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Abstract 

Nowadays, diseases like cancer, Alzheimer and Parkinson are becoming more common and the 

available treatments starts to be insufficient to meet the needs of the patients. In this context, emerge the 

necessity of develop innovative solutions, like the creation of functional products, that can incorporate 

diverse substances with many health benefits. The most available and soft compounds that can be used in 

these new products are the natural ones, like the elderberry, that exhibit antioxidant properties, which 

allows an effective and continuous prevention of the above-mentioned diseases. However, several 

limitations have been associated with the use of these substances, due to their high probability of being 

degraded if exposed to adverse conditions. An viable solution is the use of microencapsulation techniques, 

that allow the protection of the biochemical functionalities of a wide range of compounds, by their 

incorporation into a protective matrix. The main purpose of the current work was to encapsulate the 

elderberry extract, to be possible their application in the food, pharmaceutical and cosmetic industry. To 

accomplish this objective, initially it was made the extraction of the bioactive compound from the 

elderberry flowers and stems that, posteriorly, was fed to the spray-dryer, together with three different 

encapsulating agents (modified chitosan, sodium alginate and gum Arabic). In the end, using operating 

conditions pre-defined, the elderberry capsules were recovered from the equipment and characterized by 

size, morphology and release profile. The product yield and the encapsulation efficiency were also 

evaluated. Furthermore, it was performed the encapsulation of the rutin, the main polyphenol of the 

elderberry.  

The product yield ranged, approximately, between 25 and 41%, corresponding these values to the 

modified chitosan capsules, loaded with the elderberry extract and with rutin, respectively. The rutin 

capsules are the samples with the highest phenolic content, followed by the capsules loaded with the 

elderberry extract and by the empty capsules. Deducting the contribution of the wall materials, the 

elderberry capsules stays with a total phenolic content between 225 and 254 mg gallic acid equivalents/L, 

which is a very small amount when compared with the results of the extract in its natural form (490 mg 

GAE/L). In the volume distribution, the capsules loaded with the elderberry extract presented the biggest 

mean diameter, with values that ranged between 7,3 and 19,3 µm. In the differential number distribution, 

the particles of the higher dimensions depended on the encapsulating agent used. SEM evaluation revealed 

the existence of spherical microcapsules, with specific textural characteristics for each encapsulating agent. 

The elderberry and rutin extracts were completely released, with total release times that ranges between 

600 and 1140 s. The kinetic models that had a better adjustment to the practical results were the zero 

order, the Korsemeyer-Peppas and the Weibull. The efficiency values are similar for all the analysed 

capsules, being the results located in a range between 92,3 and 99,8%.  

So, to conclude, the procedure followed during this experimental work leads to a very successful 

encapsulation of elderberry extract, allowing a complete entrapment of the extract inside the particles of 

modified chitosan, sodium alginate and gum Arabic. However, to ensure an efficient incorporation of the 

capsules into the food, pharmaceutical or cosmetic products, further tests are required.  

Keywords: Antioxidants, Gum Arabic, Elderberry, Microencapsulation, Modified Chitosan, Sodium Alginate, 

Spray-drying.  
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Resumo 

Atualmente, doenças como o cancro, Alzheimer e Parkinson têm-se tornado cada vez mais comuns, 

sendo que os tratamentos disponíveis começam a ser insuficientes para satisfazer as necessidades dos 

pacientes. Neste contexto, surge a necessidade de desenvolver novas soluções, tais como a criação de 

produtos funcionais que possibilitem a incorporação de diversas substâncias, com inúmeros benefícios para 

a saúde. Os compostos mais acessíveis e que levam a um menor número de efeitos secundários no organismo 

são os compostos naturais, tal como o sabugueiro. Este apresenta propriedades antioxidantes que, por sua 

vez, permitem um tratamento contínuo e eficaz das doenças acima mencionadas. No entanto, o uso destas 

substâncias apresenta diversas limitações, devido à elevada probabilidade de degradação perante condições 

adversas. Uma solução viável para este problema é o uso de técnicas de microencapsulação, que permitem 

a proteção das funcionalidades bioquímicas de diversos compostos através da sua incorporação em matrizes 

protetoras. O principal propósito deste trabalho foi a microencapsulação do extrato de sabugueiro para que 

este pudesse ser posteriormente utilizado em produtos da indústria alimentar, farmacêutica e cosmética. 

Para atingir este objetivo, inicialmente foi realizada a extração dos componentes bioativos das flores e 

caules do sabugueiro que, posteriormente, foram alimentados ao secador por atomização, em conjunto com 

as soluções de três agentes encapsulantes (quitosano modificado, alginato de sódio e goma Arábica). Usando 

condições operatórias pré-definidas, foram obtidas as cápsulas de sabugueiro que, no final, foram 

caracterizadas e avaliadas por tamanho, morfologia e perfis de libertação. O rendimento do processo e a 

eficiência de encapsulação foram também determinados. Para além disso, foi também realizada a 

encapsulação da rutina, um dos polifenóis presentes em maior quantidade no extrato de sabugueiro.   

O rendimento do processo variou, aproximadamente, entre 25 e 41%, tendo estes valores sido 

registados para as cápsulas com extrato de sabugueiro e rutina, respetivamente, utilizando o quitosano 

modificado como material de encapsulação. As cápsulas com rutina foram aquelas que apresentaram um 

maior conteúdo fenólico, seguidas pelas cápsulas com o extrato de sabugueiro e, por último, pelas cápsulas 

vazias. Retirando a contribuição dos agentes encapsulantes, as cápsulas de sabugueiro passaram a 

apresentar um conteúdo fenólico entre 225 e 254 mg ácido gálico equivalentes/L, o que é um valor 

extremamente reduzido quando comparado com o resultado obtido para o extrato de sabugueiro, antes de 

sofrer encapsulação (490 mg AGE/L). Na distribuição em volume, as cápsulas de sabugueiro apresentaram o 

maior diâmetro médio, com valores a variar entre 7,3 e 19,3 µm. Na distribuição diferencial em número, as 

partículas de maiores dimensões variaram consoante o agente encapsulante considerado. Os testes de SEM 

revelaram a presença de microcápsulas esféricas, com características texturais específicas para cada 

material encapsulante. No final, os extratos de sabugueiro e de rutina foram completamente libertados, 

com tempos totais de libertação que variaram entre 600 e 1140 s. Os modelos cinéticos que apresentaram 

um melhor ajuste aos resultados práticos foram as equações de ordem zero, de Korsemeyer-Peppas e de 

Weibull. Os valores de eficiência foram semelhantes para todos as amostras avaliadas, estando os resultados 

localizados numa gama entre 92,3 e 99,8%. 

Os resultados obtidos permitem concluir que o procedimento utilizado no decorrer do trabalho 

experimental leva a uma eficiente encapsulação do extrato de sabugueiro, permitindo o seu completo 

aprisionamento no interior das cápsulas de quitosano modificado, alginato de sódio e goma Arábica. No 
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entanto, para assegurar uma eficiente incorporação destas cápsulas em determinados produtos alimentares, 

farmacêuticos e cosméticos, será necessária a realização de testes complementares.  

 

 

Palavras-Chave: Alginato de Sódio, Antioxidantes, Goma Arábica, Microencapsulação, Quitosano 

Modificado, Sabugueiro, Secagem por Atomização.  
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1 Introduction 

 

1.1 Framing and presentation of the work 

Oxidation processes are very important for living organisms. The uncontrolled production of oxygen 

free radicals and the unbalanced mechanism of antioxidant protection result in the onset of many diseases 

and accelerate ageing [1]. In this context, many researches have been made and, nowadays, the antioxidants 

emerged as possible protection agents against oxidative damage of human body, due to their ability to 

interact with the free radicals, inhibiting the oxidation reactions [1,2]. This beneficial property leads to a 

growing interest in the substances that exhibit antioxidant properties, mainly the natural ones, that possess 

much less collateral damages to the human body. These natural antioxidants can be found in some quotidian 

aliments, like fruits, vegetables and nuts but, normally, the consumption of this type of products do not 

provide the necessary antioxidants amount to prevent the above-mentioned diseases. In this context, the 

production of food, cosmetic and pharmaceutical functional products has become relevant. However, 

several limitations have been associated with the use of these antioxidant compounds, due to their low 

bioavailability, low water solubility, rapid catabolism and excretion and low stability in environmental, 

processing and gastrointestinal conditions [3]. These compounds can be degraded if exposed to oxygen, light, 

enzymatic activities, adverse temperature and pH conditions, metal ions and water, which leads to an 

alteration of their beneficial properties [4,5]. Therefore, it is important to ensure that these substances 

remain unchanged since its production until its consumption, completely protected from external 

degradation factors. An viable solution is the use of microencapsulation techniques, since it enables the 

protection of the compounds by their incorporation into a protective matrix, preserving the biochemical 

functionalities of these substances [3,5]. 

The plant kingdom offers a wide range of biologically active compounds, namely natural antioxidants 

[1]. Normally, these antioxidant properties of the plants are related with the presence of phenolic 

compounds, especially flavonoids. In addition to their free radical scavenging property, flavonoids are 

reported to have multiple biological effects, including anticarcinogenic, anti-inflammatory, antibacterial, 

immune-stimulating, antiallergic and antiviral, as well as tightening blood capillaries [1].  

Sambucus Nigra L. (elderberry) is a deciduous shrub, composed mostly by sugars, organic acids, 

anthocyanins and quercetins [6]. These last two sorts of compounds (anthocyanins and quercetins) make part 

of the flavonoids group, that provides to this plant some antioxidant properties. Since elderberry is an 

extremely accessible and abundant plant, being available in several regions of the globe (Europe, Asia, 

North Africa and USA), its integration in some products may be, in the future, something profitable and 

beneficial to prevent the diseases previously described. During this experimental work, it was made a study 

about the viability of the incorporation of the elderberry extract into some food, pharmaceutical and 

cosmetic products. To ensure the effectiveness of its antioxidant compounds, this extract was subjected to 

an encapsulation procedure by spray-drying, a simple, flexible and rapid technique, that leads to a high 

encapsulation efficiency and to a good stability of the finished product [2,5,7]. After their formation, the 

microcapsules were characterized by size and morphology. The mechanisms of release were studied, as well 

as some mathematical models used to adjust the experimental results obtained in the release studies.   
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2     Introduction 

1.2 Contributions of the Work  

The mains objectives of the current work were the microencapsulation of the elderberry extract 

and the posteriorly evaluation of the viability of the incorporation of its capsules into food, pharmaceutical 

and cosmetic products.  

To develop a successful controlled release product, it is necessary to select the encapsulation 

technique most adequate to the experimental variables, as well as the encapsulating agents used to protect 

the active agent from adverse conditions. In this procedure, spray-drying was nominated as the 

encapsulation technique, due to its simplicity, flexibility and availability. To be possible the evaluation of 

the influence of the encapsulating agents on the encapsulation efficiency, three different materials were 

selected as carrier agents: modified chitosan, sodium alginate and gum Arabic. Furthermore, being the rutin 

the main polyphenol of the elderberry composition, its encapsulation was also performed, in order to study 

the differences between an encapsulation of a pure compound and an encapsulation of a plant extract, 

formed by a mixture of several natural compounds.  

In the end, the capsules recovered from the spray-dryer were characterized by size, morphology 

and release profile. This last procedure was performed in deionized water, in order to simulate industrial 

aqueous formulations that are the most common delivery medium applied on food, cosmetic and 

pharmaceutical products. Furthermore, the encapsulation efficiency and the product yield were also 

calculated for all the analysed samples.  

Analysing some previous researches about elderberry, it is possible to verify that exists only one 

scientific publication that reports a microencapsulation procedure of this plant. In this article, the bioactive 

compounds of elderberry were enclosured into liposomes, more precisely into lecithins. The aim of this 

research was to compare the suitability of lecithins obtained from egg yolk, soybean and sunflower for 

encapsulation of elderberry extracts into liposomes, to apply on the food industry. In the end, the results 

obtained show that none of the investigated lecithins could be used on the food industry. Although it was 

achieved an encapsulation efficiency of 69% for sunflower lecithins, the stability of this capsules was not 

satisfactory. On the other hand, the egg yolk and sunflower lecithins showed a highest stability but a lower 

EE. Due to the failure of this investigation, it is necessary proceed to the realization of new researches 

about the elderberry encapsulation, which proves the utility of this experimental work.  

On the other hand, the encapsulation of antioxidant compounds has been discussed by several 

authors, having most of them achieved successful results [4,8–10]. However, the use of the elderberry extract 

as a source of polyphenols brings a lot of advantages, mainly related with the natural composition of this 

extract. Furthermore, due to the increasing demand for compounds with antioxidant properties, is always 

rentable the investigation of new antioxidant sources and the study of their incorporation into functional 

products in the food, pharmaceutical and cosmetic industry.  
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1.3 Organization of the thesis  

The present dissertation is divided in 6 individual chapters. It begins with the introduction of the 

theme, where is made a briefly framework of the problem and described the main objectives of the work. 

Furthermore, it includes a description of previous researches, made by other authors, with some relevance 

for the current dissertation. The chapter 2 contains a theoretical introduction about the topics discussed 

along the thesis, including some microencapsulation concepts and information about elderberry. The 

description of all the processes realized during the experimental work, as well as the equipment and the 

solutions used in the implementation of these procedures, are present on the chapter 3. The chapter 4 

includes all the results obtained along the experimental work, since the microencapsulation procedure until 

the characterization of the capsules: it begins with the calculation of the product yield and with the 

determination of the total phenolic content, and ends with the results from the particle size distribution 

analyses, from the SEM evaluation and from the controlled release studies. This last topic includes the 

calculation of the encapsulation efficiency. Finally, in the chapter 5, the main conclusions of the project 

are presented, and in the chapter 6 it is made a self-critical evaluation of all the realized work, that includes 

some suggestions of new approaches for the theme. In the end, it is possible to consult the references, used 

to support the current dissertation, and additional explanations about some theoretical and practical topics 

of the work.    
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2 Context and State of the art  

2.1  Elderberry (Sambucus nigra L.)  

 Elderberry (Sambucus nigra L.) (Figure 1(A)) is a deciduous shrub that grows on sunlight-exposed 

locations in most parts of Europe, Asia, North Africa and USA. It can reach up to 6 m in height and develop 

small and white hermaphrodite flowers (Figure 1(B)), that bloom in early summer, and dark purple berries 

(Figure 1(C)), that ripen in late summer [6].  

 

In the past, the infusions of the elderberry flowers, as well as its berries, were used in domestic 

medicine as a remedy for various kinds of diseases. Nowadays, Sambucus nigra L. can have a lot of different 

applications, depending on the structural parts of the plant that are used. For example, elderberry cultivars 

are applied on ornamental purposes, whereas elderflower extracts serve as beverage and food flavourings. 

In other hand, elderberry berries have been globally utilised as a medicine or a source of dietary 

supplements [6]. The interest in this plant has been increasing due to its relatively high content in bioactive 

compounds, namely substances with antioxidant properties that will be presented in more detail in the next 

sections. 

 

2.1.1 Composition: The Phenolic Compounds 

Based on a study made in 2009, which had as main objective to verify the composition of the 

elderberry fruits, it is possible to conclude that they are composed mostly by sugars, organic acids, 

anthocyanins and quercetins [6]. These last two groups of compounds (anthocyanins and quercetins) were 

also detected in the elderberry extract, during a research of Dawidowicz, Wianowska and Baraniak [1]. It 

revealed the presence of five types of anthocyanins (cyanidin 3-sambubioside-5-glucoside, cyanidin 3,5-

diglucoside, cyanidin 3-sambubioside, cyanidin 3-glucoside and cyanidin 3-rutinoside), being cyanidin 3-

glucoside and cyanidin 3-sambubioside the most representative ones (Figure 2(B), 2(C)). In the group of 

(C) 

(B) 
(A) 

Figure 1 - Elderberry: (A) Tree; (B) Flowers; (C) Berries (extracted from: (A) https://www.pinterest.pt/lahauteroche/un-sureau-

dans-mon-jardin-an-elderberry-in-my-gard/; (B) http://www.dungarvanhealthstore.ie/?m=201006; (C) 

http://www.herbwisdom.com/herb-elderberry.html). 
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quercetins was detected quercetin, quercetin 3-rutinoside and quercetin 3-glucoside. The main quercetin 

in the elderberry cultivars was quercetin 3-rutinoside that can also be called rutin (Figure 2(A)). 

 

  

The anthocyanins and the quercetins make part of a group of ingredients called flavonoids. The 

flavonoids are a class of phenolic compounds that exhibit antioxidant proprieties, being, for that reason, 

the most interesting substances for industrials applications. Nowadays, there are around 8000 polyphenols 

described in literature, that can be divided in several groups that range from simple molecules to 

polymerized compounds (Figure 3) [11]. They are secondary metabolites of plants and their chemical 

structure basically includes a hydroxylated aromatic ring [12]. In addition to elderberry, polyphenols can also 

be found in foods, such as vegetables, fruits and grains and in other products that make part of people’s 

daily life, such as coffee [13].  

 

2.1.2 Properties  

The most beneficial properties of S.nigra extracts are mainly connected with the presence of 

phenolic compounds, mainly flavonoids. In the nature, these compounds are essential for diverse biological 

activities of the plants, such as pollination, signalization and defence strategies under stress conditions (UV 

Figure 3 – Classification of the different groups of phenolic compounds. 

(A) (C) (B) 

Figure 2 - Chemical structures of the main flavonoids presents on elderberry: (A) Rutin; (B) cyanidin 3-

sambubioside; (C) cyanidin 3-glucoside (adapted from [1]). 
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light, infection, among others) [11]. On the other hand, when ingested by human beings, they can bring many 

health benefits.  

Recent studies confirm that one of the main causes behind premature aging and dangerous diseases 

like cancer, cardiovascular diseases, neurodegenerative diseases (Alzheimer and Parkinson) or diabetes lies 

on the excessive accumulation in the human body of products derived from oxygen and nitrogen reactions, 

such as superoxide anion, hydroxyl radical and hydroperoxyl radical. The constant formation of free radicals 

causes oxidative stress conditions, damaging DNA molecules, blood vessel walls, proteins and lipids. Is this 

cleavage of DNA molecules that influences cell growth regulation, which results in the formation of 

cancerous cells and in the development of cardiovascular diseases [13]. One possible solution for this problem 

is the consumption of products that contain phenolic compounds, like anthocyanins, once they are free 

radical scavengers. For that reason, they can act like potential chemo-preventive agents, neutralizing the 

activities of these highly reactive molecules on the cells and inhibiting co-oxidation reactions [1]. 

Among their antioxidant capacity, polyphenols comprise a wide spectrum of biological activities, 

such as anti-inflammatory, anticarcinogenic, immune-stimulating, antiallergic, antibacterial and antiviral 

properties, which leads to theirs potential use as therapeutic agents [3]. Furthermore, these compounds can 

also be used on the modification of organoleptic properties (e.g., colour and flavour), mainly on food 

applications [3,6].  

Comparing the neutralizing activity of the diverse structural parts of the elderberry, it was revealed 

that all the extracts from the berries, flowers and leaves exhibit similar antioxidant activities [1]. However, 

these results can be slightly different, depending on the temperature used during the experimental 

procedure. On the other hand, based on the same study, it is possible to concluded that the higher 

concentrations of flavonoids in the extract, the higher their antioxidative ability. However, there is not a 

direct correlation between these two variables, which occurs due to the complexity of the plant extracts. 

In the last years, due to all the beneficial properties before mentioned, elderberry have gain 

consumer trust. However, its direct use on industry has some obstacles, which makes necessary to create 

delivery systems that ensure an efficient utilization of this natural resource. 

 

2.2 Delivery systems for Sambucus nigra L. 

Both for technological and nutritional abilities, phenolic compounds are an interesting ingredient to 

use on several industrial applications. However, as was previously said, several limitations have been 

associated with the use of these compounds, due to their low bioavailability, low water solubility, rapid 

catabolism and excretion and low stability in environmental, processing and gastrointestinal conditions [3]. 

These compounds can be degraded if exposed to oxygen, light, enzymatic activities, adverse temperature 

and pH conditions, metal ions and water, which leads to an alteration of their therapeutic properties [4]. On 

the other hand, these factors can limit the shelf life and bioavailability of elderberry products, once they 

can form degradation compounds (off-flavours, off-colours, carcinogenic) [5]. Therefore, it is important to 

ensure the presence of these substances in the product, since its production until its consumption, 

protecting them from external degradation factors [5,12].  
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A viable solution for the mentioned problems is the use of microencapsulation techniques. They 

allow the protection of a wide range of compounds by their incorporation into a protective matrix, 

preserving the biochemical functionalities of these substances [3].  

 

2.2.1 Microencapsulation 

Microencapsulation technology emerged in the decade of 30’s but was only in 1950 that occurred 

the first large-scale application of this procedure [7]. Over the last two decades, the applications of 

microencapsulation increased in an exponential form and, nowadays, this procedure is used in different 

industries, such as food (e.g., functional compounds, additives, dyes, flavours), textile, pharmaceutical 

(e.g., vaccines), cosmetic and agrochemical industries, allowing the utilization of some substances that 

otherwise would be unfeasible, like some heat, temperature or pH sensitive compounds [14].    

Encapsulation is a technique in which one or more solid, liquid or gaseous particles are trapped 

within some form of matrix, staying surrounded by a coating material [7]. This matrix can be solid or liquid, 

homogeneous or heterogeneous, and microscopic or macroscopic [15]. The ingredient to be entrapped is 

called of “active”, “core”, “internal phase” or “fill” material, whereas the material that forms the matrix 

is denominated as “wall”, “encapsulating agent”, “shell”, “carrier” or “membrane” material [15]. This 

technique acts as a physical barrier between the core and the wall materials, protecting the active 

substance from the external medium [7].  

Microcapsules can be classified according to their size, structure and morphology (Figure 4).  

 

 

 

Depending on their size, the capsules formed during this procedure can be referred to as 

macrocapsules, microcapsules or nanocapsules, if they have diameters bigger than 5000 µm, around 1 to 

5000 µm or smaller than 1 µm, respectively (Figure 4) [13].  

 

 

 

Figure 4 - Classification of the microparticles. 
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Generally, two major classifications related to 

particles morphology exist: microcapsules and 

microspheres (Figure 5). The first one is a reservoir 

system, where the core is surrounded by an outside 

layer, and the second one is considered as a matrix 

type, where the core is homogenously integrated within 

the shell material [13]. However, microcapsules can have 

more than one active agent and/or encapsulating 

material, which leads to the building of different walls, 

with different chemical and physical properties [14]. 

Consequently, particles acquire other morphologies, with regular or irregular shapes and with or without 

aggregates (Figure 4) [16]. 

Relatively to their shape, microcapsules can be regular (like spherical, tubular and oval) or irregular 

(Figure 4) [7]. 

 

In the development of new delivery systems, it is necessary to choose an encapsulating technology 

and wall material compatible with the properties of the active agent that will be incorporated in the final 

capsules. In addition, it should be considering the release mechanism, the overall cost-in-use, the security 

of the system in which the capsules will be incorporated and the final application of the product [15].  

The selection of the microencapsulation method and of the encapsulating agent are interdependent 

[14]. So, based on the encapsulating agent (or method applied), the appropriate method (or encapsulating 

agent) is selected [14]. In Table 1 are listed some phenolic compounds encapsulated by other authors, using 

different techniques and encapsulating agents. 

 

Table 1 - Methods used to encapsulate polyphenol compounds. 

Polyphenol Method Encapsulating Agent Reference 

Clitoria ternatea (CT) 

petal flower extract 
Extrusion 

Alginate with calcium 

chloride 

[17] 

Ceratonia siliqua L. 
Double emulsion/ 

solvent evaporation 
Polycaprolactone (PCL) [18] 

Olive Kernel Freeze-drying Maltodextrin [19] 

Brassica oleracea L. Complex Coacervation 

Gelatin 

Gum Arabic 

[20] 

Chlorella vulgaris 

(Curcumin) 
Freeze-drying Alg Cells [21] 

Gallic Acid Spray – Chilling 
Soybean Oil + Hydrogenated 

soybean Oil 

[12] 

 

Figure 5 - Microcapsules morphologies (adapted from [38]). 
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Polyphenol Method Encapsulating Agent Reference 

Gallic Acid Lyophilization 

Chitosan 

β – cyclodextrin 

Xanthan 

[8] 

Camellia sinensis L. Spray-drying 
Hydroxypropyl 

methylcellulose phthalate 

[22] 

 

The criteria for choosing the wall material are mainly based on their physicochemical properties, 

such as solubility, molecular weight, glass transition temperature, diffusivity, film formation capacity, and 

emulsifier characteristics, as well as on the stability and release characteristics of the core material [15]. On 

the other hand, the choice of the microencapsulation method depends on aspects such as physicochemical 

properties of the encapsulated and encapsulating material, the release characteristics of the encapsulated 

compound, purpose and cost. Generally, it should be simple, reproducible, fast, effective and easy to 

implement on industrial scale [7].  

On the other hand, in the formulation of microencapsulating systems, it is important to analyse the 

release mechanism of the core material, which it is determined by the particles type, geometry of the 

microparticles, particles properties and core-wall interactions. It can be classified as delayed, if the main 

goal is to delay compounds release until the right time/place, or sustained, when it is important to control 

the release rate. Normally, the release of compounds is a combination of both types. The main systems 

involved in the core release may be caused or activated by [13]:  

❖ Diffusion: these systems could be classified as reservoir, if the core is able to slowly diffuse 

through a non-degradable layer coating, or as matrix, if the core is homogenously scattered in the coating 

material. In the first case, the release rate is influenced by the chemical properties of the core and coating 

material, as well as the physical properties of the coating (e.g., pore size), and, in the second case, this 

depends on the core diffusion rate through the coating; 

❖ Degradation: this involve the use of coating agents (e.g., proteins or lipids) capable of being 

degraded by enzymes; 

❖ Solvent: the systems release activated by solvents may be controlled by osmotic pressure or 

swelling phenomena. Osmotic pressure occurs when there is a variation between the core concentration 

inside and outside of a membrane, only permeable to the solvent, which leads to a solvent flow to the inside 

of capsule, causing the exit of the saturated solution. On the other hand, swelling phenomena occur when 

the coating agent is a hydrogel matrix which can absorb great amounts of water before dissolving.  

❖ pH: occur due to changes in this variable that, consequently, may lead to changes in the coating 

solubility;   

❖ Temperature: fluctuations of this condition may cause changes in the particles physical state 

and/or release rate, resulting in a thermo-sensitive release, if occurs a collapse or distention of the coating 

material, or in a thermal-activated release, if occurs the fusion of the coating due to temperature rising;  

Table 1 (Continuation) - Methods used to encapsulate polyphenol compounds. 
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❖ Pressure: occurs when pressure is applied to the particles surface. 

Prediction of release profiles remains a challenge in biological systems, but, in the end, the main 

goal is the same for all industry types: avoid an early and instant release, allowing a targeted and prolonged 

effect. 

 

After its formation, microcapsules should be evaluated to ensure that they were correctly 

formulated and to predict if, when impregnated in an appropriate delivery system, they will act effectively 

(with a correct retention time and stability). Techniques of microparticles assessment include scanning 

electron microscopy (SEM), transmitting electronic microscopy (TEM), Fourier transform infrared (FTIR), 

spectrophotometry, X-ray diffraction (XRD) and differential scanning-calorimetry (DSC). In addition, can be 

performed some in vitro and in vivo tests, the first one involving the evaluation of prepared microcapsules 

under simulated conditions, similar to the final environment that they will be submitted, and the second 

one allowing the determination of efficacy, toxicity and pharmacology of the final capsules, through the 

use of some animals models, like rats, pigs and rabbits [23].  

 

So, in summation, the procedure to follow during the development of microcapsules should involve 

the following stages (Figure 6) [13]: 

❖ Identification of the core; 

❖ Selection of the encapsulating agent and microencapsulation technique; 

❖ Microcapsules formulation; 

❖ Microcapsules preparation; 

❖ Evaluation of microparticles properties, stability and release behaviours (in vitro and in vivo); 

❖ Test final properties, after all the required reformulations. 

 

Overall preparation of microcapsules should be considered as a trial-error process, where 

reformulation is often necessary in order to achieve the established requirements.  

In the end, the final capsules are able to isolate and protect the active substance from the effects 

of UV rays, moisture and oxygen, avoiding their inadequate exposure and providing an individual package 

for sensitive ingredients [24]. On the other hand, microencapsulation allows the improvement and/or 

modification of the properties of the core compound, like colour, shape, volume, apparent density, 

reactivity, durability, pressure sensitivity, heat sensitivity and photosensitivity. Additionally, it can increase 

Figure 6 - Steps to follow during the design of functional products (adapted from [13]). 
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the storage life of a volatile compound; decrease the rate of evaporation or transfer of the active material 

from the core to the medium (control release); prevent chemical reactions with external factors; reduce 

agglomeration problems of finely divided powders; improve the handling properties of sticky materials; 

reduce toxicity or irritancy; avoid the loss of compounds; overcome solubility incompatibilities between the 

active agent and the substance where the capsules will be incorporated [9,14].  

 

2.2.1.1 Microencapsulation Techniques 

There are various techniques available for microencapsulation and its selection could be very 

complex. Like it was previously mentioned, it depends of the physical and chemical properties of core and 

coating materials, of the release characteristics of the encapsulated compound, of the final application of 

the capsules, of the type of microcapsule desired (size and shape), of the scale of production and of the 

costs [25]. In each one of the available procedures, it is necessary optimized the processing parameters. 

These conditions are responsible for the microparticles final properties and so, depending on the final 

purpose of the capsules, they should be adapted to the selected process [7]. 

Currently, there are numerous methods of microencapsulation, that have been studied through a 

lot of scientific publications and patents, being some of them already implemented at industrial scale [5]. 

This number continues to increase as companies invest in their technologies and, nowadays, the 

performances and applicability of some techniques have already been evaluated. However, this diversity of 

methods can be divided into three mains categories: chemical processes (e.g., interfacial and in situ 

polymerization methods); physicochemical processes (e.g., coacervation (phase separation), and 

emulsification solvent evaporation/extraction); and physical-mechanical processes (e.g., air suspension 

method, pan coating, spray drying, spray chilling, spray cooling and fluid bed coating) [7]. These procedures 

are described with more detail in Appendix 1.  

Spray-drying was the microencapsulation technique selected for this experimental procedure, due 

to its simplicity, flexibility and availability, that leads to high encapsulation efficiency and to a good stability 

of the finished product. One the other hand, is one of the favourite methods used in the industry. 

 

2.2.1.1.1 Spray Drying  

 

Spray-drying is a physical-mechanical method developed in 1930  that, nowadays, is considered one 

of the most common microencapsulation procedures [7]. In this continuous and single-cycle process, the 

active compound dispersed, solubilized or emulsified in an solution, suspension or emulsion of the 

encapsulating agent is homogenized and atomized into the heated compartment of a spray-dryer and, after 

the evaporation of the solvent, the dried microparticles are recovered [26]. Thus, during this procedure, 

occurs the transformation of the liquids, feed to the spray-dryer, into stable and easily applied powders, 

via the following steps [5,7,14,16,27]: 

❖ Dissolving, emulsifying or dispersing the active compounds (core material), usually a water-

immiscible oil, in a concentrated solution of the carrier (often an aqueous solution) (Figure 7 (1));  
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❖ Atomization (formation of droplets with diameter of a few microns) of the resulting solution or 

dispersion (Figure 7 (2)); this procedure can be made by different types of atomizers (pneumatic atomizer, 

pressure nozzle, spinning disk, fluid nozzle and sonic nozzle); 

❖ Spraying of the droplets that are posteriorly dehydrated into capsules with diameters from 10 to 

300 µm in the heated chamber of the spray drier (Figure 7 (3)); this drying process of dispersed liquid drops 

is realized using hot air (160-220 °C); 

❖ Separation of the capsules from the drying air, at a lower temperature (50-80 °C), at the cyclone 

(Figure 7 (4)); In addition to this equipment, spray-dryers can also have some filters (“bag houses”) that 

removed the finest powder.  

❖ Recovering of the final capsules (Figure 7 (5)).  

 

This technique can be used for many heat-sensitive compounds (i.e., volatile materials), without a 

significant loss, due to its short contact time in the drier (only a few seconds): during the drying process, 

for every cubic meter of atomized material, thousands of square meters of contact surface are generated, 

resulting in a limit exposure of the product to heat, a rapid evaporation of solvent and an almost 

instantaneous entrapment of the active compound [5]. 

Spay-drying is a simple, flexible, rapid, low operating costs and easy scaling-up technique and allows 

a large-scale production in continuous mode, a high encapsulation efficiency, a good stability of the finished 

product and easy handling, an easy control of microparticles properties and a good retention of volatiles 

[2,5]. Furthermore, it has a large equipment availability and it is considered a clean technology (avoids the 

utilization of organic solvents) [28]. This method has the ability to decrease the water activity, ensure 

microbiological stability, avoid degradation processes, reduce storage and transport costs and enhance the 

instantaneous solubility of the final product [3]. Due to all the advantages before mentioned, this is one of 

the microencapsulation techniques most used on industrial and laboratory applications and, for that reason, 

it was the procedure selected for this experimental work.  

Figure 7 - Schematic representation of spray-drying process (adapted from [14]). 
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The main disadvantage of spray-drying is the formation of particles with non-uniform size and shape, 

as well as the particles tendency to aggregate [5]. The final microparticles may have concavities or pores on 

the outer surface, the first one due to rapid evaporation of drops of liquid during the drying process in the 

atomizer and the last one as a consequence of pressure within the capsules [5]. Furthermore, with the 

application of this procedure, occurs a rapid release of the active compounds from spray-dried 

microparticles, due to the significant amount of active compounds that stays on the particles surface. This 

problem is affected by the core-to-coating proportion, the porosity of the particles, the type of active 

compound and the environment where the particles will be incorporated. The retention of the active 

compound upon spray-drying will be better if it is less volatile, less polar, and have lower molecular weight 

[5]. On the other hand, this technique is restricted to a limiting number of encapsulating agents, that must 

be soluble in water at an acceptable level [16]. 

In general, the microcapsules produced by spray-drying will be of matrix type, with the core material 

homogeneously distributed throughout the wall material, and with a size that ranges from microns to several 

tens of microns, with a relatively narrow distribution [5,16,26]. Ideally, the walls are compact with no cracks 

or interruptions, which ensure a better protection of the active compound, but, eventually, they can present 

some surface irregularities [5]. The mechanisms of release involved are typically controlled by solvents action 

or by diffusion [14].  

Normally, the encapsulation efficiency of spray-drying varies in a range from 10 to 90%, which 

depends on the composition and properties of the wall material, on the characteristics of the core, on the 

wall/core mass ratio and on the conditions of the spray-drying process (atomization type, air inlet and outlet 

temperature, air flow and humidity levels) [5]. These parameters can also affect other variables of the 

microencapsulation procedure, as well as the final properties of the capsules. For that reason, they should 

be carefully selected, which will be explained in more detail in the next topics:  

   

➢ Wall Material 

The selection of the wall material depends on the active ingredient that will be encapsulated, the 

system in which it is going to be applied and the mechanism involved on the core release [24]. However, in 

general, a carrier material for spray-drying should have the following properties: 

❖ Be good emulsifier; 

❖ Form stabile emulsion; 

❖ Exhibit proper dissolution characteristics; 

❖ Possess network-forming abilities; 

❖ Form low-viscosity solutions at high concentrations. 

 

➢ Characteristics of the core 

In the optimization of the spray-drying parameters, it is important to consider some properties of 

the active agent solution, like its solid content and its viscosity. High values of solid content make difficult 

the spray drying process (pumping of the solution and atomization) but low values lead to the increasing of 

the energy consumption to evaporate the water content. In terms of viscosity, if this parameter is too high, 

the spray dryer process is more difficult and the microparticles formed will be more irregular [14].  
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➢ Wall/Core mass ratio 

From a study made by Balanc and Trifkovic, it was revealed that the greater the quantity of the 

core, the less is the encapsulation efficiency [5].  

 

➢ Conditions of the spray-drying 

Considering the inlet air temperature, it is shown that with the increase of this parameter, the 

volatile materials on the surface of the particles (such as water and ethanol) are more effectively 

evaporated and its content decrease; consequently, this leads to an increase in the amount of solid matter 

(active compound and wall material) that can be recovered of the spray-drier, which contributes to a higher 

product yield. However, too high temperatures during the procedure can cause transformation or even loss 

of volatile active compounds and a dysbalance between the evaporation rate and the particle formation 

rate, which can lead to a reduction of the efficiency of the process. So, it is important to find an optimal 

inlet temperature condition for which procedure. Nevertheless, during spray-drying process, the active 

components are subjected to this variable only a few seconds, being held longer time in product collecting 

bottle. For that reason, the outlet temperature and total drying time are considered more important than 

the inlet temperature. The two temperature variables are interrelated: the higher the inlet temperature 

the higher the outlet. Relative to total drying time, like in the case of the temperature, there is an optimal 

condition: if this variable is too short, the active compound could not be completely encapsulated; if it is 

too long, it would cause unnecessary economic loss [5].  

 

In the end, the best spray drying conditions, that will allow the preparation of microparticles with 

adequate characteristics considering their final purpose, are a compromise between all the parameters 

before mentioned.  

 In Table 2 are mentioned the experimental conditions and encapsulating agents used by other 

authors to encapsulate some polyphenols by spray-drying. 

 

Table 2 - Experimental conditions used in the encapsulation of polyphenols by spray-drying. 

Polyphenol Encapsulating Agent Experimental Conditions Reference 

Ribes nigrum L. 
(Black Currant 

Berries) 

Maltodextrin 
Inulin 

Tin: 150 °C – 205 °C [4] 

Vitis labrusca L. 

Gum Arabic (GA) 
Partially hydrolyzed guar 

gum (PHGG) 
Polydextrose (PD) 

Flow Rate = 0,60 L/h 
Air Flow Rate = 40,5 L/h 

Tin = 140 ºC 

[20]  

Apis mellifera L. 
(Propolis) 

Capsul® 
Tin = 150 ºC 

Tout = 100 ºC 
[29] 
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2.2.1.2 Encapsulating Agents 

To obtain the desirable encapsulation efficiency, microparticle stability and the required 

characteristics of the final product it is necessary to made an appropriated selection of the encapsulating 

agents [16]. In general, these agents should have the following characteristics [7,13]: 

❖ Be chemically compatible with the capsules destination; 

❖ Be non-reactive with the core, allowing its stabilization; 

❖ Be able to form a cohesive film with the core material; 

❖ Provide specific coating properties (stability, strength, flexibility); 

❖ Protect the active material of the environment adverse conditions (light, pH, oxygen, heat and 

another compounds present); 

❖ Allow controlled release under certain conditions (release the desired properties of the 

encapsulated ingredient in a controlled way); 

❖ Be resistant, flexible, impermeable, stable and easily handled; 

❖ Be available and have a competitive price. 

There are an enormous range of different materials that can be used as coating agents, that can be 

natural, semi-synthetic or synthetic polymers [7]. The selection of this compound and the choice of the 

Polyphenol Encapsulating Agent Experimental Conditions Reference 

BRS Violeta red 
grape juice 

Blends of whey protein 
concentrate (W) or soy 

protein isolate 
(S) with maltodextrin (M) 

Tin = 140 ºC 
Feed flow rate = 2 ml/min 

Air Flow = 500 l/h 

[30] 

Fruit wines 
(chokeberry, 

blackcurrant and 
blueberry) 

Hydroxypropyl-
bcyclodextrin 

(HP-b-CD) 
Inulin (IN) 

Tin = 140 ºC 
Tout = 70 ºC 

Drying air flow rate = 75% 

[31] 

Camellia sinensis 
L. (Green tea) 

Maltodextrin (MD) 

β-cyclodextrin (CD) 

MD + CD 

Tin = 120 ºC 
Tout = 60 ºC 

[32] 

Bayberry Ethyl cellulose 

Tin = 120 ºC 
Tout = 100 ºC 

Feed Flow Rate = 25 ml/min 
Air velocity = 2 m/s 

[33] 

Opuntia ficus-
indica (pulp and 

ethanolic 
extracts) 

Maltodextrin 
Inulin 

Air Flow = 60 l/h 
Feed Flow Rate = 10 ml/min 
Atomization Pressure = 20 psi 

Tin = 140 ºC (optimal condition) 

[34] 

Bayberry Juice Maltodextrin 
Tin = 150 ºC 
Tout = 80 ºC 

Air Flow Rate = 35 m3/h 

[35] 

Table 2 (Continuation) - Experimental conditions used in the encapsulation of polyphenols by spray-drying. 
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encapsulating method are interdependent and, both of them, will determinate the chemical and physical 

properties of the microparticles.   

Synthetic polymers are used for microencapsulation due to theirs easy modulation and properties 

optimization, since they are available in different compositions and molecules. However, these compounds 

have low biocompatibility. Some examples of synthetic encapsulation agents are aliphatic polyesters and 

modified celluloses [7].  

Natural shell materials derivate from natural polymers (plant exudates and extracts), that are 

generally non-toxic, biodegradable, abundant and that have a variable composition. They can be 

polysaccharides, proteins/peptides and lipids. The most commonly used are the polysaccharides alginate 

and chitosan [7].  

However, in many cases, some coating agents must be modified or associated to other agents (e.g. 

chitosan with hydrophilic functional groups) in order to improve its properties and overcome its limitations 

[13].  

In the last years, numerous experiments have been made to encapsulate polyphenols, in which are 

used yeast cells, β-cyclodextrins, mixtures of alginate and chitosan, gelatin, maltodextrin, proteins, gum 

Arabic, mesquite gum, and others, as wall materials (Table 1). Cyclodextrin, xanthan and inulin has been 

also used in previous studies to microencapsulate pure phenolic compounds [24]. 

Considering the specific case of spray-drying, some of the encapsulating agents most frequently 

used (Table 2) are the carbohydrates, such as polysaccharides, sugars and proteins, being the most commons 

the gum Arabic and the maltodextrin [16]. Among that, other materials, such as chitosan and inulin, have 

been also used as wall materials on spray-drying techniques [36].  

For this experimental procedure, three different encapsulating agents were selected: gum Arabic, 

sodium alginate and modified chitosan. This choice was made considering previous studies, in which occurs 

the encapsulation of natural compounds, and considering all the advantages and disadvantages of these 

carrier materials (Table 3). On the other hand, knowing from preceding researches that these compounds 

lead to the formation of capsules with completely different morphologies, it is possible to ensure an 

effective comparison between the particles formed by gum Arabic, sodium alginate and modified chitosan 

and an efficient evaluation of the influence of the wall materials on the final properties of the capsules. 

Nowadays, these agents are used on many immobilization or controlled release systems, that, in the end, 

can be applied in the pharmaceutical, food, biomedical, chemical and waste-treatment industries [37]. More 

details about these encapsulating agents are present in Appendix 2. 

 

Table 3 - Properties of encapsulating agents used during the experimental procedure (adapted from [14]). 

Polymer Advantages Disadvantages 

Alginate 
❖ Natural Source; 
❖ Relative ease of work in laboratory; 

❖ High cost on an industrial scale; 
❖ Difficult scale-up; 
❖ Very porous and permeable 

membranes; 
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2.2.1.3 Microcapsules applications 

 

The use of natural ingredients in consumer products has a very long history. Apart from being a 

source of food, many plant species biosynthesize and accumulate extractable substances with economic and 

health importance. Industrial oils, flavour and fragrances, resins, gums, natural rubber, waxes, surfactants, 

dyes, pharmaceuticals, pesticides and many specially products are raw materials that have been used in 

several consumer products, such as cosmetics, herbal medicines and pharmaceuticals [7].  

Nowadays, the interest in bioactive compounds derived from natural sources continues to grow, 

especially in the last decade, due to its range of beneficial properties for human health. So, using the new 

technologies, progressive research efforts have been made to identify the properties and potential 

applications of these substances, which allows the formulation of new bioactive products that contribute to 

health, beauty and wellness of humans and add value to products marketed [5,7]. Microencapsulation is one 

of the technological approaches that can be used to formulate these functional products and, nowadays, it 

is already explored by several industries (Figure 8).  

Polymer Advantages Disadvantages 

Gum Arabic 

❖ Solubility adequate; 
❖ Low viscosity; 
❖ Good emulsifying properties; 

Smooth taste; 

❖ High Cost; 
❖ Problems of availability; 

Chitosan 

❖ Natural Product; 
❖ Derived from Glucose; 
❖ Good results in the gradual release 

of various drugs; 
❖ Ability to adhere to the gastric 

mucosa; 
❖ Non-toxic; 
❖ Degradable and Biocompatible; 
❖ Products resulting from the 

degradation are not toxic; 
❖ Does not cause allergic or irritant 

reactions; 
❖ Permeability increases with decrease 

of pH; 
❖ Versatility in applications. 

˗ 

68%

13%
8% 5% 3% 2% 1%

Pharmaceutical Food Cosmetic Textile Biomedical Agricultural Electronic

Figure 8 - Industrial applications of microencapsulation [38]. 

Table 3 (Continuation) - Properties of encapsulating agents used during the experimental procedure (adapted from [14]). 
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In the case of the phenolic compounds, namely the elderberry, since they have antioxidants 

properties, their extracts can be used mainly in cosmetic, pharmaceutics and food manufacturing.  

 

2.2.1.3.1 Food Industry 

 

Nowadays, the consumers are concerned about their health and leading a healthy life, showing 

interest in food that contain bioactive or functional ingredients (especially natural ones) that increase food 

nutritional value and health status [13]. Therefore, the role of food in the modern lifestyle exceeds its basic 

nutritional needs (satisfying hunger and providing necessary nutrients), being now used to prevent some 

nutrition-related diseases and to improve the physical and mental well-being of consumers [5]. So, while the 

contemporary industrial production of foods involved the addition of functional ingredients to improve their 

flavour, colour, texture or preservation properties, currently it includes the addition of some bioactive 

compounds with potential health benefits, such as antioxidants, leading to the design of new supplements 

and functional food products [5]. One of the most common and advantageous delivery systems for these 

“nutraceuticals” is microcapsules, that can be added to a solid, semisolid, powder or liquid format such as 

bakery and cereal products, dairy products (milk and fermented milk products), meat products, gums, 

candy, pastas, energy drinks, juices, among others [13,36]. Microencapsulation is used in the food industry 

mainly to decrease the transfer rate of core material to the surrounding material, especially during the 

processing of storage; to reduce the reactivity and incompatibility of compounds with the outside; decrease 

the loss of nutritional value; mask the undesirable taste of some compounds; change the shape and volume 

of some material to improve their handling; dilute the core material to allow the decreasing of its quantity 

when its necessary; control the release of core material to achieve the property delay until the right stimulus 

[14,16]. In the specific case of polyphenols, this procedure allows to avoid the degradation and/or formation 

of some interactions between the active agent and other macromolecules, such as polyphenol-protein and 

polyphenol-polysacharide [13,36]. 

Some of the microencapsulation techniques used to produce functional food products include 

coacervation, emulsification, fluid bed coating, liposome entrapment, freeze-drying, inclusion 

complexation and spray-drying [13]. This last one is the most used because it produces powders materials, 

that can reduce the probabilities of occurring some incompatibilities between the active agent and food 

matrix [9]. 

In what concerns to the encapsulating agents, the most common materials are the carbohydrates, 

cellulose, gums, lipids and proteins [13].  

In this industry, the release can be controlled by a solvent, in the case of hydrophilic compounds, 

or by the temperature, if occurs the encapsulation of fat particles [13]. However, pH control, addition of 

surfactants, enzymatic release and ultrasonics may also be release triggers in food products [13].  

In food applications, there are many additional factors that need to be considered when designing 

effective encapsulation systems, such as [5,13–15]: 

❖ All the components used to assemble a delivery system should be “generally recognized as safe” 

(GRAS); 

❖ The fabrication method should be economically viable and robust so that it can be used 

commercially for large scale production;  
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❖ The delivery system should not adversely impact the organoleptic properties of the food products, 

such as appearance, texture or flavour; 

❖ Particle size should be smaller than 30 µm, in order to avoid a gritty mouthfeel sensation, which 

could affect the sensorial properties of the product, namely its texture; 

❖ The delivery system should be able to incorporate bioactive compounds into food matrices with 

high physicochemical stability; 

❖ The delivery system should be able to protect the encapsulated compounds from interaction with 

other food ingredients and from degradation due to temperature, light or pH; these bioactive ingredients 

are normally delivered simultaneously with other foods, which increases the complexity of this industry and 

leads to a carefully optimization of the microcapsules formulation; 

❖ The delivery system should remain physically stable during food processing, transport, and 

storage; 

❖ The encapsulation system should maximize the uptake of encapsulated compounds upon 

consumption and ensure controlled release in response to a specific environmental stimulus (e.g., 

gastrointestinal tract); actually, after been orally consumed, biological components are subjected to rapid 

intestinal and first-pass metabolism, causing the transformation of their chemical structure, and changes in 

their bioactivities; 

❖ The cost of the product should be very stringent; in the food industry, it was expected a maximum 

cost for a microencapsulation process of, approximately, 0,1 €/kg. 

However, this procedure is still performed at low levels (1-5%) due to the cost of the encapsulation 

process. Therefore, food manufacturers need to improve the cost in use of these products and to structure 

new scale-up systems in order to generate commercially viable encapsulation techniques, with a large 

product applications [5]. The development of these systems should be a collaboration between the 

manufacturer of the final food product, that can provide useful information about the technological process, 

market and consumer requirements, and the microparticles developer, that is able to identify the capsules 

performance and limitations [13]. Nevertheless, these business area will continue to have an increasing 

impact on food processing, driven by the growing demands for safe and sustained nutrition, and supported 

by the fast increase in the global sector of preserved and packaged food products [5].  

 

2.2.1.3.2 Pharmaceutic Industry 

Currently, the researches made for pharmaceutical purposes have as main goal finding new drug 

delivery systems that can, at the same time, reduce the adverse reactions and side effects, be suitable for 

the required administration mode, allow a specific delivery, increase shelf-life and allow a controlled and 

sustained release of compounds [38]. Therefore, microencapsulation becomes very useful once it can solve 

all the above-mentioned conditions.  

One of the main problems of the non-encapsulated active pharmaceutical ingredients is the need of 

a multiple administration, due to the short life of these compounds. Using microcapsules is possible to 

protect these ingredients from degradation, allowing an appropriately release and a correct concentration 

of the active agent over time [38].  
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Formulated microparticles should be biocompatible, stable and safe [38]. On the other hand, other 

parameter that should be considered in development of drug delivery systems is the size of the capsules. 

Although there is no upper limit of this property, smaller particles can pass more easily through the 

gastrointestinal tract and arrive faster to the colon. This allows better interactions and a large residence 

time in the colon. On the other hand, particle size can affect the rate of drug release, drug distribution, 

degradation rate, among others [23]. However, this size control is difficult, which results in low 

reproducibility of the production process, especially on a large scale. Another problem that results of the 

use of microencapsulation is the loss of bioactivity during all processing steps (preparation, storage and 

release). So, there is a large probably of occurs a reduction of the therapeutic capacity and even an increase 

of the side effects. Yet, despite all the difficulties that can emerge from the application of this procedure, 

traditional therapies have been progressively replaced by more advanced technologies, like 

microencapsulation [38]. 

 

2.2.1.3.3 Cosmetic Industry 

 

Cosmetic, perfumery and personal care industry invests in innovative technologies and scientific 

knowledge to put into the market new or updated products which satisfy the increasingly demanding 

expectations of consumers. In this era, consumers are looking for effective, safe and natural products that 

contribute to their health, wellness and beauty. This interest has challenged the cosmetic industry to 

develop new formulations, with new bioactive ingredients, increasing the researches about medicinal, 

aromatic and cosmetic plant extracts, which can be useful in health and cosmetic care products. As a result, 

the cosmeceutical products have increasingly become popular [7]. 

In the specific case of polyphenols, the advantage of their inclusion into beauty products are related 

to their antioxidant properties. The use of these natural compounds in the cosmetic industry has been 

increasing due to the need of replace synthetic ones, since some of them have carcinogenic effects. 

Nowadays, these substances can be applied in the product using microcapsules, that allows the stability of 

the active agent and avoid its oxidation and inactivity before reaching the target site. These systems permit 

a safe and target delivery of the active ingredients, a protection of the compounds from oxidation and 

degradation, a controlled release of cosmetic ingredients and a better odour, tactile and visual 

characteristics of cosmetic products [2]. In this industry, the most common procedures are spray-drying and 

extrusion, as well as freeze-drying, coacervation and adsorption techniques [7]. On the other hand, the 

encapsulating materials most used are the biopolymers and the biodegradable polymers. Among these, for 

topical delivery systems, chitosan is also a good option [2].  

Nowadays, the application of antioxidant compounds on cosmetic products is already made, namely 

in creams and lotions. Skin, being the outermost barrier of the human body, is frequently exposed to 

oxidative stress from exogenous sources. This leads to the generation of reactive species that may cause 

oxidation of biomolecules leading to cell damage and several skin problems, including premature skin aging 

(discoloration, loss of elasticity and wrinkles), inflammatory reactions and malignant skin lesions (skin 

cancer) [2,7]. Moreover, creams and lotions commonly comprise lipids, oils and fats, that are often prone to 

oxidation reactions, which generate compounds that cause rancidity, off-aromas, alterations of colour and 

activity losses, leading to the deterioration of cosmetics and thereby limiting the shelf life of these products 
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[2]. Therefore, the use of antioxidants, which are molecules capable of inhibiting or delaying the oxidation 

of other molecules, constitute an important group of cosmetic active ingredients. 

 

2.2.1.4 Improvements on microencapsulation technique for antioxidants 

Microencapsulation proves to be an effective method in the protection and release of antioxidants. 

Nevertheless, some techniques have been investigated in order to enhance its benefits. One of them defends 

the use of a coating/shell material around the particles which will cause retardation of the bioactive release 

and even increase of antioxidant activity. Moreover, similar effects are observed with cross-linking of the 

encapsulating agent [13]. However, this type of agents is very specific for some biopolymers.  

Crosslinking agents, that can be used, for example, with chitosan, have a great influence on the 

surface morphology, erosion, swelling and on the release behaviour of the microparticles, what can cause 

an improvement of their stability. Depending on the nature of the crosslink agent, the main interactions 

forming the network between this agent and the active material are covalent or ionic bonds. Covalent 

crosslinking leads to the formation of microparticles with a permanent network structure, due to the 

development of irreversible chemical bonds. Crosslinkers agents used to establish this type of connections 

needs to have, at least, two reactive functional groups that allowed the formation of bridges between 

polymeric chains. This linkage permits the absorption of bioactive compounds without dissolution and a drug 

release by diffusion. However, its main disadvantage is that these molecules are generally toxic and, for 

that reason, they cannot be used in food applications. Therefore, sometimes it is necessary to use ionic 

crosslinking agents, due to their biocompatibility. In these cases, the network formed is reversible [27]. A 

recent study shows that the addiction of TPP (crosslink agent) to the active substance leads to the formation 

of microparticles with a smooth surface and with a sustained release of the active agent. However, these 

alterations are affected by the volume of crosslinking agent added [25].   

Other techniques that are able to improve microencapsulation efficiency are high hydrostatic 

pressure and incorporation of a starch filler [13]. 

 

 

Nowadays, diseases like cancer, Alzheimer and Parkinson are becoming more common and the 

available treatments starts to be insufficient to meet the needs of the patients. In this context, emerge the 

necessity of develop innovative solutions, like the creation of functional products, that can incorporate 

diverse substances with many health benefits. The most available and soft compounds that can be used in 

these new products are the natural ones, like the elderberry, that exhibit antioxidant properties, allowing 

an effective and continuous prevention of the above-mentioned diseases.  
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3 Materials and Methods  

3.1 Materials 

All the solutions used during the experimental procedure are described in Table 4. This table 

includes the company that provides the reagents and the role of each of them in the experimental work.  

 

Table 4 - Reagents used in the experimental work. 

Reagent Company Function 

Rutin Sigma 

Active Agent for Encapsulation 

Active compound used in the 

calibration 

Gallic Acid Sigma Active compound used in the 

calibration (FC Method) 

Sodium Carbonate Prolabo FC Method 

Folin-Ciocalteu reagent Sigma - Aldrich FC Method 

Chitosan Aldrich Encapsulating Agent 

Gum Arabic Fluka Analytical Encapsulating Agent 

Sodium Alginate Aldrich Encapsulating Agent 

Ethanol (96%) Valente e Ribeiro, LDA Extraction Agent for Elderberry 

Ethanol (99%) Valente e Ribeiro, LDA Dispersant on Coulter experiments 

 

 

Sambucus Nigra L. (elderberry) was directly collected from a plantation located on the north of 

Portugal. Modified chitosan was produced by carboxylation of chitosan, and had a deacetylation degree of 

96,5% and a viscosity (1%, 25°C) of 5 mPa.s. 

In this work, all the solutions were prepared with deionized water, obtained from EASYPure RF from 

Branstead (Figure 9). This type of water was also used in all the tests made during this experimental work, 

such as spray-drying and controlled release studies. On the other hand, all the measurements were 

performed using an analytical balance (Figure 10).  
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3.2 Preparation of solutions 

This experimental work can be divided in three different steps: the first one corresponds to the 

validation of the analytical method, that consists in the trace of the calibration curves; the next stage is 

the microencapsulation of the extract, using the spray-drying technique; in the end, the capsules are 

characterized and evaluated by size, morphology, release profile and polyphenol content. All the solutions 

used during these steps were prepared at room temperature, with deionized water as a solvent. To avoid 

their exposure to the environmental conditions, these solutions were used immediately after their 

preparation. 

For the calibration curves, it was prepared a solution of gallic acid and another of rutin, the first 

one with a concentration of 0,1 g/L and the second one with 1 g/L. For that, 10 mg of rutin and 100 mg of 

gallic acid were weighed and mixed with 100 mL of deionized water. 

On the other hand, for the microencapsulation procedure, it was necessary to prepare three 

encapsulating agents solutions (modified chitosan, sodium alginate, gum Arabic), each of them with a 

concentration of 1% (w/V). So, for each solution, it was mixed 1 g of encapsulating agent with 100 mL of 

deionized water. Posteriorly, approximately 15 minutes before each spray-drying process, 10 ml of the 

solution with the elderberry extract was added and mixed with each one of the biopolymers solutions. In 

the same way, 10 ml of a rutin solution at 0,2% (w/V) was mixed with other three encapsulating agents 

solutions. So, in the end, these prefaces the total of nine different solutions, fed to the spray-dryer 

chamber: three with the extract, three with the rutin and three with only the encapsulating agents. 

 In the characterization step, more precisely in the determination of total phenolic content, it was 

necessary to make a solution of 15% sodium carbonate, i.e., with 15% of salt and 85% of solvent. For each 

test, were prepared 100 mL of solution, with 15 g of carbonate. 

All the solutions mentioned before were subjected to a constant agitation (magnetic agitator – MS-

H-Pro, Scansi; SM20, Stuart Scientific) (Figure 11), until complete homogenization, at room temperature.  

 

 

Figure 9 – EASYPure RF, Branstead. Figure 10 – Analytical Balance 

(Adam Equipment WA120). 
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3.3 Validation of analytical method 

Being the rutin the main polyphenol of elderberry, it was necessary to made a calibration curve of 

this compound to calculate the concentration of rutin in the elderberry extract and microcapsules. For that, 

using the rutin mother solution, with a concentration of 0,1 g/L, it was prepared some standards, with the 

following concentrations: 0,001; 0,0025; 0,005; 0,0075; 0,01; 0,02; 0,04; 0,05; 0,06; 0,08 and 0,1 g/L. These 

standards were quantified by UV-Vis spectrometry (Figure 12), with detection on 240, 275 and 370 nm, at 

room temperature. These results allowed the construction of the calibration curve, i.e., the graph of 

absorbances vs concentrations.   

 

 

On the other hand, following the same procedure of the rutin curve, it was made a calibration curve 

using gallic acid, that allows a posteriorly evaluation of the total phenolic content by the Folin-Ciocalteu 

method, which will be explained in the Section 3.6.1.  

All the standards are putted on centrifuge tubes of 15 ml (Figure 13) and agitated (IKA Vortex, 

Genius 3) (Figure 14) to ensure an efficient homogenization of the solutions. 

(b) 

(c) 

(e) 

(d) (a) 

Figure 12 - UV - Vis spectrometry: (a) UV - Vis system; (b) Temperature and stirration control equipment; (c) Cuvette support; 

(d) Light source; (e) Spectrometer. 

Figure 11 - Magnetic Agitators: (a) SM20, Stuart Scientific; (b) MS-H-Pro, Scansi. 

(a) (b) 
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More details about the calibration procedure are present in the Appendix 3.    

3.4 Extraction procedure  

In this experimental work, elderberry was subjected to a solvent extraction with ethanol, performed 

by an ultrasonic bath.  

In the beginning, elderberry (flowers, stems and leaves) was milled with a mortar and pestle (Figure 

15) and, posteriorly, 2 g of this extract was mixed with 10 ml of deionized water and 40 ml of ethanol 96%. 

The resulting solution was agitated (magnetic agitator – MS-H-Pro, Scansi) at 560 rpm for 1 hour. The next 

step was to put the extraction solution in the ultrasonic bath (Ultrasound – Elma S30H, Elmasonic) (Figure 

16), during 30 minutes. After this period, the solution was centrifugated (Centromix S - 549) (Figure 17) for 

10 minutes and, posteriorly, the supernatant liquid was separated from the residues that had accumulated 

in the bottom of the container. In the end, the beaker with the extract was coated with aluminium paper, 

due to the light sensibility of the solution. 

3.5 Spray-drying technique 

Spray-drying was performed using a mini spray-dryer BÜCHI B-290 (Flawil, Switzerland) (Figure 18) 

with a standard 0,5 mm nozzle. The nine solutions described before were fed into the spray-dryer at a flow 

rate of 4 ml/min (15%) and at an inlet temperature of 115 °C. Air pressure and aspiration rate were set to 

5-6 bar and 100%, respectively, and the process occurs without using the nozzle cleaner. The outlet 

temperature, a consequence of the other experimental conditions and of the solution properties, was around 

Figure 16 – Ultrasonic Bath (Ultrasound 

– ELMA S30H, Elmasonic). 

Figure 13 - Falcon tubes (15 mL). 

Figure 14 – IKA Vortex, Genius 3. 

Figure 17 - Centrifuge 

(Centromix S - 549). 
Figure 15 – Elderberry milling. 
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58 ºC. The selection of the operating conditions (Figure 19) were based on preliminary studies [2,37]. The 

procedure and the experimental conditions used during the spray-drying were the same for all the samples 

(with the elderberry extract, with rutin and with only the encapsulating agents). 

In the end, the dried powders, recovered from the equipment, were collected and stored in falcon 

tubes, sealed and covered with aluminium foil, at 4 °C, before further analysis. 

So, after the spray-drying procedure, it was possible to collect nine different types of capsules: 

elderberry extract with modified chitosan, gum Arabic and sodium alginate; rutin with the same three 

encapsulating agents; and empty capsules, with only the encapsulating agents. These capsules were 

posteriorly characterized and the release profiles evaluated. 

 

3.5.1 Product Yield 

In the end of spray-drying procedure, the mass of the recovered dried powders was measured and 

used to obtain the process yield. This parameter is calculated as the ratio between the mass of the output 

powders, recovered from the equipment in the end of the process, and the mass of the solid content of the 

initial solution, fed to the spray-dryer chamber (Equation 1). This last parameter must include the mass of 

the encapsulating agent (modified chitosan, sodium alginate or gum Arabic) and the mass of the active agent 

(elderberry extract or rutin), that were used to prepare the initial solutions. 

 

𝑃𝑌 (%) =
𝑚𝑎𝑠𝑠 𝑜𝑓 𝑚𝑖𝑐𝑟𝑜𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒𝑠 𝑝𝑟𝑒𝑝𝑎𝑟𝑒𝑑 (𝑝𝑜𝑤𝑑𝑒𝑟)

𝑠𝑜𝑙𝑖𝑑 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 𝑜𝑓 𝑓𝑒𝑒𝑑 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛
 ×100 (1)  

 

 

Figure 18 - Spray-drying equipment: (a) Spray-dryer;          

(b) cyclone; (c) capsules collector. 

Figure 19 - Spray-drying conditions used during the 

experimental work. 
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3.6 Microparticles Characterization 

 

3.6.1 Determination of total phenolic content 

During this experimental work, it was evaluated the total phenolic 

content of the elderberry extract solution and of all the microparticles – dried 

powders obtained from the spray-dryer - following the Folin-Ciocalteu method 

[39]. It is based on the transfer of electrons from phenolic compounds to 

phosphomolybdic/phosphotungstic acid complexes, in alkaline medium, which 

leads to the formation of blue complexes (Figure 20) [11]. This procedure uses 

the gallic acid as a standard and, for that reason, in the method validation step, 

it was necessary to applied this technique to some gallic acid standards, that 

will be described in more detail in Appendix 3.  

In this method, 100 µL of the phenolic extract to be analysed are mixed 

with 2 mL of H2O and 1 mL of 15% NA2CO3. In the end, 200 µL of Folin-Ciocalteu 

reagent are added to the previous solution and the absorbance is measured at 

765 nm, after 2h of incubation at room temperature. To obtain three absorbance measurements, the 

quantities described before were prepared in triplicate. In the capsules evaluation, two different 

experiments were made: one without dilution and other with a 10x dilution, in order to evaluate which 

results would be in the calibration zone. In the first case, 30 mg of powder were dissolved on 300 µL of H2O 

and, in the second case, the quantity of powder was reduced to 10 mg and the amount of water remained 

the same. These particles amounts were calculated by a mass balance, considering that the concentration 

values located on the middle of the gallic acid calibration curve are the most correct results (have less 

associated errors than those located on the extremities). In the case of the pure elderberry extract, the 

test with and without dilution were also performed. 

The final results should be expressed at mg of gallic acid equivalents (GAE)/L. In the case of the 

elderberry extract in its natural form, the TPC was also expressed at mg GAE/g of plant material.  

 

3.6.2 Particle size distribution analysis 

Particle size distribution was measured by laser granulometry using a Coulter LS 230 Particle Size 

Analyser (Miami, FL, USA) (Figure 21). The different samples were characterized by number and volume 

average. To avoid the agglomeration of the particles during the measurements, ethanol was used as a 

dispersant. The results (mean sizes of the particles and the size distributions (in volume and number)) were 

obtained as an average of three runs of 30 seconds. 

All the samples were analysed by size, including the capsules with rutin, with the elderberry extract 

and those with only the encapsulating agents.  

Figure 20 - Solutions prepared 

with Folin - Ciocalteu method. 
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3.6.3 Scanning electron microscopy (SEM) evaluation 

Structural analysis of the surface of the microparticles was performed by scanning electron 

microscopy (Fei Quanta 400 FEG ESEM/EDAX Pegasus X4M) (Figure 22). The powder samples were previously 

fixed on a brass stub using a double-sided adhesive tape and then they were coated in vacuum by a thin 

layer of gold (electrically conductive) in a Jeol JFC 100 apparatus at Centro de Materiais da Universidade 

do Porto (CEMUP).  

Like for all the other steps of the experimental work, all the capsules obtained by spray-drying were 

morphological evaluated, using a magnification of 1 000x, 10 000x, 30 000x and of 50 000x.  

 

 

3.6.4 Controlled release studies 

The study of elderberry extract and rutin release profiles from the microparticles was performed in 

deionized water, to simulate the most common vehicle for incorporation of capsules for delivery systems in 

the cosmetic, pharmaceutic and food industries. All the capsules obtained from spray-dryer were analysed 

by UV-Vis spectrometry in triplicate and, in the end, the final results were an average of the three measured 

absorbances, for each time interval.  

The microparticles were putted in a cuvette (CV10Q3500F, Thorlabs), on top of 3 mL of deionized 

water, with stirring at room temperature. It was used 4 mg of microparticles in each analyse. The amount 

Figure 21 - Coulter LS 230 Particle Size Analyser (Miami, FL, USA). 

Figure 22 – Scanning electron microscopy (Fei Quanta 400 FEG ESEM/EDAX Pegasus X4M). 
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of microparticles used was selected considering mass balance studies and restrictions of the calibration 

curve.   

The release profiles were evaluated in a continuous mode (intervals of 30 seconds) and at different 

wavelength: 240 ± 10, 275 ± 10 and 370 ± 10 nm. 

The empty capsules were also analysed, to be possible the detection of interferences in the release 

profiles and to allow a comparison between the release profiles of the capsules with only the encapsulating 

agents and the profiles of the capsules loaded with the active agents.  

 

3.6.4.1  Entrapment Efficiency 

The entrapment efficiency is the ratio, in percentage, between the total amount of extract inside 

the microcapsules and the total amount of extract used during the encapsulation procedure (Equation 2). 

Considering the characteristics of the microparticles prepared by a spray-drying method, the entrapment 

efficiency was calculated according to results obtained in the release studies. So, from a graph that 

represents the amount of active substance, expressed in terms of percentage, released during the test time, 

it is possible to calculate de EE by the difference between the total released in the end of the release 

experiment and the percentage of compound released in the time zero, considering that, in the end of the 

tests, the absorbance value for all the samples was 100% (total release of the active agent) (Equation 3).  

 

 

𝐸𝐸 (%) =
𝑇𝑜𝑡𝑎𝑙 𝑎𝑚𝑜𝑢𝑛𝑡 𝑟𝑒𝑙𝑒𝑎𝑠𝑒𝑑 − 𝐴𝑚𝑜𝑢𝑛𝑡 𝑟𝑒𝑙𝑒𝑎𝑠𝑒𝑑 𝑖𝑛 𝑡𝑖𝑚𝑒 𝑧𝑒𝑟𝑜

𝑇𝑜𝑡𝑎𝑙 𝑎𝑚𝑜𝑢𝑛𝑡 𝑟𝑒𝑙𝑒𝑎𝑠𝑒𝑑
 ×100 (2) 

 

 

𝐸𝐸 (%) =
𝐹𝑖𝑛𝑎𝑙 𝐴𝑏𝑠 − 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝐴𝑏𝑠

𝐹𝑖𝑛𝑎𝑙 𝐴𝑏𝑠
  × 100 ≡  𝐹𝑖𝑛𝑎𝑙 𝐴𝑏𝑠 − 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝐴𝑏𝑠   (3) 

 

This parameter was evaluated on the capsules that contained the active agents, i.e., on the capsules 

with rutin and with the elderberry extract. 
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4 Results and discussion 

 The main goal of the current work was the production of elderberry microcapsules and the 

evaluation of their efficiency, to be possible their application in the food, pharmaceutical and cosmetic 

industry. To accomplish this objective, three different encapsulating agents were used (modified chitosan, 

sodium alginate and gum Arabic), which leads to the formation of three different types of capsules, with 

different characteristics. The encapsulation procedure was also performed without adding any extract to 

the feed solution, to be possible the study of the effect of the active agent on the capsules properties. 

Furthermore, being the rutin the main polyphenol of elderberry, its encapsulation, with the three 

encapsulating agents mentioned before, was necessary too, in order to evaluate the influence of the other 

compounds of elderberry extract in the process efficiency. So, in the end, this leads to the existence of nine 

different types of capsules: three with the elderberry extract, three with rutin and three with only the 

encapsulating agents.  

During this experimental work, the steps followed to develop the capsules were similar for all the 

active agents described before. It started with the extraction of the bioactive compound from the elderberry 

flowers and stems or with the preparation of the rutin solution, for the elderberry or rutin capsules, 

respectively. Then, these solutions were fed to the spray-dryer and, using operating conditions pre-defined, 

the elderberry and rutin capsules were recovered. In the end, they were characterized by size, morphology 

and release profile. The product yield and the encapsulation efficiency were also evaluated. The application 

of this procedure would be impossible without a previously validation of the method, i.e., without the 

formulation of the calibration curves. This validation step is described in more detail in Appendix 3.  

In this section, the results of all the characterization tests made during this experimental work are 

presented, which allows a final evaluation of the encapsulation procedure, as well as of the recovered 

capsules.   

 

4.1 Encapsulation 

Like it was previously mentioned, nine different types of capsules were produced by spray-drying: 

three with elderberry extract, three with rutin and three with only the encapsulating agents (modified 

chitosan, gum Arabic and sodium alginate). For each one, it was calculated the product yield, that consists 

in the quantity of powder recovered, considering the quantity of raw materials (encapsulating and active 

agent) used. The results of this parameter, obtained for all the spray-drying procedures, are displayed in 

Table 5. For the calculation of the product yield of the extract capsules, it was assumed that, initially, the 

solid content of the solution only came from the mass of the encapsulating agent, once the solid part of the 

elderberry extract was almost completely removed on the extraction procedure.  
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Table 5 - Product Yield of all the spray-drying tests (*neglecting the initial solid content of elderberry extract, before spray-drying). 

 Modified Chitosan Sodium Alginate Gum Arabic 

 Extract* Rutin Empty Extract* Rutin Empty Extract* Rutin Empty 

PY (%) 24,84 41,32 37,39 26,86 37,57 35,06 37,93 35,61 39,15 

 

 

Analysing the obtained results, it is possible to conclude that, in general, the product yield of the 

capsules with elderberry extract presents the lowest values, when compared with the capsules with the 

rutin and with only the encapsulating agents. The exception occurred for the extract capsules with gum 

Arabic, that had a product yield of 38%. For the extract capsules with modified chitosan and sodium alginate, 

this parameter was, approximately, of 25% and 27%, respectively. This lower product yield of elderberry 

capsules suggests that some compounds of the extract increased the adhesion of the particles to the walls 

of spray-dryer. Similar results were obtained by Gonçalves, Estevinho and Rocha when encapsulating vitamin 

A, dissolved in coconut oil, with gum Arabic: the capsules with the active agent showed a low product yield, 

while the capsules with only gum Arabic presented values around 70% [40].  

 For each encapsulating agent, the product yield of rutin and empty capsules are similar, with values 

that range from 36% to 41%, which allows concluding that rutin is not the compound of elderberry extract 

responsible for the low values of this parameter on the extract capsules.  

 Comparing the results for the different encapsulating agents present in Table 6, it is possible to 

verified that do not exist a direct correlation between these values: for the extract capsules, the product 

yield is bigger when it is used gum Arabic and lower when the capsules had modified chitosan but, in the 

case of the rutin capsules, occurs the opposite, being the modified chitosan the best encapsulating agent. 

However, the differences are not significant, being the product yield of 25% to 41%, 27% to 38% and 36% to 

39%, for the capsules with modified chitosan, sodium alginate and gum Arabic, respectively.  

 The product yield obtained for all the spray-drying capsules do not exceed the value of 41% which 

is, for the technique applied and the scale that are used, a common and satisfactory result. In the present 

study, due to the small quantities of raw materials that are employed when compared to the scale of the 

spray-dryer, several losses will occur throughout the equipment. Moreover, being the particles produced by 

spray-drying very small (between 5 and 19 µm), can occur the aspiration of some of them by the vacuum 

system, once the cyclone has a low efficiency to separate small particles [2]. Another factor that increases 

the probability of obtaining low product yields in this type of procedure is the inlet temperature. In this 

case, being this parameter of 115 °C, the deposition of particles in the cylinder and in the cyclone wall of 

spray-dryer was observed, which leads to large losses [25]. 

 Besides the process yield, it is necessary to analyse the particles by laser granulometry, SEM and 

UV-Vis spectrometry, to obtain more information about their size, morphology and release profile/total 

phenolic content, respectively.   
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4.2 Microparticles Characterization  

 

4.2.1  Determination of total phenolic content  

The determination of the total phenolic content was made by the Folin-Ciocalteu method that has 

been used by several other authors [3,4,10,12]. To use this method, it was necessary the construction of a 

calibration curve of gallic acid, the reference compound of this technique. For that, 15 standards with gallic 

acid, water, sodium carbonate and Folin-Ciocalteu reagent were prepared and analysed by UV-Vis 

spectrometry, with detection at 765 nm. The final curve had a concentration range between 0,2 and 0,8 

g/L to an absorbance from 0,2 to 2,6, approximately. Its representation, as well as some additional 

information about its construction, is presented in Appendix 4. 

The Folin-Ciocalteu method was applied to all the capsules recovered from the spray-dryer by 

preparing the respective solutions, described in the Section 3.6.1., with an amount of capsules dissolved on 

water. In the beginning, two different types of solutions were prepared: one without dilution and another 

with a dilution of 10x. After the analyse on the UV-Vis system, it was possible to conclude that the solutions 

without any type of dilution are the best for the determination of total phenolic content, because their 

absorbance values were located on the centre of the calibration curve that, unlike the extremities, had few 

lecture errors associated.  

Beyond the capsules, elderberry extract, before being submitted to the encapsulation procedure, 

was also analysed by this method. 

From the linear equation of the calibration curve, and with the absorbance values obtained during 

the analyses, it was possible to calculate the total phenolic content of all the samples, that was express in 

mg gallic acid equivalent (GAE)/L. The values obtained for the pure extract were also expressed in mg 

GAE/g plant extract. These results are displayed in Table 6, that includes the values obtained for the 

elderberry extract and for the capsules with the extract, rutin and with only modified chitosan, sodium 

alginate and gum Arabic. The calculations of this parameter are described in more detail in Appendix 4. 

 

Table 6 - Total Solid Content of the elderberry extract and of the capsules obtained by spray-drying (*considering the total phenolic 

content with only the contribution of the active agent (TPC* = TPCACTIVE AGENT – TPCEMPTY)). 

  

 

Extract 

Microcapsules 

 Modified Chitosan Sodium Alginate Gum Arabic 

 Extract Rutin Empty Extract Rutin Empty Extract Rutin Empty 

TPC  

(mg GAE/L) 
490 465 744 212 476 755 231 498 784 273 

TPC*  

(mg GAE/L) 
- 254 538 - 245 529 - 225 527 - 

TPC  

(mg GAE/g) 
12 
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From the results presented in the previous table, it is possible to conclude that the rutin capsules 

are the samples with the highest phenolic content, with values that range between 744 and 784 mg GAE/L. 

The extract capsules had lower values of this parameter because, unlike rutin, elderberry extract is a 

mixture of several compounds, having only some of them a phenolic character. So, in a certain amount of 

sample, the phenolic compounds are more dispersed, which reduces its total phenolic content. The capsules 

without an active agent are, like it was expected, the samples with the lower TPC, with values around 212-

273 mg GAE/L. However, once the aim of this characterization procedure is the determination of the total 

phenolic content of the active agent loaded inside the capsules, to the results described before, that include 

the phenolic content of all the capsules composition (active agent and encapsulating agent), it was 

subtracted the phenolic content of the empty capsules, to obtain the phenolic content of the elderberry 

extract and rutin, individually. Thus, the total phenolic content of the rutin capsules continues to be the 

highest one, with values between 527 and 538 mg, for each litter of analysed solution. 

 For the extract in its natural form, the value of this parameter is, approximately, 490 mg GAE/L, 

which is similar with the phenolic content of the encapsulated extract (465 – 498 mg GAE/L). However, 

subtracting to these last values the phenolic content of the respective empty capsules, it is obtained a range 

between 225 and 254 mg GAE/L that is very lower than the total phenolic content of the elderberry extract 

not encapsulated. This allows to conclude that the encapsulation procedure leads to a decrease of the 

phenolic content of the elderberry extract. On the other hand, it is possible to verify that the encapsulating 

agents increase the amount of phenolic compounds present on the capsules. The pure extract contains 12 

mg of phenolic compounds from each g of elderberry plant, which allows to conclude that only 1,2% of the 

elderberry extract, approximately, are composed by polyphenols. 

 Finally, analysing the Table 6, it is possible to verify that the total phenolic content is very similar 

between the three different encapsulating agents.  

 

4.2.2  Particle size distribution analysis 

The capsules with the different active agents were analysed by laser granulometry, which allows 

their characterization by size. From the equipment, it was possible to obtain theirs size distribution, by 

number and volume, being the mean of these results displayed in Table 7. 

Being the capsules produced by spray-drying very small, it was necessary to use ethanol as a 

dispersant during this step of the experimental work, to avoid the agglomeration of the particles. In this 

type of analyse, water can also be used to dissolve the particles. However, in this specific case, due to the 

agglomeration phenomenon, its use would lead to an incorrect measure. 
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Table 7 - Mean and standard deviation of the capsules diameter (in volume and number). 

  Mean Diameter (µm) 

 
 

Differential Volume Differential Number 

M
o
d
if

ie
d
 

C
h
it

o
sa

n
 

Extract 19,32 ± 19,31 0,74 ± 0,64 

Rutin 7,78 ± 7,77 0,12 ± 0,19 

Empty 6,09 ± 5,98 0,30 ± 0,36 

G
u
m

 A
ra

b
ic

 Extract 7,28 ± 7,01 0,16 ± 0,24 

Rutin 4,10 ± 3,14 0,11 ± 0,16 

Empty 5,39 ± 3,21 0,52 ± 0,54 

S
o
d
iu

m
 A

lg
in

a
te

 

Extract 9,11 ± 9,51 0,76 ± 0,65 

Rutin 5,16 ± 6,07 1,13 ± 0,77 

Empty 4,67 ± 4,50 0,45 ± 0,45 

 

The results presented in the previous table shows that, in the case of the differential volume 

distribution, the particles with the biggest mean diameter are the capsules with the elderberry extract, 

with values of 19,3, 7,3 and 9,1 µm for the capsules with modified chitosan, gum Arabic and sodium alginate, 

respectively. For the differential number distribution, this direct correlation it is not possible, since the 

particles of the higher dimensions vary depending of the encapsulating agent used: for the modified 

chitosan, the biggest particles are the ones with the extract; for the gum Arabic, the empty capsules present 

the higher diameter; and in the case of the sodium alginate, the particles with the biggest dimension are 

the rutin capsules.     

In the present study, considering the differential volume distribution, the modified chitosan 

produced the particles with the biggest dimension, in a range between 19,3-6,1 µm, followed by the sodium 

alginate, with values around 4,7-9,1 µm, and, finally, by the gum Arabic, with diameters between 4,1-7,3 

µm. The exception occurs for the empty capsules, where the particles with the biggest diameter are the 

capsules with gum Arabic, followed by the particles with sodium alginate.   

Estevinho, Damas, Martins and Rocha, when encapsulating β-galactosidase with different 

biopolymers, such as modified chitosan, gum Arabic and sodium alginate, obtained very different results, 

once all the particles, i.e., the capsules loaded with the enzyme and the capsules with only the 

encapsulating agents, presented a constant average size, around 3 µm [37]. 

In the differential number distribution, the particles with modified chitosan, gum Arabic and sodium 

alginate have an average size between 0,12-0,74, 0,11-0,52 and 0,45-1,13 µm, respectively.   

Size distribution of rutin and of the empty microparticles is the most uniform, once volume 

distribution is closer to number distribution. The capsules loaded with elderberry extract have a less uniform 
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distribution that can be a result of the existence of particles agglomerates and of the presence of 

nanocapsules in large quantities.   

Analysing the results of the differential size distribution, by volume or by number, it is possible to 

verify that the standards deviations for all the measures are very high, in some cases higher than the mean 

diameter read by the equipment. This can be justified by the small size of the particles produced on this 

experimental work and by the high probability of forming particles aggregations. On the other hand, the 

equipment used on this procedure (Coulter LS 230 Particle Size Analyser) may have induced some errors in 

the measures.  

The size distributions, by volume and number, of the sodium alginate capsules, loaded with the 

elderberry extract, are represented in Figure 23, as an example. The other size distributions are displayed 

in Appendix 5.    

 

 The size distributions represented in the previous figure, by volume and number, are close to a 

normally distribution, except for the small particles in the distribution by volume. In this case, the graph 

presents two peaks for the diameters of, approximately, 3,1 and 15,7 µm, which suggests the existence of 

agglomeration effects. This aggregation phenomenon was also registered by F. Casanova, B.N. Estevinho 

and L.Santos, when studied the encapsulation of rosmarinic acid with chitosan and modified chitosan: in 

this case, the agglomeration were observed for small amounts of larger microparticles. 

 From the analysis of the results of the particles size distribution, it was possible to verify that the 

particles with diameters smaller than 22,8 µm are responsible for 90% of the total volume of the sodium 

alginate capsules, loaded with the elderberry extract. On the other hand, 90% of the total number of the 

sodium alginate capsules, loaded with elderberry, is represented by the particles with diameters smaller 

than 1,4 µm. 

 

4.2.3  Scanning electron microscopy (SEM) evaluation 

To study the capsules morphology, some SEM analyses were performed, with magnifications of 1 000x, 

10 000x, 30 000x and 50 000x. The results of this evaluation are represented in Figure 24, only with the 

magnification of 50 000x as an example, to be possible a more effective and detailed evaluation of the 

surface structure of the capsules. The lower magnifications are represented in Appendix 6.   
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Figure 23 – Particle Size Distribution of the Sodium Alginate particles, loaded with the Elderberry extract, by volume (A) and 

number (B). 
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 For all the active substances and encapsulating agents used during this experimental work, were 

produced spherical microcapsules, with a regular and constant shape in each of the analysed samples. In 

terms of size, it is possible to verify that all the samples have a heterogeneous size distribution, existing 

some small particles located on the middle of the capsules with big dimensions.  

In terms of the surface structure, the textural characteristics of the capsules depends on the 

encapsulating agent used, being specific for each one of them. The particles formed with modified chitosan 

presented a very smooth surface and a regular shape, whatever the active agent encapsulated. The sodium 

alginate capsules, although with also a smooth surface, had a characteristic structure, with a concavity on 

their surface. In the case of the particles with gum Arabic, the surface had a very rough morphology, having 

some wrinkles and indentations in their structure. Similar results were obtained by Estevinho and co-authors, 

when encapsulated β-Galactosidase by spray-drying, with the same biopolymers [37].  

From the SEM images, it is possible to verify that the capsules loaded with the elderberry extract 

are slightly larger than the remaining particles. On the other hand, the rutin and the empty capsules appear 

to have, approximately, the same size. These results confirmed the values obtained by laser granulometry 

(Section 4.2.2.). 

 

(A1) (A2) (A3) 

(B1) (B2) (B3) 

(C1) (C2) (C3) 

Figure 24 - SEM images of the microparticles with the elderberry extract (1), rutin (2) and without the active agent 

(3), with different biopolymers: Sodium Alginate (A), Modified Chitosan (B) and Gum Arabic (C). Amplified 50 000 

times, beam intensity (HV) 15.00 kV, distance between the sample and the lens (WD) less than 11 mm. 
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4.2.4 Controlled release studies 

After the microencapsulation procedure, is important to evaluate the release systems, to certify 

that the release of the core material will be occur at the target site and at the desirable rate and time [16]. 

There are numerous release mechanisms that vary with the type of encapsulating agent, the method 

of preparation and the environment where the release occurs. It can be based on one or on a combination 

of release mechanisms and these can be time specific, site specific, rate specific and/or stimulus specific. 

These mechanisms are classified according to the physical-chemical phenomena associated with the active 

substance release: diffusion-controlled, barrier-controlled, pressure-activated, solvent-activated, 

osmotically-controlled, pH-controlled, temperature-sensitive, melting-activated and combined systems [14]. 

In this experimental work, the study of the release profiles of the capsules loaded with the 

elderberry extract and with the rutin was performed in deionized water, in order to simulate industrial 

formulations, applied on food, cosmetic and pharmaceutical products, that are mainly aqueous. This 

procedure was accomplished by UV-Vis spectrometry, being all the samples analysed in triplicate. All the 

capsules obtained by spray-drying were analysed, to be possible the study of the influence of the compound 

(elderberry extract and rutin) and of the encapsulating agent (modified chitosan, gum Arabic and sodium 

alginate) in the release profiles. The mean results of the elderberry and rutin capsules are represented in 

Figure 25, that shows the release percentage during the time of the analyse, with the associated errors 

between the three measures performed. This release percentage corresponds to the quotient between the 

amount release at a specific time and the total release amount. In Figure 25, the release profiles of the 

capsules loaded with the same active agent are represented on the same graph in order to facilitate the 

comparison between the three encapsulating agents performance. To ensure a complete release of the 

active agents and a formation of a stabilization level, the samples with elderberry and rutin capsules were 

analysed during, approximately, 40 and 30 minutes, respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Microencapsulation of Elderberry Extract with Applicability in Food and Pharmaceutical Industry 

Results and Discussion                                                                                                                                                                             38 

 

Analysing the previous graphs, it is possible to verify that the release profiles present two distinct 

zones: the first one is the release zone, where occurs a constant sustained release of the active agent, 

probably by their diffusion through the encapsulating agents walls, that is translated by an increase of the 

absorbance values; the final zone corresponds to the stabilization level, where almost all the active agent 

was already released. The associated errors between the three measurements realized for each sample, 

represented on each release profile, are more visible in the release zone, being practically non-existent in 

the stabilization level. Thus, in general, these errors can be despised due to its low dimension, which proves 

the consistency of the measurements made during the experimental work. For both of the active agents, 

the release was total, varying the release times with the encapsulating agent used. 

In Table 8 are present the release times for each one of the elderberry and rutin capsules, retired 

from the release profiles represented in Figure 25. This parameter corresponds to the time when the release 

of the active substance reaches, approximately, 100%, i.e., when begins the formation of the stabilization 

level.  

 

 

 

Figure 25 - Release profiles, in percentage, for the capsules with modified chitosan, sodium alginate and Gum Arabic, 

loaded with (A) Elderberry Extract and (B) Rutin. 

0

20

40

60

80

100

0 500 1000 1500 2000 2500

A
ct

iv
e 

ag
en

t 
re

le
as

e 
(%

)

Time (s)

0

20

40

60

80

100

0 500 1000 1500

A
ct

iv
e 

ag
en

t 
re

le
as

e 
(%

)

Time (s)

(A) 

(B) 



Microencapsulation of Elderberry Extract with Applicability in Food and Pharmaceutical Industry 

39                                                                                  Results and Discussion 

Table 8 - Release times of all the analysed samples (capsules loaded with rutin and with elderberry extract). 
 

 Modified Chitosan Sodium Alginate Gum Arabic 

 Extract Rutin Extract Rutin Extract Rutin 

Release Time (s) 600 660 1140 1080 1000 420 

   

In the case of the elderberry capsules, the faster release occurs in the particles with modified 

chitosan, followed by the particles with gum Arabic. For the first case, the release time is, approximately, 

of 600 seconds, while in the second case this parameter is around 1000 seconds. For the particles 

encapsulated with sodium alginate, the release time is of 1140 seconds, which makes of this encapsulating 

agent the compound that promotes the most controlled release. Estevinho and co-authors, when 

encapsulating vitamin B12 and vitamin C with modified chitosan and sodium alginate, found similar results, 

concluding that modified chitosan promotes the faster release (around 10 minutes for the two vitamins) [25]. 

So, depending on the final purpose of the capsules, it must be chosen the most adequate 

encapsulating agent: if it is necessary a slower release, sodium alginate should be selected as encapsulating 

agent; on the other hand, for a more immediately release, capsules with modified chitosan should be 

produced.  

  Analysing the results presented in the Table 8, it is possible to verify that the release times of the 

capsules loaded with rutin are similar to the release times of the elderberry capsules, for each one of the 

encapsulating agents used. The exception occurs for the capsules with gum Arabic, in which the release 

time of the extract is twice the release time of the rutin. This discrepancy may be due to the interactions 

that exist between the encapsulating agent and the rutin. 

 

From the absorbance values present in the graphs of Figure 25, it is possible to obtain the released 

amount over time from the release concentration that, in turn, was calculated using the rutin calibration 

curve at 370 nm. It was assumed that this phenolic compound was the major component release by the 

capsules, once it is the main constituent of elderberry extract. This curve has a correlation coefficient 

greater than 0,995 and possesses a limit of detection of 0,001 g/L to 0,1 g/L. More detailed explanations 

about this calibration method and of the calculations of the respective released concentrations are 

presented in Appendix 3 and Appendix 7, respectively. It Is important to mention that the amount of 

compounds released during the tests of the particles with only the encapsulating agents was very small, 

when compared with the amount released from the particles with the rutin and with the elderberry extract. 

 

4.2.4.1 Mathematical models for controlled release of substances 

To the release profiles, obtained for each sample tested during this procedure, it was adjusted 

different mathematical models, being, in the end, evaluated which of them presents the best correlation 

with the practical results. This mathematical modelling of controlled release allows the evaluation of the 

mass transport mechanisms that are involved on the release, which helps to design a system with specific 
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characteristics and to simulate the effect of the design parameters (geometry and composition) on the 

resulting release kinetics [14].  

In Table 9 are present different equations used to describe the release profiles of microencapsulated 

substances, being each of them applied in a specific situation. The Hixson-Crowell equation and the Kopcha 

equation are applied on the release of pharmaceutical compounds and on data of optimized batches, 

respectively, and, for that reason, cannot be used in this experimental work. In an ideal system, the release 

profile should follow a zero, half or a first order kinetics, if the core is a pure material, a matrix particle or 

a solution, respectively. However, in practice, the release rate is described by much more complex 

mathematical models, like Higuchi and Korsemeyer-Peppas equations. In this last one, the constant (KK) 

incorporates structural and geometric characteristics of the release form and n (release exponent) defines 

the release mechanism [14]. In the end, the controlled release of active compounds may result from the 

interaction of various phenomena and, knowing n, it is possible to find the mechanism that controls the 

release of the active substance, using some data available on literature (Appendix 7). On the Weibull 

equation, the time parameter (τd) corresponds to the time at which the release of the active substance 

reaches 63,2% [41]. All the equations displayed in Table 9 are expressed in mass units and, for that reason, 

their adjustment should be done to the release profiles that represented the amount of active compound 

released during the experimental time.  

 

The parameters and the correlation coefficients of the adjustments of the five equations mentioned 

before (zero order, first order, Higuchi, Korsemeyer-Peppas and Weibull) are displayed in Table 10. The 

respective adjustments between these models and the practical results, as well as more detailed 

explanations about this mathematic modelling, are present in Appendix 7.  

 

 

 

Table 9 - Mathematical Models for controlled release of substances (adapted from [14]). 
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Table 10 - Parameters of the kinetic equations and respective correlation coefficients. 
 

 
 

Modified Chitosan Sodium Alginate Gum Arabic 

 
 

Extract Rutin Extract Rutin Extract Rutin 

Z
e
ro

 O
rd

e
r 

Q0 (mg) 6,50x10-3 4,00x10-4 1,20x10-3 -5,80x10-3 3,44x10-2 5,37x10-2 

K0 (mg min -1) 3,00x10-4 4,00x10-4 1,00x10-4 2,00x10-4 3,00x10-4 3,00x10-4 

R2 0,982 0,989 0,998 0,996 0,995 0,900 

F
ir

st
 O

rd
e
r 

Q0 (mg) 3,00x10-2 6,00x10-2 2,00x10-2 2,00x10-2 5,00x10-2 5,00x10-2 

Kt (min-1) -2,70x10-3 -1,60x10-3 -1,80x10-3 -2,9x10-3 -2,9x10-3 -4,70x10-3 

R2 0,851 0,847 0,938 0,894 0,932 0,872 

H
ig

u
c
h
i KH (mg min -0,5) 4,20x10-3 5,80x10-3 2,70x10-3 4,40x10-3 7,30x10-3 7,90x10-3 

R2 0,955 0,935 0,901 0,924 0,991 0,949 

K
o
rs

m
e
y
e
r 

- 
P
e
p
p
a
s 

KK (min -n) 6,60x10-3 1,50x10-3 1,30x10-3 4,00 x10-4 2,41x10-2 0,149 

n 0,861 1,105 0,988 1,223 0,583 0,335 

R2 0,991 0,989 0,998 0,997 0,998 0,987 

W
e
ib

u
ll

 

β 1,26 1,43 1,79 1,47 0,920 0,842 

τD (min) 188 223 497 398 246 80,9 

R2 0,998 0,999 0,994 0,998 0,996 0,996 

 

Interpreting Table 10, it can be concluded that the kinetic models that had a better adjustment to 

the practical results were the zero order, the Korsemeyer-Peppas and the Weibull, with correlation 

coefficients that ranges from 0,900 to 0,998, from 0,987 to 0,998 and from 0,994 to 0,999, respectively. 

However, from these three equations, the one that adjusts to a greater number of points and, at the same 

time, had the bigger correlation coefficients, was the Weibull model. These conclusions are the same for 

all the analysed samples, with an exception for the gum Arabic capsules, loaded with rutin: in this case, the 

Korsemeyer-Peppas and the Weibull continues to be the models that adjusts better to the results, being the 

last one the most embracing; however, the zero order equation was replaced by the Higuchi model that, in 

these samples, presents a better correlation coefficient between the linear equation and the practical 

results. These conclusions can also be taken by the analysis of the linear adjustments presented in Appendix 

7. 



Microencapsulation of Elderberry Extract with Applicability in Food and Pharmaceutical Industry 

Results and Discussion                                                                                                                                                                             42 

The zero order model corresponds to the ideal release behaviour, in which there would be a constant 

release of the pure substance [42]. In this work, the smaller values of K0 were associated to the slower release 

of the active agents, i.e., to the release profiles of the capsules with sodium alginate. For the particles with 

modified chitosan and gum Arabic, the values of K0 were similar. For the same encapsulating agent, K0 was, 

in general, higher for the rutin than for the elderberry extract, with an exception for the particles with gum 

Arabic.  

The first order equation, like it was previously said, did not adjust to the experimental results. This 

occurs because this model is applied when the core is a solution, which is not the case in the current study.   

Analysing the results of the Higuchi model, it is possible to verify that the KH values followed almost 

the same tendency of the K0 of the zero order equation: it was lower for the capsules with sodium alginate 

that corresponds to the slower release; the values of the rutin capsules were higher that the results of the 

elderberry capsules. However, in this model, the KH was substantial higher for the capsules with gum Arabic, 

when compared with the modified chitosan particles.   

 Like it was said before, from the analyse of the parameters of the Korsemeyer-Peppas equation (n), 

it is possible to observe which type of transport mechanisms are involved in the active agent movement 

(Appendix 7). The parameter n was higher than 0,85 for all the cases, excepting for the release of the rutin 

and for the release of the elderberry extract from the gum Arabic, in which this parameter was of 0,335 (n 

< 0,43 status) and 0,583 (0,43 < n < 0,85 status), respectively. This means that almost all the release profiles 

followed a “Super Case-II Transport”, influenced by the swelling of the matrix. In the case of the gum Arabic 

capsules, the ones that were loaded with rutin followed a “Fickian Diffusion” and the ones loaded with 

elderberry extract followed an “Anomalous Transport”, that results from the combination of diffusion 

mechanisms and swelling releases. The constant KK increased for faster releases of active agent (gum Arabic 

and modified chitosan), presenting the same behaviour of the other constants (K0 and KH). However, in this 

model, this parameter presents a result significantly higher than all the others for the gum Arabic capsules 

loaded with rutin.  

 The last model tested (Weibull equation) is the most adequate to evaluate the release profiles of 

matrix-type, which is the case of this experimental work: the microcapsules produced by spray-drying are 

normally matrix type (the encapsulated substance distributed in the encapsulating agent) and the 

mechanisms involved on the release are controlled by solvents action and by diffusion [42]. The parameter β 

that is related with the shape of the release curve (Appendix 7), was higher than 1 for all the cases, except 

for the particles with gum Arabic, in which the values were of 0,920 and of 0,842 for the capsules loaded 

with the elderberry extract and with rutin, respectively. So, in the cases that β > 1, the curves were 

sigmoidal with a turning point; for β < 1, the shape of the curve was closer to an exponential profile.  

 Each release system is unique, existing several parameters and conditions that can be involved and 

affect the release of the active agent, and is necessary to be studied very deeply. Berta Estevinho and 

Fernando Rocha, when study the release of vitamin B12 and Vitamin C from microparticles produced by 

spray-drying, find similar results, which are related with the method used to obtain the capsules: once the 

particles were of matrix type, the model that best adjusted to the experimental results was the Weibull 

model. In the same way, the first order and Higuchi equations did not have physical meaning [42]. 

 In conclusion, the applicability of these mathematical models is increasing in several industries, 

namely on food industry, allowing the development of new systems and products [43].  
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4.2.4.2 Entrapment Efficiency 

 Like it was already explained in the Section 3.6.4.1., the entrapment efficiency can be calculated 

by the difference between the total released in the end of the release experiment and the percentage of 

compound released in the time zero (Equation 3).  

 

 

𝐸𝐸 (%) =
𝐹𝑖𝑛𝑎𝑙 𝐴𝑏𝑠 − 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝐴𝑏𝑠

𝐹𝑖𝑛𝑎𝑙 𝐴𝑏𝑠
 ×100 =  𝐹𝑖𝑛𝑎𝑙 𝐴𝑏𝑠 − 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝐴𝑏𝑠 (3) 

 

 

From Equation 3, it was calculated the encapsulation efficiency for the extract and rutin particles, 

being the obtained results displayed in Table 11. The detailed explanation of these calculations is present 

in Appendix 7. 

 

Table 11 - Entrapment Efficiency of all the capsules loaded with elderberry extract and rutin. 
 

 Modified Chitosan Sodium Alginate Gum Arabic 

 Extract Rutin Extract Rutin Extract Rutin 

Entrapment 

Efficiency (%) 
99,61 99,66 99,82 98,56 98,84 92,34 

 

   

The efficiency values are similar for all the analysed capsules, being the results located in a range 

between 92,3 and 99,8%. These high values are justified by the small amount of extract used during the 

encapsulation procedure, comparing to the amount of encapsulating agent. This leads to an almost complete 

encapsulation of the active agent.  

 So, to conclude, the procedure followed during this experimental work leads to a very successful 

encapsulation of elderberry extract, allowing a complete entrapment of the extract inside the particles of 

modified chitosan, sodium alginate and gum Arabic. 
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5 Conclusion 

The main objective of the current work was to produce elderberry microcapsules and to evaluate 

the efficiency of their incorporation into some food, pharmaceutical and cosmetic products. Spray-drying 

was selected as the encapsulation technique and was performed with three different wall materials 

(modified chitosan, sodium alginate and gum Arabic).  

The product yield values obtained after the encapsulation procedure ranged, approximately, 

between 25 and 41% which is, for the technique applied and the scale that are used, a common and 

satisfactory result. In general, the lower values occurred for the capsules with elderberry, which suggests 

that some compounds of the extract increased the adhesion of the particles to the walls of spray-dryer. For 

each encapsulating agent, the product yield of rutin and empty capsules are similar.  

The rutin capsules are the samples with the highest phenolic content, with values that range 

between 744 and 784 mg GAE/L, followed by the capsules loaded with the elderberry extract (466 – 498 mg 

GAE/L). The capsules without an active agent are, like it was expected, the samples with the lower TPC, 

with values around 212-273 g GAE/L. For the extract in its natural form, the value of this parameter is, 

approximately, 490 mg GAE/L, which is very higher than the results obtained for the elderberry capsules, 

when the contribution of the wall materials is deducted (225 – 254 mg GAE/L). This allows concluding that 

the encapsulation procedure leads to a decrease of the phenolic content of the elderberry extract.  

In the case of the differential volume distribution, the particles with the biggest mean diameter are 

the capsules with the elderberry extract, with values of 19,3, 7,3 and 9,1 µm for the capsules with modified 

chitosan, gum Arabic and sodium alginate, respectively. For the differential number distribution, this direct 

correlation it is not possible, since the particles of the higher dimensions vary depending of the 

encapsulating agent used: for the modified chitosan, the biggest particles are the ones with the extract; for 

the gum Arabic, the empty capsules present the higher diameter; and in the case of the sodium alginate, 

the particles with the biggest dimension are the rutin capsules. Size distributions of rutin and of the empty 

microparticles are the most uniform, once volume distribution is closer to number distribution. The capsules 

loaded with elderberry extract have a less uniform distribution that can be a result of the existence of 

particles agglomerates and of the presence of nanocapsules in large quantities. Analysing the graphs of the 

volume and number distribution, it was possible to distinguish the presence of more than one peak, which 

suggests the existence of some particle agglomerations.     

For all the active substances and encapsulating agents used during this experimental work, were 

produced spherical microcapsules, with a regular and constant shape in each of the analysed samples. In 

terms of the surface structure, the textural characteristics of the capsules depends on the encapsulating 

agent used, being specific for each one of them: the particles formed with modified chitosan presented a 

very smooth surface and a regular shape, whatever the active agent encapsulated; the sodium alginate 

capsules, although with also a smooth surface, had a characteristic structure, with a concavity on their 

surface; in the case of the particles with gum Arabic, the surface had a very rough morphology, having some 

wrinkles and indentations in their structure. 
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The release profiles obtained during the experimental work present two distinct zones: the first one 

is the release section and the last one corresponds to the stabilization level. The associated errors between 

the measurements made for each sample are more visible in the release zone, being practically non-existent 

in the stabilization level. Thus, in general, these errors can be despised due to its low dimension, which 

proves the consistency of the measurements made during the experimental work. For both of the active 

agents, the release was total, varying the release times with the encapsulating agent used: in the case of 

the elderberry capsules, the faster release occurs in the particles with modified chitosan, followed by the 

particles with gum Arabic. The release times of the capsules loaded with rutin are similar to the release 

times of the elderberry capsules, for each one of the encapsulating agents used. This allows to conclude 

that, in this study, the type of active agent encapsulated do not affect the release properties of the particles 

produced by spray-drying. So, depending on the final purpose of the capsules, it must be chosen the most 

adequate encapsulating agent: if it is necessary a slower release, sodium alginate should be selected as 

encapsulating agent; on the other hand, for a more immediately release, capsules with modified chitosan 

should be produced.  

It can be concluded that the kinetic models that had a better adjustment to the practical results 

were the zero order, the Korsemeyer-Peppas and the Weibull, with correlation coefficients that ranges from 

0,900 to 0,998, from 0,987 to 0,998 and from 0,994 to 0,999, respectively. However, from these three 

equations, the one that adjusts to a greater number of points and, at the same time, had the bigger 

correlation coefficients, was the Weibull model. 

The efficiency values are similar for all the analysed capsules, being the results located in a range 

between 92,3 and 99,8%. These high values are justified by the small amount of extract used during the 

encapsulation procedure, comparing to the amount of encapsulating agent, which leads to an almost 

complete encapsulation of the active agent.  

So, to conclude, the procedure followed during this experimental work leads to a very successful 

encapsulation of elderberry extract, allowing a complete entrapment of the extract inside the particles of 

modified chitosan, sodium alginate and gum Arabic. However, to ensure an efficient incorporation of the 

capsules into the food, pharmaceutical or cosmetic products, further tests are required, namely the 

evaluation of the release profiles of the capsules on the gastric fluid, the study of the aggregation 

phenomenon with the zeta potential tests and a detailed characterization of the molecular structure of the 

capsules by FTIR analyses.  
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6 Assessment of the work done  

6.1 Achieved Objectives  

The main objective of the current work was to encapsulate the elderberry extract, which was 

successful accomplished, using the spray-drying technique. The product yield of all the analyzed samples 

ranged between 25 and 41% that are very satisfactory results, considering the microencapsulation technique 

used during the experimental work and the scale of the procedure. On the other hand, the characterization 

tests made to all the samples, in order to evaluate the viability of the process, revealed the presence of 

spherical microcapsules, with diameters, approximately, between 7 and 20 µm, which proves the integrity 

of the capsules.  

The other purpose of the present study was to analyses the viability of the incorporation of the 

elderberry capsules into some food, pharmaceutic and cosmetic products. In this context, some release 

tests were performed by UV-Vis spectrometry, demonstrating that, after a specific time period, all the 

active agent captured inside the capsules was released to the deionized water, the most common medium 

used in these products formulations.  

In the end, the encapsulation efficiency was close to 100%, which proves that the procedure 

followed during this experimental work leads to a very successful encapsulation of elderberry extract, 

allowing a complete entrapment of the extract inside the particles of modified chitosan, sodium alginate 

and gum Arabic. 

6.2 Limitations and Future Work  

The main limitations felt in the elaboration of the current dissertation were associated with the 

brief time available for the realization of the experimental work and with the equipment availability, such 

as the spray-dryer and the UV-Vis spectrophotometer. Furthermore, during the release studies, this last 

equipment did not work always in the most perfect conditions, occurring the interruption of some tests, 

which led to the execution of new trials and to a big time consumption.    

Along the work realization, the only objective that was not completely accomplish was related with 

the total phenolic content determination: one of the requirements to prove the viability of the procedure 

was to show that the phenolic content of the elderberry extract remained stable after its 

microencapsulation; however, during the experimental work, it was possible to verify that this parameter 

decreased, approximately, 50% between the extract in its natural form and the capsules. So, in the future, 

it will be necessary to evaluate if this reduction will affect the viability of the incorporation of the capsules 

into the food, pharmaceutic and cosmetic products or if, contrariwise, the phenolic content of the 

elderberry capsules are sufficient to meet the consumer and producer requirements. On the other hand, to 

prove that this incorporation will be fruitful and rentable, it is necessary to complement this experimental 

work through the realization of new tests. Those could include in vitro release studies, in mediums like oil 

and gastric fluid, to evaluate if the capsules incorporated in some cosmetic and food/pharmaceutical 

products, respectively, are able to release, at the target site and at the desirable rate and time, their core 

material. In vivo tests, involving the absorption of the capsules into the gastrointestinal tract and skin, are 

also needed. To investigate the retention of the active agent inside the capsules it will be necessary to 
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measure their phenolic content after a certain time period, that can be days, months or even years. 

Furthermore, it would be useful to make some FTIR and Zeta Potential tests, to analyze the molecular 

structure of the capsules and to evaluate their aggregation tendency, respectively.   

For future work, it would be also interesting to test different conditions on the spray-dryer, namely 

the inlet temperature and the flow rate, as well as to carry out new encapsulation procedures using diverse 

techniques. On the other hand, it would be valuable the realization of the encapsulation procedure using 

different ratios of the encapsulating agents/core material, to study if it is viable the use of larger amounts 

of active agent in each encapsulating test.  

The study of all the variables described before could lead to a product formulation with many 

advantages in economic, social and health terms. 

6.3 Final Assessment  

Nowadays, the consumers are increasingly concerned about their health and leading a healthy life. 

This leads to a growing interest in all the substances that exhibit some health beneficial property, mainly 

the natural products, that possess much less collateral damages to the human body. This type of compounds 

is normally present in some daily products, such vegetables, nuts and fruits, but, in general, in reduced 

quantities, that not allow an effective treatment. On the other hand, the consumers do not always prefer 

the above-mentioned food products. So, the easier way of improving their life quality and, at the same 

time, provide some health benefits, is to incorporate the healthy natural compounds into the daily consumer 

products. This leads to the development of new functional products, not only in the food area, but also in 

the cosmetic and pharmaceutical industry. In this context, the need to perform new investigations, such as 

those developed during this work, come by. In general, the objectives purpose to this study were 

accomplished, which allowed to prove that the encapsulation of natural compounds, like elderberry, is 

possible, as well as their incorporation into several different products. This investigation was another step 

in this innovative area, which still has a great possibility of expansion.
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Appendix 1: Microencapsulation Techniques  

Currently, there are numerous encapsulation methods that continues to increase in number and in 

development degree, due to the emergence of new and innovative technologies. The selection of the 

adequate encapsulation technique depends on the type of material to be encapsulated, on the release 

characteristics of the encapsulated compound, on the final application of the capsules and on the regulatory 

considerations. In the end, this choice leads to the formation of microparticles with distinct characteristics 

and properties. Although a range of techniques have been reported in the last years, they can be divided in 

three main categories: chemical processes; physical-chemical processes and physical-mechanical processes 

[7]. 

 

1.1 Chemical Processes 

1.1.1 Interfacial and In Situ Polymerization 

There are different polymerization techniques for microencapsulation, such as the interfacial and 

in situ polymerization.  

In the interfacial polymerization occurs the reaction between oil-soluble and water-soluble 

monomers that originates polymeric microparticles, whose size is determined by the droplet size of the 

emulsion. Alternatively, this type of polymerization can result from the reaction between two reactive 

monomers dispersed in one phase: in this case, the monomers are induced to precipitate at the interface, 

which leads to the coating of the core material by a polymer. In this technique are used monomers that 

have preferential solubility for one of the phases, such that polymerization happens only at the interface 

[7]. 

On the other hand, in situ polymerization do not involve the use of reactants in the core material: 

the polymerization of a single monomer directly occurs on the particle surface [7].  

Polymerization technique is a fast and easy scale-up method, with high encapsulation efficiency 

values associated. However, the reaction between the monomers is difficult to control and it is necessary a 

large quantity of organic solvents. Furthermore, the selected monomers may be non-biodegradable or non-

biocompatible [7].   

 

1.2 Physical - chemical Processes 

1.2.1 Coacervation 

Coacervation was the first microencapsulation technique, developed in 1950 [5]. In this process 

occurs the formation of two immiscible liquid phases from a solution that contains the wall material and 

the liquid or solid to be encapsulated. In the beginning occurs the formation of an oil-in-water emulsion 

(o/w), in which the active compound is dispersed in the aqueous phase and the polymer is dissolved in the 

organic phase. Under certain conditions, the coacervate phase (wall material) forms a continuous layer, 

which coats the core material, that is stabilized to form self-sustaining microcapsules. The formed 
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microparticles can be collected by centrifugation or filtration, and washed with the appropriate solvent, 

dried and hardened by thermal, cross-linking or desolvation techniques [7].  

Coacervation can be simple or complex, if involves only one type of polymer or if it is necessary to 

use two or even more polymer types, respectively. The first one is induced by a change in conditions (pH, 

temperature, concentration of polymers, chemical weight, among others) that cause the desolvation of the 

wall material, and the second one is induced by creating electrostatic forces between the macromolecules 

of shell materials [44].  

The final particles size, as well as their morphology, can be affected by the stirring speed, viscosity 

of both aqueous and organic phases, concentration and type of surfactant (if added), configuration of the 

vessel and agitator, ratio of the encapsulating agents, polymer concentrations, amount of core material and 

the temperature profile during the procedure. The coacervate microcapsules are usually spherical, 

multinucleated and with defined walls (reservoir type) [5,7].  

This technique leads to high encapsulation efficiencies and to an efficient control of particle size. 

Under optimized conditions of pH and temperature, the efficiency encapsulation can be close to 100%. 

Additionally, the microcapsules produced by coacervation are heat-resistant, possessing excellent 

controlled release characteristics based on mechanical stress, temperature, pH and sustained release. 

However, the most frequent problem of this procedure is the agglomeration of microcapsules. It is also 

operationally complex, requiring careful control of the experimental conditions, and expensive. Other 

limitations are evaporation of the volatiles during processing and oxidation of the product [5,7,44].  

 

1.2.2. Emulsion Technologies 

Emulsions are colloidal delivery systems, which basically consist of a mixture of at least two 

immiscible fluids (oil(s) and water), wherein the particles of one phase (dispersed phase) are dispersed as 

small spherical droplets within the other (dispersant phase). They can be classified according to particle 

size into emulsions or macroemulsions, microemulsions and nanoemulsions. According to the spatial 

organization of oil and water phases, emulsions can be water-in-oil (W/O, water droplets are dispersed in 

the oil) or oil-in-water (O/W, droplets of oil are dispersed in water). More complex multiple emulsions can 

be prepared for microencapsulation, namely oil-in-water-in-oil (O/W/O), water-in-oil-in-water (W/O/W), 

water-in-oil-in-oil (W/O/O) and water-in-oil-in-oil-in-water (W/O/O/W) [5,16]. 

The microencapsulation of the active agents into emulsion systems may consider the selection of 

the oil to be used, in order to ensure the oxidative stability of core material. This parameter is influenced 

by chemical and physical characteristics of the droplets [40].  

One specific case of this type of procedure is the emulsification process with solvent 

evaporation/extraction. This technique consists in the formation of an emulsion of polymer solution in a 

volatile organic solvent, followed by internal phase solvent evaporation or extraction. A solution or 

dispersion of the polymer (encapsulating agent) and the active material is emulsified in an external aqueous 

phase, in which the polymer is insoluble, occurring, posteriorly, the evaporation or the extraction of the 

solvent. The solvent extraction involves the use of a third liquid, that is miscible with both water and 

solvent. This technique leads to the production of small droplets, with relatively narrow size distribution. 

It can be used with a wide variety of liquid and solid core materials and with biodegradable and non-
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biodegradable polymeric agents. However, it provides low encapsulation efficiency, it is expensive and leads 

to the formation of residual solvents [7].  

 

1.3 Physical-Mechanical Processes 

 

1.3.1 Spraying Technologies 

 

1.3.1.1 Spray-drying 

In the spray-drying technique, the compound to be encapsulated is mixed with the encapsulating 

agent and the homogenised solution is fed to the spray-drying and atomized by a hot gas. In the end, occurs 

the formation of the particles that are separated in the cyclone and posteriorly recovered [2]. Once it is a 

rapid, continuous and reproducible technique and allows the production of capsules with good quality, 

spray-drying was selected as encapsulation procedure in this experimental work, what was explained in 

detail in the Section 2.2.1.1.1. 

 

1.3.1.2 Spray cooling/chilling 

Spray-chilling and spray-cooling are similar to the spray-drying technique. The active compound 

dissolved in a solution of the coating material is atomized through a pneumatic nozzle into a reactor. 

However, the active mixture is cooled instead of evaporated such as in spray-drying. Therefore, the water 

vaporization does not occur and the encapsulating agents solidify around the core material [7]. Spray-cooling 

differs from spray-chilling only in the melting point of the carrier material used: the normal melting point 

of encapsulating materials is in the range of 32-42 °C for spray-chilling and 45-122 °C for spray-cooling [45].  

Generally, the final characteristics of the particles produced by spray-cooling are affected by 

several processing parameters: size of the orifice of the atomizer, feed flow rate, temperature, compressed 

air pressure (or wheel speed), air flow rate, and viscosity of the emulsion to be pulverized. On the other 

hand, the size of the particles produced by spray-chilling depends on the formulating (concentration of the 

active ingredient and the viscosity of the feed) and operating parameters (configuration of the atomization 

and working conditions). In the end, the particles are typically matrix type, were the active ingredient is 

dissolved or dispersed throughout the total volume of the particle and not just in its centre, and spherical, 

with some imperfections on their surfaces. Once it not involves the solvent evaporation, the spray-cooling 

particles are dense and not porous [5].  

As spray-drying, these techniques are rapid, safe, reproducible and easily to scale-up. It can be 

operated continuously and, compared with other procedures, it is considered as environmental friendly 

(does not require the use of organic solvents). Spray cooling and spray chilling are very used to encapsulate 

aroma compounds and water-soluble materials. Theirs major limitations are the high process costs, and the 

special handling and storage conditions that they require [7].  
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1.3.1.3 Fluidized bed coating  

Fluid bed coating is a method used to encapsulate solid core materials, including liquids absorbed 

into porous solids. Solid particles to be encapsulated are fluidized on a jet of hot air into the coating 

chamber and then covered by a spray of liquid coating material. In the end, the capsules are successively 

wetted and dried by cooling or solvent vaporization until the walls have the desired thickness. This water 

evaporation is controlled by several factors like spraying rate, water content, air flow, humidity of the air 

inlet, and temperature [5,45].  

This technique enables the utilization of wider range of coating materials compared to the 

traditional spray-drying: these agents must possess an adequate viscosity, thermal stability and film-forming 

abilities [5].  

The particles obtained by this technique are uniform, with a size that ranges between 0,3 and 10 

mm. It is a low operational cost and high efficiency process, allowing a total temperature control. Its major 

disadvantage is the long duration of the encapsulation procedure and the large probability of occurs the 

formation of agglomerates [7].  

 

1.3.2 Extrusion Process  

The main principle behind all extrusion technologies involves the extrusion of a liquid mixture (the 

encapsulating material with the bioactive substance) through an orifice and formation of droplets at the 

discharge point of the nozzle. The extrusion techniques are classifying according to the droplet formation 

mechanism that can be due to the interaction of gravitational, surface tension, impulse and frictional forces. 

The droplets formed are immediately solidified to capsules by physical or chemical processes [5,45].  

The main factor that determines the size of the droplets is the orifice diameter. Furthermore, the 

size and shape of the capsules can also be influenced by composition, viscosity and surface tension of the 

polymer solution, as well as the operating parameters. However, by any of the extrusion processes, it is 

possible to produce spherical and uniform microparticles [5]. 

The common advantage of all extrusion techniques is the use of soft operational conditions, both in 

terms of temperature and solvents. However, this procedure leads to the production of very low quantities 

of particles (insufficient for industrial applications) and to the formation of capsules with very large 

diameters (> 2 mm). For that reason, in the last years, some improvements to this technique have been 

developed, that involves the optimization of the operational conditions and of the mechanism of droplet 

formation [5]. 

 

1.4 Other processes 

 

1.4.1 Encapsulation in Liposomes 

Liposomes consist of bilayer lipid systems which are concentric around an aqueous space. It results 

from hydrophilic and hydrophobic interaction between phospholipids and water molecules. These molecules 

can entrap water-soluble, lipid-soluble and amphiphilic materials, which allows their use in the cosmetic 

and food industry [5,16].  
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There are several techniques that allows the liposome formation, namely the membrane contactor-

based method, the freeze drying of double emulsion method and the proliposome method, mostly using 

natural components (biocompatible, biodegradable and non-toxic). This enables a faster and easier 

implementation of the liposomes in the industry, overcoming regulatory barriers [5].  

The main advantage of these structures is the capability of control the release rate at the target 

site and at the desirable time [16].  

 

1.4.2  Inclusion Complexation (Encapsulation in Cyclodextrins) 

Microencapsulation by inclusion complexation is usually performed by the use of cyclodextrins. 

These structures were discovered in the end of the nineteen century and, in a simplified point of view, can 

be considered as empty capsules of a certain molecular size, that allow the inclusion of “guest” molecules 

in their apolar cavity [5]. 

Cyclodextrins are a family of compounds with six, seven or eight glucose residues linked by α (1 – 4) 

glycosidic bonds, forming, respectively, α-, β- and γ-cyclodextrins. The interior part of these molecules is 

hydrophobic and, for that reason, is a suitable place to receive slightly polar compounds. On the other hand, 

their exterior part is hydrophilic [16,45].  

Generally, all the methods used for inclusion complexation are based on co-precipitation principles, 

but the conditions under which this technique will occur are specific for each individual guest molecule. 

Initially, the guest molecule is added to the CD aqueous solution and occurs the co-precipitation, that is 

followed by stirring/sonicating and/or heating [5].  

The main limitation of this technique is related to the lower water solubility of cyclodextrins. 

Furthermore, these molecules have a moderate and limiting loading capacity, which limits its use in an 

industrial scale [16].  

 

1.4.3 Supercritical Fluid Based Encapsulation 

Supercritical fluids are substances with particular properties between those of liquids and gases, 

that can also be easily changed by changing the temperature and pressure conditions. The fluid most 

frequently used in encapsulation procedures is CO2, since it is the second most abundant and the second 

least expensive solvent in earth. These substances are used during the encapsulation procedures to promote 

the precipitation of the active agent. The equipment used (spray towers and nozzles) is very similar to those 

used in the methods that involve the encapsulation in form of particles [46].  

The encapsulation techniques that involve the use of supercritical fluids are considered as safe, 

because the organic solvents are dramatically reduced. On the other hand, the removal of the supercritical 

fluid after the encapsulation procedure can be easily done by a depressurization. This type of procedure 

avoids the use of water, high operating temperatures and mechanical stresses that can degrade labile 

compounds [5].  

Supercritical fluid based encapsulation has been used in many processes related to pharmaceutical 

and biomedical products, and also in the encapsulation of sensitive food compounds, most of the times in 

combination with other encapsulation techniques, such as the fluidized bed coating [5].   
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1.4.4 Encapsulation in Yeast  

Since 1970, it is possible to use yeasts as capsules to stabilize molecules during storage under high 

relative humidity or high temperature conditions [5].  

This process requires, apart from yeast cells, only water and the active agent to be encapsulated. 

The main challenge of this technique resides in the crossing of the active agent through the plasma 

membrane, without causing irreversible changes in the integrity of the yeast cells: the yeast coating is 

composed by the cell wall and the plasma membrane; the first one allows the freely diffusion of molecules 

only with a molecular weight up to 760; the second one, as a semipermeable membrane, represents a barrier 

to the hydrophilic molecules [5].  

The yeast cells allow the production of thermostable encapsulated delivery systems, even at 250 

°C, and ensure an effective protection of the encapsulated bioactive against evaporation and oxidation. 

However, the retention of the active agent is significantly affected by the water content: if the water 

amount in the environment is too high, can occur the release of the encapsulated agents from the yeast 

cells, which makes water activity a critical factor for this technique [5].  

 

1.4.5 Encapsulation in Solid Lipid Nanoparticles 

Solid lipid nanoparticles have been proposed as an alternative to the emulsion systems, liposomes 

and polymeric nanoparticles, once it enables the incorporation of target compounds into nanostructures 

which, consequently, improve the approaches used to obtain a controlled release. Furthermore, these 

structures allow a high core material content, are biocompatible, less expensive, increase the stability of 

core compound and enable an easy scale-up. However, these nanoparticles may have a relatively high water 

content of the dispersions and can lead to the core material expulsion, after polymeric transition during 

storage [16].  

The advantages of use solid lipid nanoparticles can increase if combined with other procedures [16]. 

 

 

1.5. Techniques Comparison 

All the techniques previously described have been successfully used for preparing diverse types of 

microparticles. However, its selection should take into consideration the final purpose of the capsules, as 

well as the materials involved in their formulation. These encapsulation processes have several advantages 

and limitations (Table 12), that should be evaluated for each specific situation.  
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Table 12 - Advantages and Limitations of several Encapsulation Techniques (adapted from [5,7]). 

Methods Particle Size Advantages Limitations 
C

h
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a
l 

P
ro

c
e
ss

e
s 

Interfacial and 
In Situ 

Polymerization 
0,5 – 1000 µm 

Easy scaling up technique 
Fast 

High encapsulation efficiency 

Difficult to control 
Production of high quantity 

residual solvent 
Possibility of non-biodegradable 

and/or non-biocompatible 
monomers 

P
h
y
si

c
a
l 

- 
c
h
e
m

ic
a
l 

P
ro

c
e
ss

e
s 

Coacervation 1 – 500 µm 

Can be applied for heat-
sensitive actives 

High encapsulation 
efficiencies (40-90%) 

Good storage stability of the 
capsules 

Controlled release of actives 

Expensive 
Complex Mechanism 

Sensitive to environmental 
conditions 

Emulsification 
Process 

0,1 – 100 µm 

Easier to scale – up  
Small droplets 

Narrow size particles 
distribution 

Suitable for biodegradable 
and non-biodegradable 

polymeric microparticles, and 
a wide range of liquid and 

solid materials 

Expensive method 
Difficult to control the process 
Low encapsulation efficiency 
Production of high quantity 

residual solvent 

P
h
y
si

c
a
l-

M
e
c
h
a
n
ic

a
l 

P
ro

c
e
ss

e
s 

Spray-drying 1 – 50 µm 

Easy handling 
Low operating costs 

High production rates 
Reproducibility 

Wide choice of encapsulating 
materials 

Encapsulation efficiency 
between 10 and 90% 
Good stability of the 

encapsulated compounds 
Simple 

Difficult to control particle size 
Not suitable for high 

temperature-sensitive actives 
Moderate yields for small batches 

Non-uniform particles 
Tendency of particles to 

aggregate 
Low loading level 

Require further processing 

Fluidized Bed 
Coating 

> 100 µm 

Low-cost process 
Particle size distribution is 

controllable  
Total temperature control 
Can be used to add layer to 

preformed encapsulates 
Slow release of actives 

Lower encapsulation efficiency 
compared to other physical-

mechanical processes (5 – 50%) 
Temperature-sensitive actives 

can be degraded 
Long time process 

Spray-
Cooling/Chilling 

20 – 200 µm 

Suitable for heat-sensitive 
actives and for water-soluble 

materials 
Encapsulation efficiency 

between 10 and 100% 

Particle size is not easily 
controllable 

Moderate yields for small batches 
Microcapsules are insoluble in 

water 
Rapid release of the actives 
Special storage and handling 
conditions can be required  

High operating costs 
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Methods Particle Size Advantages Limitations 

P
h
y
si

c
a
l-

M
e
c
h
a
n
ic

a
l 

P
ro

c
e
ss

e
s 

Extrusion 
Process 

50 – 2000 µm 

Cost-effective 
No organic solvents and 

extreme temperature and pH 
conditions are required 

Can be performed under both 
aerobic and anaerobic 

conditions 
Can have higher production 

capacity 

Lower encapsulation efficiency 
compared to other physical-

mechanical processes (20 – 50%) 
Difficult to scale-up 

Difficult to process high viscous 
polymer solutions 

 

O
th

e
r 

P
ro

c
e
ss

e
s 

Emulsion 
technologies 

Emulsions > 200 
nm 

 
5 nm < 

Microemulsions 
< 100 nm 

 
20 nm < 

Nanoemulsions 
< 200 nm 

Low energy procedures: low 
cost method; 

High energy procedures: Can 
be scaled up 

Small droplet size 
Encapsulation efficiency up to 

100% 

Wide range of particle size and 
shape 

Higher operational costs/low-
energy efficiency 

Encapsulation 
in Liposomes 

10 – 1000 µm Controller release of actives 
Encapsulation efficiency between 

5 and 50% 
High costs of scale-up 

Inclusion 
Complexation 

1 – 1000 nm 

Inclusion efficiency between 
30 and 100% 

Controlled release of actives 
Increase solubility of 

hydrophobic molecules 

High price of cyclodextrins 
Restricted to low-molecular-

weight compounds  
Particles tends to agglomerate 

Supercritical 
fluid based 

encapsulation 

10 – 400 µm 

Avoid the use of organic 
solvents, ware, high 
temperatures, and 
mechanical stress 

High encapsulation efficiency 
(20 – 100%) 

Difficult to control the process 
Particles tend to agglomerate 

Encapsulation 
in Yeast 

≈ 5 µm 

Simple process 
Cost-effective process 

Capsules thermostable up to 
250 °C 

Gradual release of actives 

Water can affect the retention of 
the actives 

Encapsulation 
in Solid Lipid 
Nanoparticles 

- 

High core material content 
Biocompatible 

Low operating costs 
Increase the stability of the 

actives 
Easy scale-up 

The nanoparticles may have a 
high water content 

Can lead to the actives expulsion 
after polymeric transition during 

storage 

  

 

Table 12 (Continuation) – Advantages and Limitations of several Encapsulation Techniques (adapted from [5,7]). 
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Appendix 2: Encapsulating Agents 

 

2.1 Gum Arabic 

 Gum Arabic (Figure 26) is one of the most ancient and popular natural gums and can be obtained 

from the stem and branches of Acacia trees. These plants are abundant in central Sudan, central and west 

Africa, tropical and semi-tropical areas of the world and comprise more than 1000 species. However, only 

two of them have commercial interest: Acacia Senegal and Acacia seyal. The first one is considered the best 

in quality and covers the majority of global trade. The leading producer of Acacia gums worldwide is Sudan, 

followed by Nigeriam Chad, Mali and Senegal. These polydispersed molecules are formed by complex 

polysaccharides, with a highly-branched structure, consisting of galactose, arabinose, rhamnose and 

glucuronic acid, with the proportions of these compounds varying between the two species beforementioned 

[47,48]. They also contain a small amount of protein (≈2,5% (w/w) in the case of A. Senegal and ≈1% (w/w) in 

the case of A. Seyal) [47]. They have been used mainly in the food industry (confectionary products, 

beverages, fruits) due to its emulsifying and stabilizing properties. Furthermore, it can be used in textiles, 

paper, cosmetics and pharmaceutical applications [49]. However, this agent has some problems related to its 

availability, high cost and limited capacity against oxidation [14,16]. 

 

 

2.2 Sodium Alginate 

The alginates are natural, linear and anionic polysaccharides that contained alternating blocks of 

1,4’-linked beta-D-mannuronic and alpha-L-guluronic acid residues, being available as various grades 

depending on the purity required for a given application [23,37]. These polymers are derived from brown 

seaweeds, such as Laminiaria digitate, Laminiaria hyperboria, Macrocystis pyrifera and Ascophyllum 

nodosum [23,37]. These agents are commercially available in form of salt, e.g., sodium alginate (Figure 27) 

[23].  

Figure 26 - Gum Arabic: (a) Acacia tree; (b) Natural form; (c) Chemical structure (extracted from: (a) 

http://almannapcs.blogspot.pt/2014/01/; (b) https://www.britannica.com/technology/gum-arabic; (c) 

http://www.chemicalbook.com/ChemicalProductProperty_EN_CB3167739.htm). 
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Sodium Alginate, like all the other alginates, have numerous advantages, like its biodegradability, 

low toxicity and chemical versatility. Furthermore, they have a remarkable crosslinking capability and can 

form stable gel in aqueous media and mild condition, what makes this polymer very useful on pharmaceutical 

applications [23]. However, it has a high cost in industrial processes [14]. 

Alginate microparticles can be formulated by different methods such as atomization, emulsification 

and droplet generation techniques. They have been used to encapsulated a wide range of bioactive 

compounds, such as antibiotics, enzymes, proteins, peptides, among others, due to its low immunogenicity 

and biocompatibility [23]. 

 

2.3 Modified Chitosan 

Chitosan (Figure 28) is a polycationic polymer obtained by partial alkaline deacetylation of chitin, 

which is present in the structure of a wide number of invertebrates (crustaceans, exoskeleton insects, 

cuticles), being the second most abundant natural polymer in nature [14,26,27,37]. This agent is a copolymer of 

N-acetyl-D-glucosamine and D-glucosamine that, according to the preparation procedure, differs in the 

degree of N-acetylation (40-98%), molecular weight (50-2000 kDa) and crystallinity [14,26,27]. The molecular 

weight defines the viscosity of chitosan and, together with the deacetylation degree, have a significant role 

in the chitosan biological properties [14].  

 

Figure 27 - Sodium Alginate: (a) Natural Form; (b) Chemical Structure (extracted from: (a) 

http://www.yashenterprisesurat.com/productdetail?pid=20; (b) http://www.irochemical.com/product/Alginates/Sodium-

Alginate-I.htm). 

Figure 28 - Chitosan: (a) Natural Form; (b) Chemical Structure (extracted from: (a) 

http://nationchemistry.com/chitin-chitosan/; (b) https://www.researchgate.net/figure/263324738_fig2_Figure-2-

Chitosan-chemical-structure). 
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This encapsulating agent is widely used due to its interesting intrinsic properties, such as 

biocompatibility and biodegradability, and to its low cost, lack of toxicity, high protein affinity and 

availability [14,26,27,37]. On the other hand, this agent possesses reactive amino functional groups, which allows 

its application in many different fields [14,27].  

However, despite all its attractiveness, chitosan is water-insoluble, being only soluble in acidic 

solutions. This occurs due to its rigid crystalline structure and deacetylation, and conditionate its use as 

bioactive agent in many industrial applications [26,27,37]. To solve this limitation, chitosan structure can be 

chemically modified, introducing hydrophilic functional groups (carboxymethyl, dihydroxyethyl, sulfuryl, or 

phosphoryl) or using a depolymerization process (chemical, physical or enzymatic). The location of the 

functional groups can change with the reaction conditions and with the type of reagents used. These 

procedures allow the formation of a soluble agent in neutral aqueous solutions, with a low-molecular-

weight, called modified chitosan. This new compound can now be used on a wide range of applications in 

food, pharmaceutical and cosmetic industries, including the preservation of foods from microbial 

deterioration and the protection of some bioactive compounds [14,26].  
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Appendix 3: Method Validation 

 

 In the beginning of the experimental work, it was necessary to trace two different types of 

calibration curves: one for the rutin and another for the gallic acid. The first one was used to calculate the 

rutin concentration in the final capsules, using the absorbance values measured during the release tests. 

The second one allowed the determination of the total phenolic content of the elderberry extract and of 

all the capsules produced by spray-drying. The two curves represented the absorbance values as a function 

of the concentration of the respective compound (rutin or gallic acid) and were traced using the UV-Vis 

spectrometry that allowed the absorbance measurement of several standards, with a certain concentration.  

 

3.1 Rutin Calibration Curve 

 

Rutin is a flavonoid found in a wide variety of plants, including the Sambucus Nigra L.. It is 

considered the main phenolic compound of elderberry and, for that reason, during this experimental work, 

it is used as a calibration compound to calculate the final concentration of the capsules obtained by spray-

drying. 

In the construction of the rutin calibration curve, it was necessary to prepare ten different 

standards, with the following concentrations: 0,001; 0,0025; 0,005; 0,0075; 0,01; 0,02; 0,04; 0,05; 0,06; 

0,08 and 0,1 g/L. They were made from the rutin mother solution, prepared by the dissolution of 10 mg of 

rutin on 500 mL of water, staying, in the end, with a concentration of 0,02 mg/mL. After their preparation, 

the standards were evaluated by UV-Vis spectrometry, with detection on 240, 270 and 370 nm. These 

wavelengths correspond to the peaks of the rutin spectrum, represented in Figure 29. So, in the end, were 

traced three different calibration curves, one for each wave length (Figure 30). The absorbance 

measurements were made in triplicate and the final results, in general, presented a variation coefficient 

lower than 10%. 
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Figure 29 - Rutin spectrum, for a concentration of 0,02 g/L. 
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Figure 30 - Rutin calibration curves, for 240 nm (A), 270 nm (B) and 370 nm (C). 
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The calibration curves, for all the analysed wavelengths, presented very acceptable correlation 

coefficients, with values that ranged between 0,9944 and 0,9971. This parameter, as well as the equations 

of the curves, is represented in Table 13.    

 

Table 13 - Equations of the linear adjustments and the correlation coefficients, for all the rutin calibration curves. 

Wavelength (nm) Linear Adjustment Correlation coefficient 

240 𝑦 = 16,08𝑥 +  0,024 0,997 

270 𝑦 = 18,39𝑥 + 0,028 0,994 

370 𝑦 = 12,92𝑥 + 0,021 0,995 

 

Analysing the rutin spectrum (Figure 33), it is possible to verify that the peak of 370 nm is the most 

individualized, with well-defined boundaries, and, for that reason, their calibration curve was selected to 

the method validation. Furthermore, this curve allowed to evaluate the samples until a higher concentration 

than the others: the detection limits for the calibrations curves were of 0,001 to 0,06 mg/mL, 0,001 to 0,08 

mg/mL and of 0,001 to 0,1 mg/mL for the peaks of 240, 270 and 370 nm, respectively.  

 

3.2 Gallic Acid Calibration Curve   

Gallic acid is a phenolic acid commonly used in the industry as a standard for the determination of 

the phenolic content of various compounds, by the Folin-Ciocalteu method. Its spectrum has only one peak, 

located, approximately, at 273 nm (Figure 31). 

 

 

 

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1

150 250 350 450 550 650 750 850

A
b

so
rb

an
ce

s

Wavelenght (nm)

Figure 31 - Gallic acid spectrum, for a concentration of 0,02 g/L. 
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Initially were prepared several standards, with concentrations between 0,001 and 1 mg/mL, that 

were then analysed by UV-Vis spectrometry, with detention at 273 nm. From the absorbance values 

obtained, it was possible to trace the gallic acid calibration curve (Figure 32) but, due to the saturation of 

the solution at higher concentrations (the absorbance reaches a stable value, which leads to a stabilization 

level on the calibration curve), it presented a detection limit only until 0,03 mg/mL. The final curve had a 

correlation coefficient of 0,998 (Table 14). Like for the rutin calibration curve, the absorbance 

measurements were made in triplicate and the final results, in general, presented a variation coefficient 

lower than 10%. 

 

 

Table 14 - Equation of the linear adjustment and the correlation coefficient of the gallic acid calibration curve. 

Wavelength (nm) Linear Adjustment Correlation coefficient 

273 𝑦 = 36,54𝑥 +  0,085 0,998 
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Figure 32 - Gallic acid calibration curve at 273 nm. 
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Appendix 4: Determination of the Total Phenolic Content 

 

To be possible the application of the Folin-Ciocalteu method, it was necessary to prepare new 

samples, using the standards applied on the gallic acid calibration curve. It was followed the procedure used 

by Gao and co-authors, in which 300 µL of each standard, 600 µL of the Folin-Ciocalteu reagent, 6 mL of 

deionized water and 3 mL of a sodium carbonate solution, with a concentration of 0,15 g/mL, were mixed 

and analysed by UV-Vis spectrometry, with detection at 765 nm (Figure 33), after 2h of incubation at room 

temperature [39]. The absorbance values read for the lower and higher concentrations could not be included 

on the calibration curve because, for the first ones, it was still not possible to detected the peak at 765 nm 

(lower concentration of the Folin-Ciocalteu reagent) and, for the last ones, occurred the saturation of the 

samples (higher concentration of the FC reagent, translated by an intense blue coloration of the solution). 

So, in the end, the curve presented a detection limits between 0,2 and 0,8 nm (Figure 34) and a correlation 

coefficient of 0,974 (Table 15). In the determination of the total phenolic content, the results were 

expressed as mg of gallic acid equivalent (GAE)/L of solution. The TPC of the elderberry extract, before 

encapsulation, was also expressed as mg of gallic acid equivalent/g of active agent used.   
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Figure 33 - Spectrum of the Folin - Ciocalteu solutions, for a gallic acid concentration of 0,06 g/L. 
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Table 15 - Equation of the linear adjustment and the correlation coefficient of the FC calibration curve. 

Wavelength (nm) Linear Adjustment Correlation coefficient 

765 𝑦 = 4,021𝑥 +  0,736 0,974 

 

The total phenolic content was determined for the elderberry extract, before the encapsulation 

procedure, and for all the capsules produced by spray-drying (particles with rutin, elderberry extract and 

with only the encapsulating agents).  

 

4.1 Elderberry Extract 

 

After the extraction procedure by ultra-sounds with ethanol, it was obtained 50 mL of an elderberry 

extract solution that was subjected to the Folin-Ciocalteu method. Like it was previously said, 300 µL of the 

elderberry extract, 600 µL of the Folin-Ciocalteu reagent, 6 mL of deionized water and 3 mL of 15% Na2CO3 

were mixed and subjected to 2 hours of incubation, at room temperature. After this period, the prepared 

solution was analysed by UV-Vis spectrometry, in triplicate, from which the absorbance values at 765 nm 

were obtained. This procedure was made twice: one with the pure elderberry extract and another with the 

extract diluted 10x. However, in the case of the diluted solution, the absorbance values were located at 

the inferior extremity of the FC calibration curve, which is a zone with several associated errors. For that 

reason, the selected solution for the phenolic content determination was the pure elderberry extract, that 

had the absorbance values located, approximately, in the middle of the curve. The spectrum of the 

elderberry extract without dilution, after the application of the FC method, is represented in Figure 35.  
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Figure 34 - Calibration curve for the Folin - Ciocalteu method (detection at 765 nm). 
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With the absorbance values obtained by spectrometry, and using the equation of the FC calibration 

curve, it was calculated the concentration of gallic acid in the solution, that corresponds to the total 

phenolic content of the elderberry extract. The results are displayed in the Table 16, and were represented 

at mg GAE/L and at mg GAE/g plant material.   

 

Table 16 - Total Phenolic Content of the elderberry extract. 

𝑨𝒃𝒔̅̅ ̅̅ ̅̅  TPC (mg GAE/L) TPC (mg GAE/g) 

1,24 490 405 

 

 

4.2 Microcapsules  

 

After the spray-drying procedure, the recovered particles with rutin, elderberry extract and with 

only the encapsulating agents (modified chitosan, sodium alginate and gum Arabic) were also subjected to 

the FC method. In this case, the amount of capsules used on the FC solution was calculated by a mass 

balance: taking into account that the concentration values located on the middle of the gallic acid 

calibration curve are the most correct results (have less associated errors than those located on the 

extremities) and knowing the necessary volume for the final solution, it was possible to calculate the mass 

of gallic acid equivalent; on the other hand, based on previous studies, was estimated the percentage of 

rutin wanted in the final solution; with these two variables, and using the Equation 4, it was calculated the 

mass of capsules that should be addicted to the FC solution.  

 

𝑃𝑜𝑙𝑦𝑝ℎ𝑒𝑛𝑜𝑙 𝑎𝑚𝑜𝑢𝑛𝑡 (%) =
𝑚𝑎𝑠𝑠 𝑜𝑓 𝑔𝑎𝑙𝑙𝑖𝑐 𝑎𝑐𝑖𝑑 𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑐𝑎𝑝𝑠𝑢𝑙𝑒𝑠
 ×100 (4) 

Like for the evaluation of the pure elderberry extract, two different experiments were made: one 

without dilution and another with a dilution of 10x. In the first case, it was used 30 mg of microparticles 

Figure 35 - Spectrum of the FC solution with the elderberry extract without dilution. 
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diluted on 300 µL of deionized water and, in the second case, 10 mg of capsules were mixed with the same 

volume of water. Posteriorly, these 300 µL were added to the FC reagent, to the deionized water and to 

the 15% of Na2CO3, and the resulting solution were analysed by UV-Vis spectrometry, in triplicate, at 765 

nm. The most correct results were obtained for the samples without dilution, in which the absorbance values 

were located in the middle of the calibration curve. Using the FC calibration curve, the total phenolic 

content of all the samples was calculated (Table 17). 

 

 

Table 17 - Total Phenolic Content of the Microcapsules. 

 Microcapsules 

 Modified Chitosan Sodium Alginate Gum Arabic 

 Extract Rutin Empty Extract Rutin Empty Extract Rutin Empty 

𝑨𝒃𝒔̅̅ ̅̅ ̅̅  1,14 2,25 0,116 1,18 2,30 0,195 1,27 2,42 0,363 

TPC  

(g GAE/L) 
465 744 212 476 755 231 498 784 273 
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Appendix 5: Particle Size Distribution 

 

 The particle size distribution was evaluated by laser granulometry and performed for all the capsules 

obtained by spray-drying, including the particles composed only by the encapsulating agents. The different 

samples were characterized by volume and number average, being the size distribution profiles for each 

active agent represented in Figures 36, 37 and 38.  
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Figure 36 – Size distributions, by volume (1) and number (2), for the Rutin capsules with Modified Chitosan (A), Gum Arabic 

(B) and Sodium Alginate (C). 
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Figure 37 - Size distributions, by volume (1) and number (2), for the Elderberry capsules with Modified Chitosan (A), Gum 

Arabic (B) and Sodium Alginate (C). 
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The size distribution, by volume and number, of the capsules loaded with rutin and with the 

Elderberry extract are close to a normally distribution, except for the small particles in the distribution by 

volume. In this case, the graphs present more than one peak (two for all the capsules, with an exception 

for the sodium alginate capsules loaded with rutin, that presents three peaks), which suggests the existence 

of agglomeration effects. The size distributions for the empty particles are very heterogeneous: in the 

distributions by volume, the modified chitosan, sodium alginate and gum Arabic capsules present three, two 

and one peaks, respectively; in the distributions by number exist two peaks for the capsules with chitosan 

and alginate and only one peak for the particles with gum. 
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Figure 38 - Size distributions, by volume (1) and number (2), for the empty capsules with Modified Chitosan (A), Gum Arabic 

(B) and Sodium Alginate (C). 
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 The particles with diameters smaller than 16,6, 7,4 and 11,4 µm are responsible for 90% of the total 

volume of the rutin particles, with modified chitosan, gum Arabic and sodium alginate, respectively. On the 

other hand, particles with diameters smaller than 46,9, 16,6 and 22,8 µm are responsible for 90% of the 

total volume of the elderberry particles, with modified chitosan, gum Arabic and sodium alginate, 

respectively. For the empty capsules, the particles smaller than 12,6, 10 and 9,5 µm are responsible for 90% 

of the total volume of the particles with modified chitosan, gum Arabic and sodium alginate, respectively. 

In terms of number, the modified chitosan particles, with diameters smaller than 0,2, 1,33 and 0,49 

µm, are responsible for 90% of the total number of the rutin, elderberry and empty particles, respectively. 

For diameters smaller than 0,18, 0,28 and 0,89 µm, it is obtained 90% of the total number of the rutin, 

elderberry and empty particles with gum Arabic, respectively. Finally, for the particles with sodium 

alginate, 90% of the total number of the rutin, elderberry and empty capsules are represented by the 

particles with diameters smaller than 2,04, 1,41 and 0,79 µm, respectively. 
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Appendix 6: Scanning Electron Microscopy (SEM) 

 

 Scanning electron microscopy (SEM) is a technique that allows the study of the microparticles 

morphology. In this experimental work, all the capsules produced by spray-drying were analysed, even the 

ones without an active agent, with magnifications of 1 000x, 10 000x, 30 000x and 50 000x. The SEM images 

of the higher magnification were already shown in the dissertation body (Section 4.2.3), because they 

allowed a more detailed evaluation of the surface structure of the capsules. The remaining SEM results, that 

shows the particles amplified 1 000, 10 000 and 30 000 times, are represented in the Figure 39, 40 and 41. 

 

 

Figure 39 - SEM images of the microparticles with the elderberry extract (1), rutin (2) and without the active agent 

(3), with different biopolymers: Sodium Alginate (A), Modified Chitosan (B) and Gum Arabic (C). Amplified 1 000 

times, beam intensity (HV) 15.00 Kv, distance between the sample and the lens (WD) less than 11 mm. 
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Figure 40 - SEM images of the microparticles with the elderberry extract (1), rutin (2) and without the active agent 

(3), with different biopolymers: Sodium Alginate (A), Modified Chitosan (B) and Gum Arabic (C). Amplified 10 000 

times, beam intensity (HV) 15.00 Kv, distance between the sample and the lens (WD) less than 11 mm. 

(A1) (A2) (A3) 

(B1) (B2) (B3) 

(C1) (C2) (C3) 



Microencapsulation of Elderberry Extract with Applicability in Food and Pharmaceutical Industry 

Scanning Electron Microscopy                                                                                                                                                             75 

Like it was seen in the higher magnification, all the capsules presented a spherical morphology, with 

a regular and constant shape. In terms of size, it is possible to verify that all the samples have a 

heterogeneous size distribution, existing some small particles located on the middle of the capsules with 

large dimensions. On the other hand, their surface structure depends on the encapsulating agent used, being 

specific for each one of them: the particles formed with modified chitosan presented a very smooth surface 

and a regular shape; the sodium alginate capsules had a characteristic structure, with a concavity on their 

surface; and the particles with gum Arabic had a very rough morphology, with some wrinkles and 

indentations in their structure.  

 However, in the magnification of 10 000x (Figure 40), it is possible to see some collapsed capsules, 

that seems to correspond to the particles with the higher dimensions. This undesirable result could be 

happened due to several factors, such as: the occurrence of some contaminations during the capsules 

transport to the equipment installations or during the preparation of the samples for the SEM analyse 

(moisture, for example); the reaction between the samples and the adhesive tape; or the pulverization of 

the layer of gold: the vacuum created during this step could lead to the collapse of the capsules that had a 

Figure 41 - SEM images of the microparticles with the elderberry extract (1), rutin (2) and without the active agent 

(3), with different biopolymers: Sodium Alginate (A), Modified Chitosan (B) and Gum Arabic (C). Amplified 30 000 

times, beam intensity (HV) 15.00 Kv, distance between the sample and the lens (WD) less than 11 mm. 
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lower amount of active agent inside. On the other hand, this can be an indicator that the capsules loaded 

with elderberry extract, when reach a certain size, lose their stability and, as a result, burst.  
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Appendix 7: Controlled Release Studies 

 

 

 

 

The last step in the microparticles characterization is the study of their release system. It gives 

information about the time release of the capsules, which allows to compare the different behaviours of 

each encapsulating agent and to analyse the future applicability of each type of capsules.  

In this experimental work, the release study was performed in deionized water because a large 

percentage of food, pharmaceutic and cosmetic formulations are aqueous. This evaluation was made for 

the capsules loaded with the elderberry extract, rutin and even for the empty particles, constituted only 

by the encapsulating agents. This allows the study of the influence of the compound (elderberry extract and 

rutin) and of the encapsulating agent (modified chitosan, gum Arabic and sodium alginate) in the release 

profiles. Each type of capsules was analysed in triplicate by UV-Vis spectrometry, during, approximately, 

30, 40 and 50 minutes, for the rutin, elderberry and empty capsules, respectively. These test duration times 

were selected in order to ensure a completely release of the active agents and, in the case of the empty 

capsules, to allows the formation of a stabilization level. To be possible the study of the release profiles, it 

was necessary to create a new programme on the data processor of the UV equipment, specific for the rutin 

(the compound used as a standard during this experimental work). In this programme, in addition to the 

time period between the initial command in the data processor and the start of the kinetic test and to the 

measurement period, the peaks of the rutin spectrum were defined, with a maximum permissible variation 

of 10: 240±10 nm, 275±10 nm and 370±10 nm. 

In Figure 42 are presented the different release profiles, obtained directly from the equipment, 

that represent the absorbance values during the time of the analyse. These profiles correspond to the 

average between the results obtained in the three tests performed for each sample. 
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Figure 42 - Release profiles of the Elderberry (A), Empty (B) and Rutin (C) capsules, with sodium alginate 

(1), modified chitosan (2) and Gum Arabic (3). 
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After the UV-Vis spectrometry analyse, some mathematical models were adjusted to the release 

profiles obtained by the equipment, being evaluated which of them presents the best correlation with the 

practical results. The different equations used in this mathematical modelling are described in the Section 

4.2.4.1. and presented, briefly, in the Table 9.  

 

 

All the equations displayed in the previously table are expressed in mass units and, for that reason, 

it was necessary to convert the absorbance values, obtained directly from the equipment, in the 

concentration and, posteriorly, in the mass, released during the experimental tests. The rutin, being the 

main polyphenol compound of elderberry, was used as a standard: from the equation of the rutin calibration 

curve (Appendix 3), it was possible to calculate the concentration of this compound, released in each time 

Figure 9 - Mathematical Models for controlled release of substances (adapted from [14]). 
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Figure 42 (Continuation) – Release profiles of the Elderberry (A), Empty (B) and Rutin (C) capsules, with sodium 

alginate (1), modified chitosan (2) and Gum Arabic (3). 
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period of the tests. On the other hand, multiplying the concentration results by the volume of deionized 

water used during the analyses, it is obtained the mass of rutin.  

On the other hand, in order to simplify the adjustment of the mathematical models, it was made 

the linearization of the first order, Korsemeyer-Peppas and Weibull equations (Table 18 – step 1), and, 

consequently, the graphs where occurred the mathematical modelling had as x and y the variables most 

adequate for each adjustment. The different release profiles, in mass units, as well as the linear 

adjustments between the mathematical models and the practical results, are represented in the Figures 43 

and 44.  

 

 

 

 

 

 

 

 

 

 

 

 

Table 18 - Linearization of the First Order, Korsemeyer - Peppas and Weibull equations. 
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Figure 43 - Mathematical Modelling of the release profiles of the capsules loaded with elderberry extract, using different 

equations: (A) Zero Order; (B) First Order; (C) Higuchi; (D) Korsemeyer - Peppas; (E) Weibull. 
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Figure 44 - Mathematical Modelling of the release profiles of the capsules loaded with Rutin, using different equations: (A) Zero 

Order; (B) First Order; (C) Higuchi; (D) Korsemeyer - Peppas; (E) Weibull. 
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So, in the end, it is obtained a linear adjustment for each release profile, from which is easier to 

analyse the model parameters. In the specific case of the Korsemeyer-Peppas equation, it is possible to 

verify which type of released mechanism is involved in the active agent movement, from the analysis of the 

parameter “n”. This interpretation is available on the literature, and is presented in a simplified way in 

Table 19. In this case, once the capsules produced by spray-drying had a spherical shape, like it was 

confirmed by the SEM images, the analysis of this parameter should be done in the third line of the table 

(“Form: Sphere”).  

 

Furthermore, taking into consideration the Weibull model and evaluating its parameter “β”, it is 

possible to investigate the shape type of each release curve (Table 20). 

 

Table 20 - Interpretation of the shape parameter (β) in Weibull equation. 
 

β Shape of the release curve 

< 1 
Exponential profile with a steeper increase 

than the one with β = 1 

= 1 Exponential profile 

> 1 Sigmoidal with a turning point 

 

The detailed interpretation of all these parameters and of the linear adjustments, obtained for all 

the release tests, is presented in the Section 4.2.4.1 of the dissertation body.   

 

The Figures 45, 46 and 47 displayed the same adjustments described in the Figures 43 and 44 but, 

in this case, all of them are adjusted to the release profiles that represented the mass of active compound 

released during the experimental time. These last adjustments result from the substitution of the 

Table 19 - Interpretation of the release exponent (n) in Korsemeyer - Peppas equation (extracted from [14]). 
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parameters of the mathematical models determined before in the equations of the respective models (Table 

18 – step 2).  
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Figure 45 – Adjustments of the mathematical models (zero order (1), first order (2), Higuchi (3), Korsemeyer – Peppas (4) and 

Weibull (5)) to the release profiles, in terms of mass, of the sodium alginate particles loaded with the elderberry extract (A) and 

with the rutin (B). 
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Figure 46 – Adjustments of the mathematical models (zero order (1), first order (2), Higuchi (3), Korsemeyer – Peppas (4) and 

Weibull (5)) to the release profiles, in terms of mass, of the modified chitosan particles loaded with the elderberry extract (A) 

and with the rutin (B). 
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Figure 47 – Adjustments of the mathematical models (zero order (1), first order (2), Higuchi (3), Korsemeyer – Peppas (4) and 

Weibull (5)) to the release profiles, in terms of mass, of the Gum Arabic particles loaded with the elderberry extract (A) and with 

the rutin (B). 
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The analysis of the previous figures allows to confirm the conclusions mentioned in the Section 

4.2.4.1 of the dissertation body: the kinetic models that had a better adjustment to the practical results 

were the zero order, the Korsemeyer-Peppas and the Weibull but, from these three equations, the one that 

adjusts to a greater number of points was the Weibull model; on the other hand, the first order equation 

and the Higuchi model did not adjust to the experimental results.  

 

 

 

 


