept the null hypothesis, i.e., to accept that there is no difference between 

the samples. However, the opposite was verified for samples coated with base solution 

(p<0.05). 

 

Despite the perceived difference, raspberries with base coating were slightly preferred 

(56%) over the uncoated ones. Also, 38% of the tasters identified the different sample 

by a difference in taste. 

 

These results, however, must be carefully studied due to the low number of tasters. 

Also, their preference may not be final consumer representative, since this will depend 

on the market where the fruits will be sold. 
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5. Conclusions 

 

The antimicrobial characteristic of EOs and SE through the determination of their 

minimum inhibitory concentration (MIC) against several species of bacteria, fungal and 

yeast species have been confirmed. Results showed that the MIC of cinnamon EO for 

Escherichia coli, Staphylococcus aureus, Candida krusei, Yarrowia lipolytica, 

Penicillium expansum, Rhizopus stolonifer and Botrytis cinerea are 0.125%, 0.125%, 

1%, 1%, 1%, 4% and 2%, respectively; while thyme EO has proven to present for the 

previous species MIC values of 1%, 0.5%, 1%, 1%, 1%, 2% and 4%, respectively. Sucrose 

monolaurate has only shown antimicrobial activity against S. aureus, C. krusei, P. 

expansum and R. stolonifer with MIC values of 2%, 0.03%, 4% and 0.5%, respectively. 

 

The raspberry fruit presents a surface tension of 36.11 mN/m, with polar and dispersive 

components of 2.19 mN/m and 33.92 mN/m, respectively. The critical surface tension 

of the raspberry fruit is 30.74 mN/m. 

 

The coating selection was based on the wettability, adhesion and cohesion coefficients 

and further antimicrobial tests. The base coating composition that optimizes the 

wettability is composed by 0.4% polymer and 0.15% plasticizer. MIC tests conclude that 

cinnamon EO on coating solution had an inhibitory effect on previous species at a 

concentration of 0.5% and 1% for B. cinerea, while sucrose monolaurate was effective 

against S. aureus, E. coli, C. krusei, P. expansum, R. stolonifer and B. cinerea at 4%, 

4%, 0.5%, 2%, 1% and 4% concentrations, respectively. Based on these results, the 

antimicrobial coatings selected were composed by 2% of sucrose monolaurate and 0.5% 

of cinnamon oil. 

 

The shelf life tests were performed during 8 storage days for uncoated raspberries and 

raspberries coated with the base coating formulation, coating solution (B) with 2% 

sucrose monolaurate (B+SE) and coating solution with 0.5% cinnamon EO and 2% sucrose 

monolaurate (B+SE+EO). The weight loss results showed that B+SE+EO samples 

presented the lowest losses. Regarding to raspberries color change during shelf life, it 

was observed that lightness, chroma and hue values decreased resulting in a darker, 

more blueish and a dimmer color. Color index increased over time showing a variation 

from red color to blue. Anthocyanins content showed an increase with storage time 

where the antimicrobial coatings presented the highest concentration values. For all 

samples, titratable acidity demonstrated a slight decrease due to the conversion of 
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organic acids and starch into sugars, while the pH values did not show a significant 

variation. Total phenolics content has increased during storage time, and after 4 days 

B+SE+EO samples presented the highest phenolics content. For all raspberries, total 

soluble solids increased until 2 days of storage after which a decrease in this value was 

observed. Microbiological tests had shown antifungal activity of the active coatings 

(B+SE and B+SE+EO) until 2 days of storage and after 4 days of storage time only 

raspberries coated with B+SE+EO coating shows low fungal countamination. Also, for 

all samples during storage, no significant bacterial colonies were counted. 

 

Finally, the sensorial analysis had showed that no significant differences (p>0.05) were 

found for the raspberries with active coatings (B+SE and B+SE+EO) compared to 

uncoated raspberries, while raspberries coated with base solution the differences were 

found to be relevant (p<0.05).   

 

Despite the principal aims of this work have been achieved, some work still has to be 

done in order to better understand the properties of edible coatings on raspberry 

fruits. Thus, some recommendations for future work are given: 

 

- Study the possible use of other biopolymer and/or plasticizer in the formulation 

of the coating solution, in order to allow a better performance of the coating 

(e.g. improve antimicrobial activity of bioactive compounds, increase barrier 

capacity of the coatings); 

- Evaluate other EOs, such as clove, oregano, lemon, or only its compounds, such 

as cinnamaldehyde, thymol, eugenol in the edible coating formulation that 

could be more active against mold contamination; 

- Encapsulate the essential oils used in order to reduce the strong aroma that 

these oils give to the fruit. 

- Full characterization of coatings, focusing on the permeability to oxygen, 

carbon dioxide and water vapor to better understand of some results obtained. 

Also, clarifies the need for a change in the coatings composition. 

- Evaluation of the selected coating formulation in an industrial facility, in order 

to understand the behavior of these edible coatings on raspberries during an 

industrial scale application. 
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Annex. A. Preliminary tests 

A.1. Assessment of sucrose esters of fatty acids  

 

Stock solutions of 80 mg/mL were prepared with distilled water. These solutions were 

first heated in a water bath to a temperature of 70±1ºC. However, once cooled down 

at room temperature (20±1ºC), the powder samples turned into viscous solution, 

becoming the pipetting process difficult. To achieve the similar consistency as for 

sucrose ester paste (LWA-1570), the solutions were then prepared with 4% of ethanol. 

 

Due to sucrose esters of fatty acids emulsifying character, standardized M7-A7 NCCLS 

procedure was not possible to perform for bacterial strains. This, was mainly because 

of bubble formation of the sucrose esters in each well of ELISA plate, which interfered 

with absorbance readings and interpretations. 

 

A second test was then performed using agar well diffusion method (Valgas, de Souza, 

Smania, & Smania, 2007). Thus, for bacterial growth, Muller Hinton 2 agar was used 

and about 20 mL of sterilized agar was poured into sterile petri dishes (100 x 15 mm). 

After solidification, cultures were spread on the respective plates with a sterile cotton 

swab. Three wells (7 mm diameter) were made in each plate using sterile cork borer.  

50 µL of different concentrations of sucrose esters samples were pipetted into the agar 

wells. However, after incubation period, a white precipitate in the well was observed 

for powder samples, which could lead to an incomplete spread of the sucrose ester 

through agar and, therefore, it could affect its antimicrobial activity interpretations 

(Figure A1). Also the well itself could affect the diffusion of the antimicrobial agent 

through the agar.  

Figure A 1. Sucrose ester of fatty acids precipitate in 4% ethanol after 24h 
incubation of bacterial strains at 37±1°C. 



2 
 

 

To overcome these problems, a drop diffusion method was then assessed for the 

powder sample, where it was prepared similarly as the previous test, but no wells were 

cut off the agar. Samples were prepared in pure ethanol to assure total solubility of 

sucrose esters and 10 µl of the different concentrations of the samples were carefully 

pipetted into pre-determined points. However, despite the sucrose esters seemed total 

soluble, once the ethanol evaporates during the incubation time, a white residue was 

visible on the agar (Figure A2). This is also undesirable for an application in raspberries, 

thus, the final formulation should present a colorless appearance. 

 

 

 

Towards the mentioned results, sucrose ester of fatty acids paste (LWA-1570) was 

selected for further investigation in this paper, using the previous described method. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A 2. Sucrose ester of fatty acids powder deposit in pure ethanol after 24h 
incubation of bacterial strains at 37±1°C. 
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Annex. B. Minimum Inhibitory concentrations 

 

The calibration curves of E. coli and S. aureus were assessed through spectroscopic 

methods (Figures A3 and A4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Initially, the diameters of the inhibition zone (mm) of determined concentrations of 

thyme and cinnamon essential oils and of sucrose monolaurate were measured for mold 

cultures (Table A1). 
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 Figure A 3. Calibration curve of S.aureus by optical 
density measurements at 620 nm versus viable cell 
count (CFU/mL). 

Figure A 4. Calibration curve of E.coli by optical density 
measurements at 620 nm versus viable cell count 
(CFU/mL). 
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Table A 1. Diameters of inhibition zone (mm) of different concentrations (%) of cinnamon essential oil (Cin), thyme essential oil (Thy) and 

sucrose ester of fatty acids (SE) for mold species.   

 

*qualitative results 

 C.krusei Y.lipolytica P.expansum R.stolonifer B.cinerea * 

Concentration (%) Cin Thy SE Cin Thy SE Cin Thy SE Cin Thy SE Cin Thy SE 

4 14 11.5 14 27 9.5 - 29 10.5 27 17 16.5 14.5 ++ + - 

2 11 9 13 7.5 8 - 8.5 9.5 - - 10.5 11.5 ++ - - 

1 11 7.5 11.8 9 7.5 - 4 9 - - - 10 - - - 

0.5 - - 9.5 - - - - - - - - 7 - - - 

0.25 - - 12.5 - - - - - - - - - - - - 

0.125 - - 13.3 - - - - - - - - - - - - 

0.06 - - 11.5 - - - - - - - - - - - - 

0.03 - - 10.5 - - - - - - - - - - - - 
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Annex C. Surface tension and contact angles measurements 

 

For fruit surface characterization, the surface tension of the standard liquids were 

already known, however contact angle measurements must be performed (Table A3). 

 

Table A 2. Contact angles measurements, in degrees, for standard liquids at 20±1°C. 

Sample Water Bromonaphtalene Formamide Toluene 

1 122.3 26.6 102.7 0 

2 117.3 37.0 99.2 0 

3 129.4 34.3 106.5 0 

4 123.7 35.7 107.0 0 

5 130.0 38.8 114.5 0 

6 118.2 32.7 117.7 0 

7 109.3 45.5 114.0 0 

8 115.9 33.2 125.6 0 

9 119.4 45.2 118.4 0 

10 120.5 32.8 116.8 0 

11 132.1 27.5 103.5 0 

12 126.4 29.5 117.7 0 

13 129.8 42.6 121.8 0 

14 120.0 34.9 125.1 0 

15 123.1 45.2 116.8 0 

16 120.8 36.2 107.2 0 

17 123.1 40.5 116.5 0 

18 130.0 51.3 118.2 0 

19 114.4 36.1 109.6 0 

20 120.6 34.3 104.6 0 

 

For base coating solution selection, contact angles (Table A4) and surface tensions 

(Table A5) were measured for different coating composition on biopolymer and 

plasticizer described on Table 4. 
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Table A 3. Contact angles measurements, in degrees, for different coating solutions 
on polymer and plasticizer concentrations at 20±1°C. 

Sample A1 A2 A3 B1 B2 B3 C1 C2 C3 

1 80.5 104.1 77.9 90.5 67.2 67.1 76.9 77.5 70.2 

2 106.8 88.7 96.0 84.6 73.2 73.9 88.6 84.1 70.7 

3 104.5 90.6 85.0 72.6 96.1 94.2 101.9 99.7 74.6 

4 97.4 73.8 90.8 68.3 69.5 87.8 105.3 73.9 73.2 

5 115.5 79.5 105.7 106.1 71.5 77.2 100.5 81.3 77.0 

6 81.1 112.0 86.0 73.3 63.4 72.5 103.7 85.1 87.8 

7 83.5 85.1 70.0 109.9 85.9 95.7 100.7 97.9 67.4 

8 86.2 80.7 75.6 95.8 84.8 97.5 100.3 83.2 88.2 

9 106.1 79.7 76.3 95.7 65.6 74.7 102.9 79.6 87.9 

10 82.4 99.6 79.1 99.9 64.4 71.6 105.4 107.3 100.3 

11 101.3 80.5 72.7 80.3 87.6 99.3 101.1 71.1 95.1 

12 79.0 70.0 105.7 79.01 84.1 97.1 100.9 75.1 73.3 

13 105.8 93.3 99.0 73.9 65.6 96.1 103.3 70.5 72.7 

14 106.8 99.4 87.5 107.6 68.0 97.6 101.5 75.6 86.1 

15 90.4 71.8 97.9 96.6 69.5 79.4 105.4 90.9 85.5 

16 130.2 104.4 105.8 79.3 63.3 90.9 108.5 65.4 90.5 

17 92.6 86.2 95.6 86.1 75.5 88.5 107.9 96.8 88.6 

18 103.8 106.6 92.4 78.7 74.7 98.3 109.9 80.5 92.9 

19 89.0 101.1 93.3 82.2 62.9 93.6 105.1 88.4 92.8 

20 93.4 94.4 77.4 75.9 84.2 85.5 107.6 78.4 79.7 

 

Table A 4. Surface tension measurements, in mN/m, for different coating solutions 
on polymer and plasticizer concentrations at 20±1°C. 

Sample A1 A2 A3 B1 B2 B3 C1 C2 C3 

1 67.4 71.0 71.2 71.9 71.6 66.9 70.2 68 69.9 

2 68.6 71.2 71.7 72.1 720 69.8 71.1 68.2 70.0 

3 69 70.7 70.9 72.1 72.0 69.5 71.0 69.1 70.0 

4 69.5 70.4 71.9 72.0 72.0 69.8 70.5 69.2 69.5 

5 69.8 70.7 71.8 72.0 72.0 69.4 72.0 69.8 69.9 

6 72.0 70.9 71.9 71.9 72.0 70.0 71.7 70.3 69.9 

7 71.0 70.6 71.8 72.1 71.9 70.5 71.9 70.0 70.1 

8 71.8 70.3 71.8 72.0 72.0 70.8 71.3 69.9 70.0 

9 71.8 70.4 71.7 72.0 72.1 70.2 71.7 69.8 70.0 

10 71.8 69.3 71.7 72.1 72.0 70.1 71.9 69.7 70.0 
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After antimicrobial determinations, another assessment of contact angles (Table A6) 

and surface tension (Table A7) were determined for a coating solution with 

concentrations between 0.5% and 4% of cinnamon EO and sucrose ester of fatty acids, 

respectively. These parameters were also studied for a coating solution containing 0.5% 

and 2% of cinnamon EO and sucrose monolaurate, respectively. 

 

Table A 5. Contact angles measurements, in degrees, for different concentrations (%) 
of sucrose monolaurate coating solution (S), of cinnamon essential oil coating solution 
(C) and for a 2% sucrose monolaurate and 0.5% cinnamon essential oil coating solution. 

Sample S-4 S-2 S-1 S-0.5 C-4 C-2 C-1 C-0.5 S-2+C-0.5 

1 42.5 51.5 40.9 54.9 94.4 88.4 92.5 86.5 43.0 

2 50.3 53.1 64.0 66.5 88.4 84.7 84.7 86.6 50.8 

3 51.0 64.7 41.9 69.4 78.6 94.4 85.9 78.9 38.5 

4 54.9 65.5 50.7 59.9 81.5 93.0 85.2 92.6 55.4 

5 52.6 56.9 59.8 57.8 74.9 96.2 83.2 81.3 57.7 

6 54.2 63.0 41.3 66.8 84.0 94.7 80.6 110.1 52.9 

7 60.3 66.3 49.5 59.2 85.6 87.9 88.4 105.0 40.1 

8 59.7 66.5 55.5 49.5 97.0 81.9 83.7 102.1 49.0 

9 65.7 67.4 52.9 69.4 79.1 84.5 92.5 99.4 57.5 

10 65.5 76.1 59.0 58.5 89.1 84.4 93.7 90.3 52.1 

11 52.1 58.5 56.7 62.5 85.1 95.9 93.7 104.2 51.8 

12 68.4 71.0 58.2 56.4 92.9 93.9 87.4 107.0 48.5 

13 61.4 67.7 55.2 62.0 98.6 86.3 95.4 84.5 44.8 

14 59.0 57.4 57.8 47.2 97.2 91.9 100.8 107.0 46.7 

15 58.8 59.4 57.9 48.2 88.2 100.7 93.3 101.5 46.1 

16 61.6 53.0 58.7 68.0 84.1 96.5 105.0 110.5 54.9 

17 49.0 59.8 62.3 54.0 90.9 99.3 98.0 106.2 36.8 

18 57.6 56.0 55.4 54.5 97.3 94.5 78.8 91.9 60.0 

19 58.6 61.1 59.8 40.5 98.9 78.3 93.6 100.9 49.1 

20 61.2 70.1 52.5 52.7 96.1 84.9 95.1 101.6 60.9 
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Table A 6. Surface tension measurements, in mN/m, for different concentrations (%) 
of sucrose monolaurate coating solution (S), of cinnamon essential oil coating solution 
(C) and for a 2% sucrose monolaurate and 0.5% cinnamon essential oil coating solution. 

Readings S-4 S-2 S-1 S-0.5 C-4 C-2 C-1 C-0.5 S-2+C-0.5 

1 34.4 35.8 36.9 38.0 49.0 47.0 46.3 47.8 34.4 

2 34.5 36.8 37.2 37.2 48.9 46.1 47.0 48.0 34.8 

3 34.9 34.4 37.6 37.9 50.4 47.0 46.3 48.0 33.7 

4 35.7 36.3 37.0 37.7 50.6 46.5 47.0 48.5 34.0 

5 35.2 37.0 37.2 38.0 51.0 45.7 47.9 49.1 34.2 

6 35.1 36.8 36.4 38.0 51.0 46.0 48.2 49.9 33.9 

7 35.6 36.1 37.0 37.0 50.8 45.2 48.6 49.7 33.8 

8 35.7 36.0 37.2 37.1 51.2 45.9 48.4 49.9 34.0 

9 35.2 36.9 36.4 37.0 51.2 46.8 48.3 50.1 33.7 

10 35.8 36.3 37.0 37.0 51.2 47.2 48.6 50.0 33.8 

 

Annex D. Shelf life tests 

 
Weight loss of the samples was calculated based on the daily weight measurements for 

each sample (Table A8). 

Table A 7. Weight measurements, in g, of coated and uncoated samples, in triplicate, 
during storage time. 

Sample Reading Day 0 Day 1 Day 2 Day 4 Day 6 Day 8 

Control 

1 7.3708 7.3463 7.3101 7.2047 7.0834 6.9702 

2 7.1943 7.172 7.1319 7.037 6.9159 6.8037 

3 7.6411 7.6148 7.5749 7.4352 7.2924 7.1624 

Coating 

1 8.3352 8.303 8.2709 8.2301 8.1693 8.106 

2 9.4422 9.4087 9.3702 9.3155 9.2638 9.2094 

3 9.7969 9.7672 9.7376 9.6878 9.6312 9.5739 

Coating 
+ SE 

1 8.6121 8.538 8.435 8.2371 8.0499 7.8913 

2 8.5548 8.4746 8.3595 8.1566 7.9526 7.7734 

3 8.0854 8.0231 7.9487 7.8032 7.6256 7.4878 

Coating 
+ SE 
+ EO 

1 9.5332 9.4626 9.4369 9.3636 9.2949 9.2406 

2 9.6911 9.6294 9.5989 9.5382 9.4972 9.4565 

3 9.3135 9.2496 9.216 9.157 9.1139 9.0612 
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For color change determinations as well as color index, chroma and hue calculations a*, b* and L* parameters were measured (Table A9). 

Table A 8. L*, a*, and b* color coordinates readings for coated and uncoated raspberries and their duplicates during storage time. 

 day 0 day 1 day 2 day 4 day 6 day 8 

Coordinates L* a* b* L* a* b* L* a* b* L* a* b* L* a* b* L* a* b* 

Control 1 

33.45 22.75 10.13 32.48 21.73 8.75 31.13 20.12 8.20 30.51 18.13 7.38 38.68 24.56 12.56 29.49 16.34 6.15 

34.08 23.36 10.61 31.63 19.83 7.94 33.44 21.32 9.06 31.10 20.46 8.39 37.79 23.84 11.97 29.49 16.42 6.18 

32.70 21.68 9.09 33.09 20.69 8.82 32.09 20.43 8.56 30.42 18.22 6.76 33.73 22.41 10.25 28.31 15.11 5.22 

35.78 25.19 12.09 31.87 19.83 8.39 32.42 20.45 8.88 31.07 19.28 7.95 36.06 23.75 10.23 29.75 17.36 6.94 

32.75 23.48 9.48 31.76 21.60 8.89 33.19 21.71 10.01 30.55 19.18 7.80 36.44 23.45 11.11 28.69 15.28 5.29 

Control 2 

 

34.63 24.74 11.51 31.29 22.55 9.62 32.32 20.58 8.78 30.65 17.92 6.95 35.25 22.50 10.18 29.87 18.17 7.15 

33.65 22.41 10.30 32.99 22.24 9.71 32.89 20.57 9.18 30.43 18.92 7.08 36.50 24.05 10.01 28.34 15.16 5.04 

33.98 24.88 11.26 30.91 24.22 11.52 32.81 20.47 8.92 30.76 18.52 7.38 36.98 21.62 10.08 29.43 17.08 6.04 

33.63 21.78 9.44 31.40 24.71 11.68 32.73 21.17 9.03 31.45 19.72 8.01 35.96 23.21 9.52 28.99 16.24 5.52 

34.19 24.07 5.94 31.78 20.98 8.48 34.02 22.05 10.36 31.17 19.53 7.93 35.26 21.82 9.52 29.60 17.49 6.51 

Coating 1 

 

37.16 26.15 13.44 32.37 23.42 9.80 32.64 24.25 11.63 31.46 19.77 8.65 31.07 18.75 7.07 28.89 16.52 5.75 

37.16 26.14 13.47 34.11 24.34 10.64 32.64 22.89 9.79 30.18 18.38 6.78 30.19 17.18 6.11 30.24 19.03 7.25 

35.88 23.95 11.51 34.25 24.6 10.62 31.55 24.22 11.40 30.98 19.31 7.55 30.58 17.33 6.02 28.84 16.42 5.51 

34.81 22.75 10.47 33.85 26.78 12.34 31.83 21.96 9.34 30.38 18.35 7.18 31.25 18.83 7.63 29.57 18.49 6.98 

36.55 24.89 12.01 32.08 26.87 12.54 31.83 21.48 9.39 31.91 20.65 9.32 31.31 19.14 7.62 29.93 17.96 6.54 

Coating 2 

 

35.56 23.79 10.81 32.37 21.87 8.62 32.47 21.6 9.24 30.33 18.76 7.08 30.98 18.97 7.13 29.81 18.48 6.44 

35.56 23.79 10.79 33.81 23.22 10.21 33.19 22.56 9.45 31.1 18.84 7.79 31.03 18.87 7.16 29.8 18.48 6.42 

35.57 23.72 10.82 33.95 24.12 10.66 33.34 24.25 10.99 31.95 21.09 8.65 30.69 18.75 7.02 30.14 20.19 7.34 

35.56 23.78 10.80 32.81 23.34 10.67 34.00 23.99 12.17 29.83 17.48 6.14 30.65 18.28 6.59 29.90 19.68 7.00 
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37.44 27.27 13.55 33.48 23.76 10.60 31.80 22.51 10.09 31.33 20.41 8.49 30.37 17.3 6.32 30.21 18.05 6.85 

Coating  

+SE  1 

 

33.61 21.84 9.55 34.19 23.49 9.46 31.91 20.23 8.62 30.53 19.40 7.29 30.89 17.33 6.63 28.93 16.04 5.64 

35.16 24.23 10.82 29.21 24.62 9.51 30.75 22.21 9.99 29.86 18.07 6.65 31.83 19.62 8.05 32.61 12.65 4.17 

34.46 24.00 10.44 33.07 21.62 9.48 30.68 19.72 8.33 31.12 19.60 7.8 30.41 18.61 7.05 29.6 16.92 5.85 

34.80 25.10 11.37 34.3 23.46 9.33 32.32 22.16 10.44 31.14 19.63 7.81 32.18 20.48 8.38 28.72 15.23 5.32 

34.80 25.01 11.29 33.23 21.82 9.61 31.67 20.61 8.40 31.11 20.01 7.89 30.76 17.99 6.59 26.46 9.51 2.59 

Coating  

+SE 2 

 

33.83 21.81 9.74 32.34 23.09 9.46 32.5 23.04 11.01 32.02 21.40 9.10 29.61 15.76 5.23 29.11 16.09 5.26 

34.48 22.46 10.16 32.47 22.3 9.51 29.86 26.23 12.46 31.83 20.56 8.37 30.98 18.13 6.92 28.7 15.70 5.27 

36.76 23.95 11.70 33.78 21.91 9.40 29.49 23.49 9.93 32.18 21.40 9.18 30.37 17.44 6.06 29.41 18.45 6.74 

34.51 22.7 10.38 32.38 22.22 9.33 29.86 24.45 10.97 30.90 12.98 4.31 31.28 16.75 6.18 28.63 16.27 5.34 

34.3 22.67 10.00 32.82 22.96 9.61 30.15 22.98 10.48 32.13 20.72 9.10 30.72 18.09 6.82 29.38 17.25 6.17 

Coating  

+SE +EO 1 

 

33.31 21.71 9.61 34.33 24.39 11.29 30.36 18.13 6.79 30.77 19.13 7.13 30.43 16.83 6.08 28.99 15.75 5.20 

33.05 21.52 8.99 32.41 21.44 8.54 30.08 22.31 10.32 32.35 15.06 5.26 31.30 18.79 7.27 28.34 13.79 4.46 

33.4 22.71 10.11 32.89 20.87 8.51 30.89 21.05 9.66 31.43 19.85 7.59 31.10 18.26 7.28 27.66 12.57 3.66 

34.08 23.06 10.44 33.01 21.95 8.95 31.03 20.31 9.06 30.83 19.03 7.42 30.63 17.72 6.38 27.53 12.88 3.55 

34.58 24.28 11.02 32.60 22.43 9.77 29.50 20.34 8.95 29.45 15.67 5.22 31.93 20.54 8.19 27.54 12.81 3.60 

Coating 

+SE +EO 2 

32.47 20.29 8.54 32.57 20.92 7.99 30.02 20.19 8.12 31.58 19.75 7.56 30.26 16.83 5.84 29.78 17.42 6.53 

33.62 21.97 9.81 32.91 22.03 8.82 29.09 20.84 8.86 31.81 20.60 8.67 30.26 16.83 5.86 29.66 17.41 6.50 

33.18 21.17 8.82 30.24 22.87 9.56 29.67 22.16 10.12 30.41 17.62 6.54 30.38 16.51 5.70 29.64 17.44 6.49 

34.01 23.29 10.92 33.08 22.90 9.44 29.6 21.64 9.75 31.27 18.7 7.53 31.00 18.39 6.90 28.62 15.65 5.04 

33.63 22.48 10.30 33.39 22.12 9.36 27.78 19.87 7.87 30.92 18.83 7.13 30.59 17.85 6.50 28.03 14.37 4.56 
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For anthocyanins content determination, it was firstly needed to be assessed the 

wavelength of maximum absorbance of the sample (Figure A5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The maximum absorbance found for the raspberry fruit sample was at 530 nm, thus 

this wavelength was considered the maximum wavelenght of the sample for the 

anthocyanins content study. 

 

Absorbance readings were performed for coated and uncoated samples during the 

storage time, at 530 nm (Table A10) and 700 nm (Table A11). Also, a blanc with acidic 

methanol (1% HCL) was recorded (Table A12).  

 

Table A 9. Absorbance values measured for coated and uncoated samples, to 
determine the total anthocyanins content, at 530 nm. 

Day Sample pH 1 pH 4.5 

0 

Control 
0.130 0.140 0.152 0.121 0.061 0.067 0.057 0.056 

0.122 0.125 0.142 0.141 0.056 0.055 0.057 0.059 

Coating 
0.106 0.104 0.102 0.138 0.055 0.059 0.059 0.061 

0.093 0.090 0.102 0.098 0.053 0.055 0.054 0.057 

Coating+SE 
0.113 0.109 0.105 0.109 0.056 0.062 0.057 0.064 

0.094 0.123 0.133 0.103 0.060 0.056 0.061 0.067 

Coating +SE +EO 
0.105 0.115 0.113 0.117 0.059 0.061 0.060 0.059 

0.119 0.120 0.111 0.112 0.061 0.058 0.059 0.057 

1 

Control 
0.271 0.29 0.276 0.288 0.084 0.09 0.084 0.082 

0.264 0.277 0.27 0.271 0.082 0.078 0.079 0.079 

Coating 
0.269 0.273 0.274 0.278 0.097 0.091 0.097 0.090 

0.236 0.265 0.247 0.258 0.076 0.078 0.079 0.079 

0
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Figure A 5. Wavelenghth screening of the raspberry fruit sample. 
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Coating+SE 
0.212 0.228 0.223 0.233 0.074 0.075 0.078 0.073 

0.293 0.287 0.294 0.304 0.103 0.101 0.098 0.107 

Coating +SE +EO 
0.249 0.246 0.244 0.276 0.086 0.08 0.082 0.083 

0.281 0.289 0.303 0.287 0.092 0.094 0.092 0.089 

2 

Control 
0.287 0.280 0.306 0.287 0.092 0.085 0.086 0.089 

0.249 0.248 0.273 0.267 0.083 0.081 0.081 0.081 

Coating 
0.261 0.251 0.285 0.267 0.083 0.085 0.084 0.086 

0.248 0.228 0.231 0.251 0.078 0.078 0.079 0.076 

Coating+SE 
0.271 0.288 0.291 0.293 0.086 0.089 0.092 0.085 

0.267 0.249 0.259 0.261 0.086 0.083 0.082 0.091 

Coating +SE +EO 
0.287 0.309 0.306 0.312 0.086 0.087 0.084 0.085 

0.290 0.320 0.320 0.327 0.091 0.092 0.092 0.093 

4 

Control 
0.308 0.317 0.311 0.326 0.088 0.091 0.092 0.095 

0.275 0.311 0.330 0.341 0.096 0.082 0.079 0.085 

Coating 
0.264 0.301 0.276 0.281 0.089 0.094 0.090 0.087 

0.284 0.311 0.163 0.292 0.085 0.087 0.087 0.080 

Coating+SE 
0.298 0.292 0.326 0.326 0.091 0.092 0.088 0.092 

0.246 0.257 0.225 0.254 0.073 0.077 0.080 0.079 

Coating +SE +EO 
0.330 0.313 0.320 0.304 0.094 0.089 0.092 0.102 

0.367 0.350 0.377 0.377 0.101 0.099 0.102 0.106 

6 

Control 
0.204 0.218 0.211 0.205 0.083 0.079 0.089 0.089 

0.206 0.209 0.204 0.217 0.096 0.088 0.086 0.090 

Coating 
0.427 0.435 0.443 0.343 0.082 0.103 0.081 0.083 

0.440 0.472 0.441 0.434 0.110 0.114 0.104 0.110 

Coating+SE 
0.422 0.438 0.448 0.438 0.113 0.116 0.115 0.117 

0.366 0.392 0.408 0.403 0.104 0.100 0.104 0.102 

Coating +SE +EO 
0.310 0.395 0.445 0.484 0.108 0.105 0.111 0.103 

0.433 0.426 0.400 0.397 0.099 0.098 0.097 0.093 

8 

Control 
0.435 0.471 0.457 0.447 0.108 0.104 0.094 0.101 

0.320 0.389 0.437 0.457 0.104 0.091 0.085 0.094 

Coating 
0.413 0.432 0.433 0.432 0.103 0.100 0.103 0.101 

0.418 0.454 0.46 0.469 0.109 0.107 0.107 0.107 

Coating+SE 
0.527 0.526 0.512 0.552 0.111 0.111 0.112 0.118 

0.497 0.390 0.467 0.426 0.116 0.116 0.113 0.117 

Coating +SE +EO 
0.447 0.513 0.519 0.537 0.117 0.113 0.115 0.117 

0.448 0.513 0.516 0.533 0.122 0.124 0.121 0.123 
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Table A 10. Absorbance values measured for coated and uncoated samples, to 
determine the total anthocyanins content, at 700 nm. 

Day Sample pH 1 pH 4.5 

0 

Control 
0.045 0.043 0.045 0.047 0.046 0.052 0.044 0.045 

0.040 0.041 0.043 0.043 0.044 0.043 0.044 0.046 

Coating 
0.042 0.043 0.043 0.071 0.044 0.047 0.046 0.048 

0.043 0.042 0.045 0.045 0.044 0.044 0.046 0.046 

Coating+SE 
0.043 0.042 0.042 0.041 0.045 0.047 0.047 0.048 

0.042 0.045 0.048 0.045 0.048 0.045 0.048 0.053 

Coating +SE +EO 
0.042 0.045 0.046 0.052 0.048 0.048 0.048 0.047 

0.045 0.046 0.047 0.049 0.047 0.046 0.047 0.046 

1 

Control 
0.045 0.045 0.044 0.046 0.051 0.054 0.052 0.051 

0.042 0.043 0.044 0.046 0.051 0.050 0.050 0.050 

Coating 
0.046 0.044 0.046 0.046 0.060 0.057 0.058 0.057 

0.040 0.040 0.040 0.039 0.048 0.050 0.050 0.049 

Coating+SE 
0.041 0.041 0.041 0.042 0.049 0.048 0.052 0.049 

0.047 0.047 0.049 0.047 0.062 0.060 0.059 0.064 

Coating +SE +EO 
0.041 0.042 0.042 0.044 0.054 0.051 0.052 0.053 

0.045 0.044 0.043 0.047 0.057 0.058 0.057 0.056 

2 

Control 
0.046 0.043 0.044 0.045 0.051 0.050 0.049 0.051 

0.044 0.044 0.044 0.044 0.050 0.049 0.048 0.049 

Coating 
0.043 0.043 0.043 0.043 0.050 0.051 0.051 0.051 

0.043 0.042 0.041 0.042 0.049 0.048 0.050 0.049 

Coating+SE 
0.042 0.043 0.044 0.043 0.052 0.053 0.060 0.051 

0.051 0.044 0.044 0.044 0.053 0.052 0.052 0.058 

Coating +SE +EO 
0.043 0.042 0.044 0.045 0.052 0.053 0.050 0.051 

0.047 0.045 0.046 0.049 0.054 0.054 0.055 0.054 

4 

Control 
0.051 0.047 0.047 0.05 0.052 0.053 0.053 0.055 

0.042 0.044 0.049 0.048 0.058 0.051 0.049 0.050 

Coating 
0.044 0.043 0.044 0.043 0.055 0.054 0.052 0.052 

0.043 0.045 0.040 0.043 0.051 0.054 0.060 0.048 

Coating+SE 
0.045 0.045 0.044 0.045 0.054 0.053 0.054 0.054 

0.045 0.045 0.048 0.047 0.050 0.051 0.053 0.052 

Coating +SE +EO 
0.047 0.050 0.048 0.051 0.057 0.059 0.055 0.060 

0.051 0.049 0.051 0.053 0.059 0.058 0.058 0.060 

6 

Control 
0.060 0.053 0.057 0.058 0.056 0.059 0.061 0.062 

0.054 0.052 0.063 0.056 0.063 0.061 0.058 0.062 

Coating 
0.047 0.050 0.049 0.054 0.052 0.059 0.052 0.052 

0.056 0.055 0.056 0.056 0.059 0.062 0.060 0.059 

Coating+SE 
0.055 0.055 0.055 0.057 0.063 0.063 0.065 0.065 

0.053 0.052 0.054 0.055 0.060 0.058 0.058 0.059 

Coating +SE +EO 
0.053 0.055 0.054 0.056 0.059 0.057 0.058 0.061 

0.057 0.058 0.055 0.059 0.057 0.055 0.057 0.054 

8 Control 0.051 0.040 0.042 0.043 0.055 0.054 0.051 0.053 
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0.068 0.042 0.043 0.044 0.055 0.051 0.050 0.053 

Coating 
0.042 0.041 0.041 0.041 0.054 0.055 0.056 0.054 

0.041 0.040 0.040 0.042 0.055 0.056 0.057 0.056 

Coating+SE 
0.042 0.041 0.041 0.041 0.057 0.056 0.059 0.058 

0.043 0.041 0.050 0.042 0.059 0.058 0.058 0.061 

Coating +SE +EO 
0.043 0.041 0.043 0.044 0.060 0.058 0.058 0.060 

0.052 0.045 0.046 0.049 0.062 0.063 0.063 0.063 

 

 

Table A 11. Absorbance of blank values for total anthocyanins content of coated and 
uncoated raspberries, during shelf life. 

Day  530 nm 700 nm 

0 pH 1 0.040 0.041 0.039 0.039 0.041 0.039 0.039 0.041 

pH 4.5 0.042 0.041 0.040 0.039 0.041 0.041 0.041 0.039 

1 pH 1 0.042 0.042 0.041 0.040 0.040  0.040 0.039 0.041 

pH 4.5 0.042 0.042 0.042 0.039 0.042 0.041 0.041 0.038 

2 pH 1 0.040 0.041 0.040 0.042 0.042 0.039 0.039 0.044 

pH 4.5 0.042 0.041 0.041 0.039 0.042 0.041 0.041 0.039 

4 pH 1 0.040 0.042 0.042 0.040 0.042 0.040 0.040 0.041 

pH 4.5 0.043 0.041 0.041 0.040 0.042 0.041 0.040 0.039 

6 pH 1 0.041 0.042 0.043 0.040 0.043 0.040 0.040 0.041 

pH 4.5 0.042 0.041 0.042 0.041 0.041 0.041 0.041 0.040 

8 pH 1 0.039 0.041 0.040 0.042 0.041 0.039 0.039 0.043 

pH 4.5 0.041 0.041 0.040 0.039 0.042 0.041 0.042 0.039 

 

To determine titratable acidity of the samples, it was annotated the volume of NaOH 

(0.1M) spent to reach the end point (Table A13). 

 

Table A 12. Volume of NaOH (0.1M), in mL, used in each sample and during shelf life 
time. 

  Day 0 Day 1 Day 2 Day 4 Day 6 Day 8 

Control 
14.40 14.00 11.50 12.10 13.00 11.45 

13.70 12.30 12.75 12.20 11.10 10.60 

Coating 
14.70 12.40 13.10 12.30 12.90 10.35 

15.10 13.60 13.25 11.40 11.75 10.70 

Coating 

+ SE 

13.90 12.20 12.70 13.50 12.70 11.10 

15.80 14.10 12.75 12.30 12.05 10.35 

Coating 

+ SE + EO 

13.80 13.50 13.10 13.00 12.60 11.30 

13.00 13.20 13.35 13.25 11.25 11.20 
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The pH values of the samples during shelf life time were also evaluated through a 

potentiometer (Table A14). 

 

Table A 13. pH values of coated and uncoated raspberries, and their duplicates, during 
storage time. 

Samples  Day 0 Day 1 Day 2 Day 4 Day 6 Day 8 

Control 1 2.81 2.82 2.84 2.92 3.07 2.88 

Control 2 2.83 2.89 2.86 2.93 3.06 2.83 

Coating 1 2.77 2.86 2.76 2.86 2.92 2.90 

Coating 2 2.79 2.88 2.78 2.91 2.88 2.89 

Coating + SE 1 2.83 2.88 2.82 2.79 2.91 2.84 

Coating + SE 2 2.76 2.84 2.83 2.82 2.84 2.83 

Coating + SE +EO 1 2.84 2.86 2.80 2.83 2.82 2.81 

Coating + SE + EO 2 2.86 2.85 2.78 2.82 2.87 2.88 

 

For total phenolics quantification of the raspberries during storage period, a 

calibration curve with acid gallic was assessed (Figure A6). 

 

 

Figure A 6. Calibration curve of gallic acid at different concentrations (mg/L) in 
function absorbance values at 700 nm. 

Absorbance values were spectrofotometric read, as well as their blancs with acidic 

methanol (Table A15). 
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Table A 14. Absorbance values measured for coated and uncoated samples and blanks, 
to determine the total phenolics content, at 700 nm. 

Day  Samples Blanks 

0 

Control 
0.232 0.216 0.253 0.262 0.123 0.124 0.124 0.122 

0.230 0.268 0.286 0.343  

Coating 
0.252 0.253 0.277 0.282 

0.245 0.236 0.315 0.314 

Coating +SE 
0.272 0.289 0.285 0.345 

0.249 0.269 0.284 0.285 

Coating +SE +EO 
0.261 0.252 0.295 0.327 

0.210 0.220 0.211 0.235 

1 

Control 
0.224 0.238 0.232 0.222 0.073 0.074 0.073 0.074 

0.200 0.197 0.211 0.195  

Coating 
0.216 0.206 0.237 0.230 

0.199 0.223 0.203 0.216 

Coating +SE 
0.197 0.159 0.196 0.195 

0.198 0.205 0.211 0.230 

Coating +SE +EO 
0.158 0.157 0.230 0.191 

0.200 0.220 0.200 0.213 

2 

Control 
0.179 0.219 0.252 0.225 0.078 0.076 0.073 0.077 

0.184 0.211 0.193 0.263  

Coating 
0.194 0.206 0.237 0.236 

0.208 0.216 0.214 0.218 

Coating +SE 
0.200 0.219 0.204 0.217 

0.209 0.216 0.234 0.260 

Coating +SE +EO 
0.186 0.213 0.219 0.245 

0.210 0.247 0.215 0.236 

4 

Control 
0.209 0.233 0.230 0.243 0.080 0.078 0.075 0.077 

0.210 0.236 0.238 0.227  

Coating 
0.210 0.226 0.237 0.270 

0.205 0.237 0.247 0.247 

Coating +SE 
0.222 0.264 0.253 0.258 

0.216 0.224 0.230 0.223 

Coating +SE +EO 
0.224 0.240 0.256 0.257 

0.256 0.259 0.248 0.235 

6 

Control 
0.182 0.219 0.237 0.232 0.071 0.074 0.074 0.075 

0.171 0.239 0.237 0.215  

Coating 
0.230 0.239 0.271 0.272 

0.237 0.236 0.236 0.240 
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Coating +SE 
0.186 0.226 0.224 0.237 

0.228 0.239 0.257 0.268 

Coating +SE +EO 
0.217 0.246 0.237 0.240 

0.243 0.252 0.214 0.249 

8 

Control 
0.216 0.237 0.263 0.247 0.069 0.072 0.070 0.073 

0.211 0.244 0.286 0.250  

Coating 
0.230 0.274 0.241 0.245 

0.236 0.261 0.249 0.284 

Coating +SE 
0.231 0.248 0.264 0.252 

0.233 0.261 0.252 0.251 

Coating +SE +EO 
0.248 0.276 0.250 0.275 

0.248 0.261 0.265 0.292 

Total soluble solids were measured by refractometric methods (Table A16). 

 

Table A 15. Total soluble solids measurements of coated and uncoated raspberries, 
and their duplicates, during storage time. 

Samples dia 0 dia 1 dia 2 dia 4 dia 6 dia 8 

Control 1 10.5 10.3 10.1 10.0 11.4 10.2 

Control 2 10.2 10.7 10.3 9.2 11.4 10.2 

Coating 1 9.7 10.3 10.3 9.8 9.8 9.9 

Coating 2 9.7 10.4 10.3 10.0 10.0 9.9 

Coating +SE 1 10.4 10.1 10.3 9.9 10.5 9.8 

Coating +SE 2 9.9 9.8 10.9 10.2 10.9 10.1 

Coating +SE+EO 1 10.2 9.9 10.8 10.1 9.9 9.9 

Coating +SE +EO 2 10.3 10.7 10.9 9.9 10 9.3 

 

A microbiological analysis was performed for psychrotrophic aerobic (Table A17) and 

fungal (Table A18) species. 
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Table A 16. Colony forming units counts for psychrotrophic aerobic species in coated and uncoated raspberries, and their replicates, during storage time. 

Day    Control Coating Coating +SE Coating +SE +EO 

  replicate 10-2 10-3 10-4 10-5 10-6 10-7 10-2 10-3 10-4 10-5 10-6 10-7 10-2 10-3 10-4 10-5 10-6 10-7 10-2 10-3 10-4 10-5 10-6 10-7 

0 

1 0 1 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

2 1 0 0 0 0 0 2 1 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 

3 0 7 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

4 1 1 0 0 1 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1 

1 0 0  0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 

2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

4 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

2 

1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 

2 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

3 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

4 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 

4 

1 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 

2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 

3 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 

4 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 

6 

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

3 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

8 

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Table A 17. Colony forming units counts for fungal species in coated and uncoated raspberries, and their replicates, during storage time. 

Day  Control Coating Coating +SE Coating +SE +EO 

 replicate 10-2 10-3 10-4 10-5 10-6 10-7 10-2 10-3 10-4 10-5 10-6 10-7 10-2 10-3 10-4 10-5 10-6 10-7 10-2 10-3 10-4 10-5 10-6 10-7 

0 

1 
3 1 0 0 2 0 3 3 1 1 1 0 10 0 0 0 0 0 0 2 0 0 0 0 

2 
9 3 0 0 1 0 11 2 1 1 0 1 9 0 0 0 0 0 12 2 0 1 0 0 

3 
3 4 0 1 1 1 7 2 1 0 1 1 2 1 0 0 0 0 12 0 0 0 0 0 

4 
8 1 0 0 3 1 9 4 1 0 0 2 4 0 0 0 0 0 4  0 0 0 0 

1 

1 
7 0 0 0 0 0 8 1 1 0 0 0 4 1 0 1 0 0 3 3 0 0 0 0 

2 
11 2 0 0 0 0 2 1 0 0 0 0 8 1 0 0 0 0 1 1 0 0 0 0 

3 
3 0 0 0 0 0 6 0 0 0 0 0 3 0 0 0 0 0 7 0 0 0 0 0 

4 
4 0 0 0 0 0 1 2 0 0 0 0 8 0 0 0 0 0 3 0 0 0 0 0 

2 

1 
6 1 0 0 0 0 16 0 0 0 0 0 5 0 0 0 0 0 3 0 0 0 0 0 

2 
6 0 0 0 0 0 5 0 0 0 0 0 1 1 0 0 0 0 2 0 0 0 0 0 

3 
3 0 0 0 0 0 8 1 1 0 0 0 3 0 2 0 0 0 0 0 0 0 0 0 

4 
5 1 0 0 0 0 2 0 0 0 0 0 3 0 0 0 0 0 4 1 0 0 0 0 

4 

1 
14 0 0 0 0 0 11 1 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 

2 
11 2 0 0 0 0 6 2 0 0 0 0 8 0 0 0 0 0 0 0 0 0 0 0 

3 
7 1 0 0 0 0 7 0 0 0 0 0 12 0 0 0 0 0 4 0 0 0 0 0 

4 
3 2 0 0 0 0 8 1 2 0 0 0 4 1 0 0 0 0 5 0 0 0 0 0 

6 

1 
9 1 0 0 0 0 19 1 0 0 0 0 16 2 0 0 0 0 10 1 0 0 0 0 

2 
11 1 0 0 0 0 11 0 0 0 0 0 11 2 0 0 0 0 9 0 0 0 0 0 

3 
15 1 0 0 0 0 12 0 1 0 0 0 18 0 0 0 0 0 2 1 1 0 0 0 

4 
14 0 0 0 0 0 6 1 0 0 0 0 10 1 0 0 0 0 0 0 0 0 0 0 

8 

1 
9 0 0 0 0 0 7 1 0 0 0 0 14 0 0 0 0 0 7 0 0 0 0 0 

2 
14 1 0 0 0 0 12 2 1 0 0 0 12 1 2 0 0 0 4 1 0 0 0 0 

3 
17 1 0 0 0 0 16 2 0 0 0 0 18 0 1 0 0 0 3 0 0 0 0 0 

4 
14 0 1 0 0 0 11 0 1 0 0 0 8 2 0 0 0 0 6 0 0 0 0 0 
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Annex E. Sensorial analysis 

 

An example of sensorial analysis sheet presented to the tasters is shown below. 

Sensorial analysis: Raspberries 

 

It is presented 6 sets of 3 raspberries each. For each set there is ONE raspberry that has a 

different treatment from the others. Based on APPEARANCE, AROMA, TASTE and TEXTURE 

(select at least one of these features), please identify the different sample. Also indicate 

for each set, the raspberry sample that you prefer. 

Set 1 

 963 365 236 

Different      

Differences in: 

Appearance   Aroma           Taste     Texture 

Preference:___________ 
 

Set 2 

 125 536 586 

Different      

Differences in: 

Appearance   Aroma           Taste     Texture 

Preference:___________ 
 

Set 3 

 985 824 263 

Different      

Differences in: 

Appearance   Aroma           Taste     Texture 

Preference:___________ 
 

 

 

    

    

    


