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APRESENTAÇÃO

Temos o prazer de apresentarmos o segundo volume da coleção “A Produção do 
Conhecimento nas Ciências da Saúde”, caracterizado novamente por atividades de 
pesquisa desenvolvidas em diversas regiões do Brasil. 

Congregamos neste volume informações inéditas apresentadas sob forma de 
trabalhos científicos na interface da importância dos estudos a nível de pesquisa 
nutricional.

Com enfoque direcionado avaliações, caracterização, comparação e quantificação 
de novos produtos, substratos e constituintes de fontes alimentares diversas, assim 
como é diverso o contexto alimentar brasileiro. o Acreditamos que os diversos dados 
aqui descritos poderão contribuir com a formação e avanços nos estudos ligados à 
importância da alimentação na saúde do indivíduo.

Devido ao aumento de fontes de informação observamos uma busca cada vez 
maior da população sobre conteúdos ligados à qualidade de vida. A alimentação e 
práticas saudáveis estão entre os termos mais buscados, o que demonstra um 
interesse cada vez maior da população jovem e de terceira idade. Assim, torna-se 
muito relevante informações precisas e fidedignas que estejam relacionadas à melhor 
alimentação.	

Deste modo, dados obtidos nas diversas regiões do país com metodologia de 
pesquisa implementada e característica científica sólida desenvolvidos e publicados 
no formato de leitura acadêmica são relevantes para atualização do conhecimento 
sobre o conceito da alimentação, nutrição e qualidade de vida. 

A multidisciplinaridade integrando cada capítulo forma uma linha de raciocínio 
que permitirá ao leitor ampliar seus conhecimentos e embasar novos conceitos.

Portanto, o conteúdo de todos os volumes é significante não apenas pela teoria 
bem fundamentada aliada à resultados promissores, mas também pela capacidade de 
professores, acadêmicos, pesquisadores, cientistas e da Atena Editora em produzir 
conhecimento em saúde nas condições ainda inconstantes do contexto brasileiro.  
Desejamos que este contexto possa ser transformado a cada dia, e o trabalho aqui 
presente pode ser um agente transformador por gerar conhecimento em uma área 
fundamental do desenvolvimento como a saúde.

Dr. Benedito Rodrigues da Silva Neto
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CHITOSAN/NANOZNO EDIBLE COATINGS: PREPARATION 
AND ACTIVE FOOD PACKING APPLICATION

CAPÍTULO 20
doi

Andrelina Maria Pinheiro Santos
Department of Chemical Engineering, Federal 

University of Pernambuco, Av. Prof. Moraes Rego, 
1235, CEP: 50670-901.

*Email: lia_pinheiro@yahoo.com.br

Alinne Araujo Demetrio
Department of Home Sciences, Rural Federal 

University of Pernambuco. Street Dom Manuel de 
Medeiros s/n, CEP: 52171-9000

Márcia Monteiro dos Santos
Department of Chemical Engineering, Federal 

University of Pernambuco, Av. Prof. Moraes Rego, 
1235, CEP: 50670-901

Enayde de Almeida Melo
Department of Home Sciences, Rural Federal 
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Medeiros s/n, CEP: 52171-9000

ABSTRAC: These studies develop edible 
coatings using as biopolymer chitosan additive 
with nanoZnO and evaluate the effectiveness in 
preserving in guavas. To determinate the best 
conditions were used the fractional factorial 24-1 

experiment design technique. All assays was 
conducted at 22 ± 1.0°C and samples were 
taken at 48 hours to determinations of total 
acidity (TA); soluble solids (SS); SS/TA ratio, pH, 
water activity (aw) and weight loss. The results 
demonstrate the coatings containing chitosan 
pure (0.5%) and chitosan (0.5%) + nanoZnO 
(0.2%) were effective against the onset of rot. A 

new set of assays with chitosan coatings (0.5%) 
and chitosan (0.5%) + nanoZnO (0.2%) was 
conducted with 21 days of storage time. The 
results compared with controls (fruits without 
coating), showed higher levels SS and SS/TA 
ratio, especially fruit coating containing nanoZnO 
and inhibition of microorganism contamination. 
Also demonstrated that nanoZnO prevent 
the ripening of the fruit due the antimicrobial 
activity of nanoZnO. This result suggests the 
potentiality/viability in edible coatings chitosan 
with nanoZnO.
KEYWORDS: nanoZnO, chitosan, edible 
coatings, antimicrobial activity, shelf life, guavas

1 | 	INTRODUCTION

The importance of nanotechnology 
increases in the last decades due the potential this 
technology to alter physicochemical properties 
of materials developed in nanometric scale and 
enabling the development of new innovative 
products in several applications industrial 
(Beumer; Bhattacharya, 2013; Chen; Yada, 
2011). In the food industry, the nanotechnology, 
beyond the technological innovation potential 
(Gruère, 2012; Chaudhry; Castle, 2011; Duncan, 
2011; Frewer et al., 2011), however, studies 
have shown that consumers are skeptical 
about the perception and acceptance of this 
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new technology applied in food industry, but with more positive acceptance in food 
packing (Brown; Fatehi; Kuzma, 2015; Bieberstein et al., 2013; Schnettler et al., 2013). 
It´s important highlight, this behavior is not exclusive for food industry, also occurred 
with others innovative technologies implemented in food production (Verneau et al., 
2014; Schnettler et al., 2013, Rollin; Kennedy; Wills, 2011). The numerous benefits 
of nanotechnology are important this technology this consumers opinion became an 
obstacle to application, but as challenge to stimulate changes in consumer attitudes

Among the various nanoparticulate materials, inorganic oxides, such as titanium 
oxide (TiO2), magnesium oxide (MgO), calcium oxide (CaO) and zinc oxide (ZnO), stand 
out for their antimicrobial property (Sawai, 2003, Rana et al, 2006).  These characteristics 
are especially important when evaluating the feasibility of applying the material in the 
manufacture of food packaging, since during food preservation processes, most employ 
high temperatures and pressures (Katsaros et al., 2009, Kawshik et al, 2013, Scolari 
et al., 2015, Andrés et al., 2016). In this way, nanocomposites become promising to 
be applied in the development of food packaging (Hu et al, 2014, Reddy et al, 2013, 
Duncan, 2011, Arora & Padua, 2010). Among the inorganic oxides mentioned, zinc 
oxide (ZnO) at the nanoscale has received attention due the differentiated properties, 
such as piezoelectric, wide and gap (Eg = 3.37eV), large excitation binding energy 
(60meV), photoluminescence, optical (Petersen et al, 2009; Vafaee & Ghamsari, 
2007, Lo et al., 2006; Aslan et al., 2004), immobilization biomolecules (Zhang et al., 
2004), gas sensing devices (Hsueh & Hsu, 2008), hydrogen sensors (Rout et al, 2006), 
biosensor application (Gopikrishnan et al, 2010, Krishnamoorthy et al, 2006, Choopun 
et al, 2007). However, the antimicrobial property of nanoZnO was reported by several 
authors (Adams et al., 2006; LI et al., 2008; Sawai, 2003; Franklin et al., 2007; Brayner 
et al., 2006).

Studies have been carried out to understand the mechanism of action of this 
compound in the microbial cell. The inhibition of bacterial growth promoted by nanoZnO 
has been pointed out as a result of the photocatalytic generation of hydrogen peroxide, 
besides the disorganization in the membrane of the microorganisms caused by the 
contact and penetration of the nanoparticles (Sawai, 2003, Huang et al., 2010; Brayner 
et al., 2006). Atmarca et al. (1998) suggested that these ions when binding to the 
membranes of the microorganisms can prolong the phase of retardation of the microbial 
growth cycle.

Although zinc oxide (ZnO) is an inorganic compound widely used in everyday 
applications such as food supplement and additive, and is listed as a material 
GRAS (Generally Recognized as Safe), Recognized as safe by a Food and Drug 
Administration (FAO), studies still necessary to understand the mechanism of action 
of this nanocomposite in the human organism (Sahu et al., 2013; Hajipour et al., 2012; 
Lipovsky et al., 2011).

Chitosan, biopolymer derived from renewable natural source has several 
applications. In the area of food is widely used as films and coatings for packaging, 
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due to its antibacterial and antifungal properties that increase the protection of food. 
Has a low barrier property to gases and water vapor (Elsabee; Abdou, 2013). New 
alternatives, such as nanotechnology, can be applied to improve the barrier properties 
of this biopolymer, in addition to being able to bring benefits of cost and efficiency 
(Sorrentino et al., 2007). Thus, the incorporation of the ZnO nanoparticles to the 
chitosan biopolymer has been studied to improve antimicrobial property, as well as 
barrier property (Ducan, 2011). It is noteworthy that the antimicrobial action of nanoZnO 
against bacteria E. coli and S. aureus (Randhawa et al, 2010). Therefore, the objective 
of this work was to develop a coating edible based on chitosan added nanoZnO for 
application in fruits (guavas) evaluating the influence this nanocomposite on ripening 
process, microorganism contamination during the storage time with the aim to increase 
the shelf life maintaining nutritional and sensory quality of the fruit.

2 | 	MATERIAL AND METHODS

2.1	Preparation of coating

The coating was prepared according the conditions in Table 1. The study was 
conducted in two steps. The first step (10 days) applying the experimental design to 
select the best conditions of edible coating. The second step, 21 days of storage, 
was employ the best conditions defined in the first step. Chitosan (SIGMA-ALDRICH 
Chemistry) was dissolved in acetic acid solution (0.5% v/v) at 50° C, and under 
agitation on magnetic stirrer (TECNAL). Under agitation, when formed a filmogenic 
and homogeneous solution, the nanoZnO, a white powder with a textured surface 
and particle size < 140nm, was synthesized in the Laboratory of Devices and 
Nanostructures (LDN/UFPE), was added in the filmogenic solution. The mixture was 
stopped after the complete dispersion of nanoZnO powder in chitosan gel.

Assay
Immersion

time (min)

Immersion

temperature (oC)

Concentration

nanoZnO (%)

Concentration of

chitosan (%)

01 2.0 30.0 0.0 0.5

02 5.0 30.0 0.0 1.5

03 2.0 40.0 0.0 1.5

04 5.0 40.0 0.0 0.5

05 2.0 30.0 0.2 1.5

06 5.0 30.0 0.2 0.5

07 2.0 40.0 0.2 0.5

08 5.0 40.0 0.2 1.5

09 3.5 35.0 01 1.0

10 3.5 35.0 0.1 1.0

11 3.5 35.0 0.1 1.0



A Produção do Conhecimento nas Ciências da Saúde 2 Capítulo 20 171

Table 1. Fractional Factorial experimental design (24-1).

2.2	Coating guavas

Guavas (300 units) at the stage of ripening green and semi-ripening were 
purchase fruit commerce (CEASA/PE), using as criterion selection: color the fruit of 
dark green up to light green were selected with to standardize to homogeneity the 
fruits by size, degree of ripeness and physical integrity. After selection, the fruits were 
washed water, sanitized in the hypochlorite solution 2% for 15 min and dry at 22oC. 
The immersion process was carried out dipping the guavas into the gel of chitosan/
nanoZnO in accordance with the conditions defined by experimental design item 2.1. 
All samples were kept in a room with temperature control (22° C ± 1.0). Every 48 hours 
samples were taken to analyze titratable acidity (TA), soluble solids (SS), pH and water 
activity (aw) according the AOAC methodology (2002). In addition, it was also verified 
the presence/absence of rot, internal and external color of the guavas and loss of mass.

2.3	Statistical treatment

The experiments were conducted in triplicate and expressed as mean and Duncan 
and t-test, with significance at p< 0.05, using the statistical program Statsoft-v5.

3 | 	RESULTADOS E DISCUSSÃO

3.1	Edible Coating Experimental Design – Visual Aspects

The visual aspects of guavas related to color (external and internal) and the 
presence of rot in fruit observed during 10 days of storage (Table 02). The coatings 
with and without nanoZnO did not inhibit the ripening of guavas. Another point, the 
time and temperature of immersion influenced to improve the efficiency of the coating 
with a coating more homogenous coating. When compare the fruits with coating and 
control sample (without coating) in 5 days the control presented a high degree of rot. 
The best results were achieved with runs 04 and 07 (Table 2). This result demonstrated 
the influence of nanoZnO as active agent in edible coatings is increase because the 
antimicrobial property of nanoZnO. This antimicrobial activity was observed to Hajipour 
et al, 2012. And when added to biopolymers, as acid alginic and starch (wheat et al., 
2012), chitosan (Zhao et al., 2013), gelatin in the development films to apply in the 
fabrication food packing, the nanoZnO, oxide metal, could be improve active function 
and barrier and mechanical properties. These authors verified a significant gain shelf life 
and maintaining the nutritional value, approximately 50%, depending of the formulation 
of the coating and fruit.
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Variables 10 days

Assay Immersion 
Time(min) Immersion T°C nanoZnO (g

nanoZnO
/

g
chitosan

)
Conc. chi-

tosan
Color Rot

External Internal

Control - - - - DG R P

01 2.0 30 0.0 0.5 DG DR P

02 5.0 30 0.0 1.5 DG R P

03 2.0 40 0.0 1.5 YG LP A

04 5.0 40 0.0 0.5 DG LP A

05 2.0 30 0.2 1.5 YG/DG R A

06 5.0 30 0.2 0.5 YG/DG LP A

07 2.0 40 0.2 0.5 DG P/LP A

08 5.0 40 0.2 1.5 DG LP A

09 3.5 35 0.1 1.0 YG LP A

10 3.5 35 0.1 1.0 YG/DG LP A

11 3.5 35 0.1 1.0 YG/DG LP A

Table 2. Effect of edible films encapsulated with nanoZnO on color and guava rot after ten days 
of storage at room temperature as a function of control.

3.2	Stability of guavas with coating

The stability was evaluated with run 04 and 07 and storage time of 20 days. 
Results weight of loss (Figure 1), titratable acidity (TA) (Figure 2A), soluble solids 
(SS) (Figure 2B3), TA/SS ratio (Figure 2C). The weight of loss of guavas coated with 
Chitosan with or without nanoZnO, after 21 days of storage, was 32.34% (E4) and 
23.13% (E7) the percentage of weight of loss increase with nanoZnO add the chitosan 
coating. In this work was verify that during 20 days of storage the mass loss of control 
guava was more 70%, in the guavas with only chitosan coatings around 50%, and 
chitosan/nanoZnO coating (Figure 1) less 40% (Figure 1). May assume the presence 
of nanoZnO provides a protective effect to guava reducing weight of loss. Jiang and 
Li (2001) verified a reduce weight of loss of logan fruits using coating chitosan with 
different percentages of Chitosan (0.5%, 1% and 2%) and stored refrigerated (2° C) 
with moisture of 90%. The effects of coatings and storage temperatures on postharvest 
preservation of guavas Pedro-Santo (Oshiro et al., 2012) coated with chitosan (1 and 
3%, m/v) and gelatin (3%, m/v) or packaged in PVC film 17μm, stored for 28 days 
at 5° C and 10° C, with 80 ± 5% RH. The weight of weight of loss increase 25% 
when compare with control fruits, however, the same authors showed that when using 
packing with PVC verify a smallest weight of loss.
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Figure 1. Weight loss the guavas. E7 (0.5% chitosan and 0.2% nanoZnO) and E4 (0.5% 
chitosan and 0% nanoZnO) fruits and their respective controls (uncoated fruit) (A), soluble solids 

(SS) (B), pH (C) and water activity (Aw) (D) by storage time.

Titratable acidity during the ripening fruits the decrease (TA), the value of soluble 
solids shows an increase (SS), with consequent increase of the SS/AT ratio. It is 
important to observe the treatment of the coating with or without nanZnO did not inhibit 
the ripening of the fruit an effective antimicrobial agent and the coating decelerating the 
respiration of the fruit, allowing the increase of the shelf life. The results indicating that 
there is a viability of application of the nanoZnO as additive for food packing (film or 
coating). However, even the nanoZnO is a recognized as safe (GRAS) and approved 
by the FAO for industrial use, it is important to note that a material at nanoscale features 
differentiated properties when compared with micro or macro scale. In this way, it is 
necessary more systematic studies to evaluate the mechanisms of action of nanoZnO 
for future industrial applications. For industrial application of the nanocomposite it is 
important to meet certain requirements, such as security, nontoxicity, ease of application/
handling, and low cost.
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Figure 2. Physico-chemical characterization of E7 (0.5% chitosan and 0.2% nanoZnO) and 
E4 (0.5% chitosan and 0% nanoZnO) guavas and their respective controls (uncoated fruit). 

Titratable acidity (A), soluble solids (SS) (B), pH (C) and water activity (Aw) (D) by storage time
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Figure 3. The physical-chemical characterization of fruits from the E7 assay (0.5% chitosan 
and 0.2% nanoZnO) and the E4 assay (0.5% chitosan and 0% nanoZnO) and their respective 

controls SS / AT ratio by storage time.
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5 | 	CONCLUSION

Chitosan-based coatings add with nanoZnO shown effective antimicrobial activity, 
effective antimicrobial action in delaying the degradation of guavas, fruit selected in this 
research. The nanoZnO did not inhibit the ripening of the guava, only decelerated, 
probably by increasing the barrier in relation to the oxygen. A systematic study becomes 
necessary to evaluate the mechanism of action of this nanocomposite in the organism 
to comprehend the migration mechanism of nanoZnO. In addition, it verifies that 
nanoZnO is a compound with good perspectives of use as active agent in food packing.
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