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ABSTRACT 
Nanoparticles obtained by chitosan and tripolyphosphatehas been largely studied due to its 

entrapment characteristics. However, several parameters can influence the synthesis and 

encapsulation processes. In this way, this work proposed to study the nanoparticle formation with 

chitosan and tripolyphosphate in function of the acid concentration (1.0; 0.5 and 0.1%) and the kind 

of the acid (hydrochloric and acetic). Conductometric and Potentiometric techniques showed that 

the reactional system was very dependent on the pH variation. The best condition, both for HCl and 

acetic acid, was achieved for systems with lower pH variation. For such systems, Dynamic Light 

Scattering technique showed formation of nanoparticle with the lowest size (135±7 nm) and higher 
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stability (zeta potential near 30 mV). Also, by Scanning Electronic Microscopy, such systems 

exhibited good morphological aspect, with nanoparticles having spherical shape and lower level of 

agglomeration. The cryoprotection with sucrose solution before freeze-drying was fundamental to 

get samples with the improved re-suspension ability and preserved nanoparticle character. By UV-

visible spectrophotometry, both HCl and acetic acid-based systems resulted in nanoparticles with 

good polyphenols encapsulation efficiency (~70%). The release profile was pH-dependent. In this 

way, the chitosan and tripolyphosphate ionic gelification need an accurate pH control both in the 

synthesis and in the encapsulation-release processes. 

 

Keywords: Hydrogel; Polyelectrolyte; Ionic crosslinking; Polyphenols; Encapsulation. 

RESUMO 
Nanopartículas obtidas a partir dequitosana e tripolifosfato têm sido amplamente estudadas devido 

às suas características de encapsulamento. No entanto, vários parâmetros podem influenciar nesse 

processo. Dessa forma, este trabalho propôs estudar a formação de nanopartículas com quitosana e 

tripolifosfato em função da concentração de ácido (1,0; 0,5 e 0,1%) e do tipo de ácido (clorídrico e 

acético). As técnicas condutométricas e potenciométricas mostraram que o sistema reacional foi 

dependente da variação do pH. A melhor condição, tanto para HCl quanto para ácido acético, foi 

alcançada para sistemas com menor variação de pH. Para esses sistemas, a técnica deEspalhamento 

Dinâmico de Luz mostrou formação de nanopartículas com o menor tamanho (135 ± 7 nm) e maior 

estabilidade (potencial zeta próximo a 30 mV). Além disso, por Microscopia Eletrônica de 

Varredura, esses sistemas exibiram aspecto morfológico regular, com nanopartículas com formato 

esférico e menor nível de aglomeração. A crioproteção com solução de sacarose antes da 

liofilização foi fundamental para obter amostras com a capacidade de ressuspensão aprimorada e o 

caráter de nanopartícula preservada. Por espectrofotometria visível no UV, os sistemas baseados em 

HCl e ácido acético resultaram em nanopartículas com boa eficiência de encapsulamento de 

polifenóis (~ 70%). O perfil de liberação foi dependente do pH. Dessa forma, a gelificação iônica 

de quitosana e tripolifosfato precisa de um controle preciso do pH, tanto na síntese quanto nos 

processos de liberação do encapsulamento. 

 

Palavras-chave: Hidrogel; Polieletrólito; Reticulação iônica; Polifenóis; Encapsulamento. 

 

1  INTRODUCTION 

The main challenging in working with nanoparticles (NP) synthesis from polyelectrolyte 

polysaccharides is its dependency on factors related to shape and structure. The polysaccharide 

concentration, the ratio of polymer-crosslinking agent and the presence of a third component (salt, 

encapsulated substance, etc.) can be assumed as the main interfering factors in NP synthesis. 

Particularly for chitosan, several studies have been conducted in an attempt to a better attribution of 

such parameters. In one of them, it was evaluated the influence of the chitosan molecular weight, 

the ratio of crosslinking agent tripolyphosphate (TPP) and the pH on the final size and zeta potential 

of synthetized NP [1]. Concerning the NP sizes, it increases steadily with chitosan concentration, 

equally for low, medium or high molecular weight chitosan. Small-sized NP could be achieved by 

reacting a low concentration of low or medium molecular weight chitosan. Besides, the same 

authors reported that the ratio of chitosan to TPP also influence the NP structure significantly, 

increasing in size as the proportion of TPP is increased. In this way, chitosan to TPP mass ratio 
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should be around 3:1 or 3:2 [1]. Recent optimization study based on factorial design has confirmed 

such chitosan to TPP mass ratios [2,3]. The 3-D surface responses have also confirmed the 

influence of the increasing of chitosan concentration and its rate to TPP on the NP size. 

However, such chitosan-TPP system requires further optimization if a third species is 

included, for example, the addition of a compound or molecule to be encapsulated [2,4]. In this 

scenario, it is clear that the characteristics of each substance will interfere on the NP architecture as 

well as on its encapsulation efficiency [5]. The understanding of such polyelectrolyte-TPP-

encapsulated substance structure is fundamental for the practical application of the chitosan NP in 

biological systems [6-8]. Multicomponent substances such as essential oils and polyphenols extracts 

increase even more the complexity of the system. However, due to its potential application, for 

example, as polymeric films [9,10], it must be studied. 

Particularly for the polyphenols obtained from grape extract, they are widely studied due to its 

broad range of biological effects as antioxidants, antimicrobials, and modulators of various enzyme 

systems. Beneficial effects for human health have been demonstrated in experimental studies for 

cardiovascular diseases, cancer, diabetes, neurodegenerative diseases and many others [11]. Based 

on this, polyphenol has been added to polymers in forms of nanoparticle and nanocomposite 

[12,13]. In the Agricultural sector, polyphenols can be useful as an active antifungal ingredient in 

edible coatings to extend the shelflife of perishable fruits and vegetables [14,15]. 

In the face of the complexity of this multivariable system, it is necessary to understand the 

basic principle that leads the NP formation. Particularly for chitosan, the ionic crosslinking with 

specific polyanions is a widely used technique [16]. Chitosan can form gel spontaneously on 

contact with multivalent polyanions due to the network formation of inter- and intramolecular 

cross-linking [4]. Among the investigated polyanions, the TPP has been distinguished due to its 

non-toxic nature, quick gelling ability and easy interaction under mild conditions, configuring as 

the most promising system for processing NP carriers for macromolecules delivering [1,16]. 

Based on this, aiming a better control of the synthesis and encapsulation, the present study 

explores the influence of the acid solvent on the NP formation. It is discussed if different anions 

from acids, e.g., Cl- or CH3COO-, in different concentration, has some influence upon the NP 

architecture. Also, the encapsulation efficiency of the improved NP with grape skin extract is 

evaluated as well as its release property, focusing the potential application in agricultural, food and 

biomedical areas. 
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2  MATERIALS AND METHODS 

2.1  MATERIALS 

Sodium tripolyphosphate (TPP) and medium molecular weight chitosan (Chi), 80% 

deacetylated, were purchased from Aldrich Chemical Company Inc. (USA) and used as supplied. 

Hydrochloric acid (37%, p.a. – ACS reagent) and glacial acetic acid were acquired from Alphatec 

(Brazil) and Vetec (Brazil) respectively. The byproduct from winery activity (VitisVinifera, 

‘Egiodolla’ variety) was supplied by ViniBrasil enterprise, located in Petrolina, PE, Brazil. 

 

2.2 DETERMINATION OF FREE ACID IN CHITOSAN SOLUTION BY CONDUCTOMETRIC 

TITRATION 

Initially, the unbounded amount of acid used to prepare chitosan solution was determined by 

conductometric titration. For this, chitosan solutions of 3.0 mg cm-3 were prepared in three acid 

concentrations: 1.0; 0.5 and 0.1% (v/v) by using hydrochloric and acetic (HAc) acids. The solutions 

were titrated with 0.5 M aqueous sodium hydroxide solution and the electrical conductivity 

monitored with a digital conductometer (Digimed DM-3P, Brazil). 

 

2.3  DETERMINATION OF THE PH VARIATION AND NP YIELDING 

The NP were synthetized according to the sequence previously described [5]. Two aqueous 

TPP solutions (50.0 cm3) at 0.6 mg cm-3 or 1.2 mg cm-3 were prepared and added drop-wise to 50.0 

cm3 of chitosan solutions (3.0 mg cm-3) at the different acid concentrations (as formerly described). 

The initial and final pH was recorded (pH-meter Digimed DM-3P, Brazil). For the determination of 

yielding (recovered mass), after the pH measuring the sample was centrifuged at 20,000 RPM 

(~43,000 RCF) in a centrifuge (Beckman Coulter, model Avanti J26-XP, California, USA) for 20 

minutes and 5oC. The precipitated NP was freeze-dried before mass determination. 

 

2.4  CHARACTERIZATION OF THE NP IN THE FUNCTION OF THE ACID KIND AND 

CONCENTRATION 

The size, zeta potential and morphology were considered the most significant characteristics 

to be evaluated in the chitosan-TPP NP processing. For this, the NP synthesis was performed in two 

different chitosan solvent acids (HCl and CH3COOH) at concentrations of 1.0; 0.5 and 0.1%, and 

the resulting particles analysed by Dynamic Light Scattering (DLS, Malvern Instruments Ltd., 

model ZS Zen 3600, Worcestershire, United Kingdom). This allowed determining both size and 

zeta potential. 
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The morphology of the chitosan NP was evaluated by Scanning Electronic Microscopy 

(SEM). After the synthesis, the suspension was centrifuged (as described above), the supernatant 

discarded and the NP freeze-dried. The dry powder was re-suspended in water and deposited onto a 

glass sheet for gold deposition and SEM observation (Tescan, model Vega 3, Kohoutovice, Czech 

Republic). In addition, some NP precipitated was submitted to cryoprotection pre-treatment with 

sucrose solution at 5.0% (w/v) in water and freeze-dried. After the drying, the powder was washed 

three times with deionized water to remove the excess of sucrose and re-suspended in water. 

Aliquots were deposited onto a glass sheet for pre-evaluation by Optical Microscopy (OM) with a 

microscopy Coleman, N107T, Brazil. Some samples submitted to cryoprotection pre-treatment 

were also observed by SEM as described above. 

 

2.5  EXTRACTION AND ENCAPSULATION OF POLYPHENOLS 

The methodology for extraction of polyphenols was based in a hydro-alcoholic extraction. For 

this, at first, the seeds were separated from the wine byproduct and 200 g of grape skin was 

extracted with water-ethanol, as described in the literature [17]. After the filtration, rotaevaporation 

and lyophilization, a dry material was obtained and stored in the dark at -20 oC until utilization. The 

polyphenol extract was then encapsulated in the chitosan NP, as described in item 2.3, with the 

previous addition of 80.0 mg dry extract to the TPP solution (50.0 cm3 at 1.0 mg cm-3). The 50.0 

cm3 of chitosan solution (3.0 mg cm-3) was prepared both in HAc and in HCl at 0.5% (v/v). 

For determination of Encapsulation Efficiency (EE), it was used an UV-visible 

spectrophotometer from Thermo Fisher Scientific®, model Multiskan GO, Waltham, MA USA. 

First, the NP suspension was centrifuged at 20,000 RPM for 20 minutes at 8 °C and the supernatant 

quantified for the phenolic compound. For this, calibrations curves were set with appropriated 

concentrations of freeze-dried skin grape extract in ethanol-water solution (1:1). The maximum 

absorbance in the UV-Visible spectrum (200-400 nm range) was 278 nm. The resultant calibration 

curve fit was y = -0.1878 + 8.7375x (R2 = 0.9738). 

NP with encapsulated extract was also evaluated for the release profile. For this, 10.0 g of 

centrifuged hydrogel was suspended in 60% ethanol-phosphate buffer solution (40.0 cm3) under 

orbital agitation at 120 RMP and 25 oC. At pre-determinate time intervals, aliquots of the solution 

were analyzed by UV-Visible spectroscopy, as described above. The freeze-dried NP with 

encapsulated extract was also evaluated for the release profile. For this, 100.0 mg of freeze-dried 

NP was dispersed in 60% ethanol-phosphate buffer solution (20.0 cm3) and proceeded as above. For 

release experiment in different pH, this was adjusted with HCl or NaOH solution at 1N. The 

experiment was done in duplicate. 
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3  RESULTS AND DISCUSSION 

For the solubilization of chitosan, it is necessary to have a minimum amount of H+ in the 

solvent in order to protonate the chitosan amino moieties. This minimum H+ amount is not easy to 

be determined due to the polyelectrolyte nature of the chitosan. An exact determination requires the 

accurate measurement of the degree of deacetylation, transport coefficient and degree of 

dissociation [18]. However, considering that the most reported acid concentration for solubilizing 

chitosan is 1.0% (or even 2.0% v/v), it is quite evident that there is a great excess of H+ in the 

solution. The titration curve of Chi-HCl at 0.5% confirm such fact in which the graph shows three 

different slops (Figure 1a). The first branch of the graph corresponds to the neutralization of H+ in 

excess due to high molar conductivity of ions H+ and Cl- when compared to the conductivity of Chi-

NH3+. The second branch is generated by the neutralization of Chi-NH3+. Finally, the third slop is 

related to the increase of the conductivity due to the NaOH excess [18]. On the other hand, for the 

titration of Chi-HCl at 0.1%, it is not possible to identify the first branch, related to the excess of 

H+. It is important to highlight that despite this low H+ concentration, the chitosan mass was fully 

soluble. In this case, the concentration of H+is assumed to be near the minimum necessary to 

solubilize the chitosan. Theoretically, by considering the HCl concentration (37%) and its density 

(1.19 g cm-3), when in solutions at 0.1 and 0.5% (v/v) the concentration of H+ must be 0.0121 and 

0.0603 M, respectively. In fact, these lowest concentrated acid solutions are very close to the 

stoichiometry of the glucosamine in the chitosan structure, that is 0.0140 ~ 0.0158 M, considering 

50 cm3 at the concentration of 3.0 mg cm-3 and degree of deacetylation ranging from 75 to 85%. 

Also, considering the 1.29 cm3 volume of NaOH at 0.5 M used to neutralize exclusively the 

protonated Chi-NH3+, it is found an equivalent of 6.5 10-4 mol. Such value is very close to 7.45 10-

4mol of glucosamine calculated for 50 cm3 at 3.0 mg cm-3 and degree of deacetylation 

approximately 80%. 
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Figure 1. Conductimetric titration curves for chitosan acid aqueous solution (3.0 mg cm-3) with NaOH 0.5 M for a) 

hydrochloric acid at 0.5% (■) and 0.1% (●) (v/v) and b) acetic acid at 1.0 (■); 0.5 (●) and 0.1% (▲) (v/v). 

 

The titration of Chi-HAc had a different aspect, resulting in a two-branch graph (Figure 1b). 

This occurs in reason of differences in strength, conductivity and degree of dissociation of 

CH3COOH when compared to HCl system. In this way, it was not possible to identify any change 

of inclination in the titration curve, preventing the determination of the H+ in excess. However, 

considering that the chitosan was fully dissolved at the lowest 0.1% acetic acid solution and its 

titration curve was similar to that at high acid concentration, it is possible to affirm that this lowest 

acid concentration is sufficient to solubilize the chitosan without an excess of H+. Moreover, 

considering the density of glacial acetic acid (1.049 g cm-3), the 0.1% acetic solution results in a 

0.0175 M that is close to 0.0140 ~ 0.0158 M for glucosamine in the solution. 

In the face of these numerical relations, it is clear that the concentration of 1.0% acetic acid 

generally used to solubilize chitosan and prepare nanoparticles has a great excess of H+, which may 

influence the particles architecture [1] as well as its encapsulation efficiency. 

 

4   INFLUENCE OF THE ACID ON THE PH VARIATION AND YIELDING 

TPP is a moderated conjugated base. The aqueous TPP solution at 1.2 mg cm-3 and 0.6 mg 

cm-3 resulted in respective pH 9.58 and 9.69. Pentabasictriphosphoric acid, H5P3O10, has pKa of 1.0, 

2.2, 2.3, 3.7 and 8.5 [19]. Consequently, it is found partially undissociated at acid chitosan solution 

(Eq. 1), which will influence the pH equilibrium during the NP synthesis. 

 

𝑃3𝑂10
5− + 𝐻+ ⇌ 𝐻𝑃3𝑂10

4−  [Eq. 1] 
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In fact, according to Table 1, the pH of the solution showed significant change after the 

synthesis. For Chi-HAc at fixed chitosan (3.0 mg cm-3) and TPP (1.2 mg cm-3) concentrations, by 

varying only the acid concentration, the pH increased inversely proportional with respect to the 

acid concentration. This means that some fraction of TPP is, in fact, reacting with the H+ from 

CH3COOH. Therefore, as more diluted the acetic solution, less ionic species will be available to 

react, then the pH variation will be large. However, this last condition (CH3COOH = 0.1% and TPP 

= 1.2 mg cm-3) resulted in precipitation of NP, indicating the formation of larger particles. By fixing 

the CH3COOH concentration at 0.1% and decreasing the TPP concentration to 0.6 mg cm-3, the 

resulted pH was not much different from that measured at TPP = 1.2 mg cm-3. However, this 

resulted in profound changes in the NP characteristics, as will be discussed in the next item. A 

similar trend was observed for Chi-HCl solution, which pH also has changed greatly when fixing 

TPP at 0.6 mg cm-3 and varying the acid concentration. In accordance, by combining more diluted 

acid solution (0.1%) with a more concentrated TPP solution (1.2 mg cm-3), the changes in the pH 

was reduced, but the formed NP also have precipitated. 

 

Table 1. pH variation and yielding in the synthesis of NP from chitosan solution (3.0 mg cm-3) in HCl and acetic acids 

solutions at different concentrations. 

Samples TPP conc. 

(mg cm-3) 

pHi pHf pH Yielding 

(mg) 

NP HAc 1.0% 1.2 2.71 3.75 1.04 97.4 

NP HAc 0.5% 1.2 2.93 4.14 1.21 45.6 

NP HAc 0.1% 
1.2 

3.30 
5.58 2.28 31.4 

0.6 5.44 2.14 38.2 

NP HCl 0.5% 0.6 1.46 1.90 0.44 19.4 

NP HCl 0.1% 
0.6 

1.89 
5.28 3.39 51.6 

1.2 5.72 3.83 19.6 

 

Special attention must be given to the yielding, accounting for the total mass recovered. In 

general, it is not possible to yield 100% of NP just by considering the total amount of chitosan and 

TPP masses put in the system. Moreover, some contaminants like salt as CH3COO-Na+ may be 

present in the NP, and there is no clear trend relating NP yielding production and pH solution. 
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4.1  INFLUENCE OF THE ACID IN THE NP SIZE AND ZETA POTENTIAL 

The NP properties showed to have a high dependence on the type and concentration of acids 

(Table 2). For the first three entries, with fixed chitosan (3.0 mg cm-3) and TPP (1.2 mg cm-3) 

concentrations, the decreasing of acetic acid concentration resulted in a concomitant increase of the 

NP size. For NP HAc 0.1% and TPP 1.2 mg cm-3, the suspension precipitated spontaneously. This 

result confirms that the acid concentration plays an important role in the NP formation. Also, the 

pH variation before and after reaction synthesis gives more information about the NP structure 

(Table 1). 

Specifically for HAc 0.1%-TPP 1.2 mg cm-3, it has a high pH variation (Table 1), indicating 

that the formation of NP is highly pH equilibrium dependent. A similar effect can be found in other 

reported studies. For example, using NaOH for pH adjustment in the chitosan solution leads to an 

increase in the NP size [1]. On the other hand, a reduction in the pH of the TPP solution with acid 

addiction before the NP synthesis generates NP with smaller sizes [20]. Probably, the reactivity of 

the undissociated formed species (Eq. 1) represents the real force that drives the NP formation. The 

low value found for the zeta potential for the system NP HAc 0.1% and TPP = 1.2 mg cm-3 (Table 

2) is compatible with its low stability. The weak net of positive charges established around the 

particles resulted in their instability and precipitation. 

 

Table 2. Size, polydispersity index and zeta potential variations in the synthesis of NP from chitosan solution (3.0 mg 

cm-3) in HCl and acetic acids solutions at different concentrations. 

Samples TPP conc. 

(mg cm-3) 

Size (nm) PdI Zeta Potential 

(mV) 

NP HAc 1.0% 1.2 135±7 0.42±0.02 29±1 

NP HAc 0.5% 1.2 142.4±0.3 0.300±0.009 25±2 

NP HAc 0.1% 
1.2 1011±42 0.51±0.04 10.8±0.4 

0.6 653±14 0.56±0.02 38±1 

NP HCl 0.5% 0.6 287±19 0.6±0.1 36±2 

NP HCl 0.1% 
0.6 538±13 0.54±0.05 48±1 

1.2 615±18 0.27±0.02 19.9±0.5 

 

Therefore, the synthesis of NP exclusively from protonated chitosan and TPP, without any 

excess of H+, is not a trivial task due to the TPP equilibrium. However, by decreasing the TPP 

concentration to 0.6 mg cm-3 and keeping the HAc at the low level (0.1%), the system was shifted 
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to a better condition (low NP size e high zeta potential). Although, the NP size range was higher 

than that found for NP HAc 1.0%. 

For NP generated from the HCl solution, the results were very similar (Table 2). At fixed 

chitosan (3.0 mg cm-3) and TPP (0.6 mg cm-3) concentrations, the decreasing in the HCl 

concentration from 0.5% to 0.1% resulted in NP size increasing. Additionally, by reducing HCl to 

0.1% and TPP increased to 1.2 mg cm-3, the system became unstable, resulting in large NP sizes 

and low zeta potential values. 

Comparing HAc and HCl as solvents, HCl reveals as a possible alternative for chitosan NP 

production, since, in general, by using this acid the resultant NP have higher zeta potential then 

those found when using HAc, what is a consequence of a more stable reducing agglomeration. 

Further, the NP size is smaller than those measured for the HAc system, mainly when using HCl at 

0.1%. 

The polydispersity index variation did not exhibit any trend with the type of acid anion nor its 

concentration, presenting an intermediary polydispersity index. 

 

4.2  MORPHOLOGICAL ASPECTS 

Besides the size, the morphological characteristics of the chitosan NP play an important role 

in its functionality, especially concerning the delivery of active compounds and the antibacterial 

activity [21,22]. The most effective particle shape for bacterial interaction is spherical and small in 

size, in order to penetrate thought the bacterial membrane and target the internal components of the 

cell [20]. 

However, the isolation of NP to achieve nanopowder is a challenging task due to the 

polyelectrolyte nature of the components, resulting in dense agglomerates. Depending on the 

intensity of such cohesive forces, the nanopowderis not able to be re-suspended in an aqueous 

medium after the lyophilization. Observations carried out by SEM analysis showed that NP 

obtained at the high acid concentration (HAc 1.0%) after lyophilization, showed an intense 

agglomeration with flake-like structure (Figure 2a), not allowing individual NP identification 

(Figure 2d). However, when acid concentration was decreased (HAc 0.5% and HAc 0.1%) a flake-

like structure remained at low magnification (Figures 2b,c), but at high magnification, the NP 

structure was evidenced (Figure 2e,f). This is a significant result, which shows that the reactional 

condition has a strong influence on the isolation process of the material. Based on this, it is possible 

to conclude some role of the acid concentration. The highest acid concentration resulted in NP with 

low size (Table 2 - HAc 1.0% - 1.2 TPP), but such excess of acid in the reactional medium did not 

allow the isolation of a nanopowder with NP characteristics. On the other hand, regarding the 
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lowest acid concentration, NP was a little great in size (Table 2 - HAc 0.1% - 1.2 TPP), but some of 

its characteristics were preserved. 

 

 

Figure 2. SEM images for freeze-dried samples of NP HAc 1.0% - 1.2 TPP (a, c); NP HAc 0.5% - 1.2 TPP (b, d) and 

NP HAc 0.1% - 1.2 TPP (c, f) with low (a, b and c) and high (d, e and f) magnifications. 

 

To better understanding the isolation process, before lyophilization the NP suspension was 

preserved by cryoprotection (aqueous solution of sucrose). In this way, it is possible to obtain a 

powder finely divided with good form-suspension ability after sucrose washing out. The OM was a 

helpful technique for pre-evaluation of the suspensions. For sample with high TPP concentration 

(NP HCl 0.1% - 1.2 TPP), that resulted in large-sized NP (Table 2), the agglomeration was so 

intense that even after the treatment by cryoprotection, the NP did not re-suspended anymore, 

remained precipitated [23]. On the other hand, for HAc at the same condition (NP HAc 0.1% - 1.2 

TPP), after freeze-drying with cryoprotection, the sample exhibit a good re-suspended aspect 

(Figure 3). Based on this, it is possible to affirm that in the presence of a high amount of TPP, the 

interparticle interaction (driven force for agglomeration) is strongest in HCl than in HAc. 
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Figure 3. OM image for sample NP HAc 0.1% - 1.2 TPP after the treatments cryoprotection, lyophilization and re-

suspend in water. 

 

This previous analysis enables us to select only special samples for MEV analysis (Figure 4). 

By comparing such pictures with those took previously (Figure 2), it is clear that the cryogenic 

process preserves the NP structure. From MEV pictures, it seems that the sample NP HCl 0.1% - 

0.6 TPP had a well-defined spherical shape but lost its spherical shape and trend to agglomerate 

when TPP was increased in the sample NP HCl 0.1% - 1.2 TPP (Figures 4a,b). This is an agreement 

with discussed above that, at fixed acid concentration, the increase in the TPP concentrations 

resulted in less effective NP formation. A similar result was found for NP HAc 0.1% - 0.6 TPP and 

NP HAc 0.1% - 1.2 TPP, in which the agglomeration was more intense for high TPP concentrations 

(Figures 4c,d). It has become evident that the pH is fundamental in stabilizing the NP structure once 

samples obtained with low acid concentration and high TPP concentration showed great pH 

variation, large size, high instability by zeta potential and morphological irregularities. Several 

drying techniques, e.g., freeze, spray and spouted bed drying, have been proposed in the literature 

to produce high-quality solid products [24]. However, the freeze-drying with cryoprotection looks 

to maintain better NP characteristics [25]. 
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Figure 4. SEM images for freeze-dried samples previously preserved via cryoprotection treatment with sucrose at 5% 

(w/v) for a) NP HCl 0.1% - 0.6 TPP b); NP HCl 0.1% - 1.2 TPP; c) NP HAc 0.1% - 0.6 TPP and d) NP HAc 0.1% - 1.2 

TPP. 

 

4.3  PROPERTIES OF ENCAPSULATED OF POLYPHENOLS 

The encapsulation process implies a deep change in the NP structure [26]. First, it is observed 

an increase in the NP size. By DLS measurement, the average size was 700 nm. According, by 

SEM analysis, it is found NP size near such values (Figure 5). However, despite the efficiency of 

the cryoprotection in to isolate the NP, some NP agglomerate still present. The increase in the NP 

size was discussed before and can be attributed to the intensity of the interaction between the 

substance and TPP and between the substance and chitosan [5]. Generally, for each kind of 

encapsulated material, a new amount of TPP must be empirically established. Specifically for skin 

grape extract, the encapsulation efficiency was near 70%. This value is also dependent on the 

solubility of the substance [26]. 
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Figure 5. SEM image for freeze-dried NP HAc 0.5% sample encapsulated with skin grape extract and previously 

preserved via cryoprotection treatment with sucrose at 5% (w/v). 

 

The release profile in normalized parameters is very similar for all the studied systems 

(Figure 6). The profiles exhibit an initial burst release, reaching a plateau after 5 hours of liberation 

[5]. In this way, independently of the solvent used to solubilize the chitosan and, also the physical 

state of the isolated NP if a wet or dry sample, the release profile followed a similar behavior. 

 

 

Figure 6. Release profiles for NP encapsulated with skin grape extract for NP HAc 5% wet (■); NP HAc 5% dry (●); 

NP HCl 5% wet (▲) and NP HCl 5% dry (▼) samples in the binary solution 0.6 ethanol : 0.4 phosphate buffer (pH = 

7.4). The data were fit by an exponential decay (y = A1*exp(-x/t1) + y0), resulting the respective R2: 0.54642; 0.99717; 

0.79274 and 0.92584. 

 

On the other hand, the release profile was deeply influenced by the pH medium. The grape 

extract release was greatly more favorable in acid, intermediate in neutral and very little in alkaline 

media (Figure 7). This may be related with to two phenomena a) better solubility of the grape 

extract in acid medium or b) change of conformation of NP structure in acid medium, leaving grape 
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extract less strongly bound to NP structure. Such a result confirms that the solvent physical-

chemistry property plays a fundamental role in the release profile [5]. 

 

 

Figure 7. Release profiles for NP HAc 5% wet encapsulated with skin grape extract in the binary solution 0.6 ethanol : 

0.4 phosphate buffer with different pH as: pH = 3.0 (■); pH = 7.0 (●) and pH = 10.0 (▲). 

 

5   CONCLUSION 

The most relevant factor that affected the chitosan-TPP NP structure was the low 

concentration of acid solution allied with a high concentration of TPP, resulting in high pH 

variation before and after the synthesis, bad re-suspension in water after freeze-dried and formation 

of morphological defects like large agglomeration. HCl can be used indistinctly to synthetize NP 

from chitosan and TPP. The strategy of pre-treatment with cryoprotection solution of sucrose was 

adequate to preserve the NP structure and potentially useful for isolation in large scale, for example. 

All the systems are suitable for encapsulation and release application of skin grape extract. 

However, the substance release is highly favorable in acid medium. 
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