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ABSTRACT 

Biopacking material was obtained by incorporating tangerine peel extract (Citrus reticulata) in cellulose 

acetate (CA) film. The acetate film with tangerine extract was shown to have a homogeneous material 

characteristic by FTIR and DSC analysis, being reinforced in MEV and MFA, and showed absence of 

pores in the film with extract. These characteristics justify the reduced water absorption and release of 

the CA membrane extract. Low water absorption is important for the film to act as a barrier with 

external environment and the release of the extract was sufficient to prevent the growth of the strains 

investigated on the sample surface. The introduction of the extract also reduced the tensile strength 

and deformation of the film. This study showed the good potential of biomass for active bio packing 

that can gradually replace non-renewable packaging and take advantage of agricultural waste. 
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 1 INTRODUCTION 

The use of renewable materials for industrial applications is increasing due to 

the demand for alternatives for non-renewable and environmentally friendly supplies. 

The use of biomass in the development of packaging technologies, known as bio 

packages, is especially attractive due to the abundance of raw material origin, for 

being renewable, due to mechanical properties and with nano-dimensions that open 

a wide range of possible properties to be exploited (Dannenberg et al. 2017; Brinchi et 

al., 2013; Gontard; Guilbert, 1994). 

The Citrus genre is one of the most important in the Rutaceae family because of 

its fruits, which are estimated primarily for food (Waheed et al. 2009; Rafiq et al. 2018). 

 The Rutaceae family is comprised of about 150 genres, 1600 species, distributed in 

tropical and subtropical regions around the world, being more abundant in Tropical 

America, South Africa and Australia. 

In Brazil, the family is represented by approximately 29 genera and 182 species, 

with some of medicinal, ecological and economic importance (Melo; Zickel, 2004). 

According to the United States Department of Agriculture (USDA), Brazil was the 

largest producer in the 2018/2019 harvest, and accounts for more than three quarters 

of global orange juice exports. Global tangerine production for 2018/2019 was a 

record of 32.0 million, with larger harvests in China and the European Union (CEPEA, 

2017; USDA, 2019). 

Worldwide, citrus plants such as orange, lemon and tangerine are widely 

consumed by the population, being fruits rich in vitamin C, dietary fibers, carotenoids 

and flavonoids, thus having a high antioxidant potential (Rafiq et al. 2018; Duzzioni et 

al. 2010). The medicinal and nutritional properties of tangerine (Citrus reticulata) have 

been known since antiquity, generating several studies on the use of its resources 

(Rafiq et al. 2018; Al-Rejaie et al. 2013; Wilcox et al. 1999). 

The peel of Citrus reticulata has also been studied in some animal models, 

showing antiangiogenic activity by increasing the expression of vascular endothelial 

growth factor, inhibiting the formation of blood vessels and increasing bone 
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 density (Adelina et al. 2008; Chrisnanto et al., 2008). The peel had a higher content of 

flavonoids such as hesperidin, narirutin, nobiletine and tangeretine (Nogata et al. 

2006; Bermejo et al. 2011) and greater amount of nutrients compared to other Citrus, 

including calcium, magnesium, carotenoids, dietary fibers and total polyphenols 

(Rincón et al. 2005). Despite these findings, no study has evaluated the release of 

active ingredients of cellulose acetate membrane with extract produced from Citrus 

reticulata tangerine peels for antibacterial action. 

According to the above, the peel of the mandarin (Citrus reticulata) has different 

biological activities, and is a biomass still underutilized, being a plant grown in 

different parts of the world. On the daily use of this citrus, the fruit is used by 

discarding its peel, which in turn contains high amounts of compounds beneficial to 

health. 

Fruit peels when thought of as residues can represent loss of biomass and 

nutrients. On an industrial scale, they can also increase the polluting potential of soil 

and water bodies when associated with inadequate disposal, still leading to the 

spread of rodents and other vectors that may cause public health problems. On the 

other hand, costs associated with the treatment, transport and final disposal of waste 

generated have a direct effect on the price of the final product (Egea et al., 2005; 

Blades et al., 2017). Special attention has been focused on minimizing or reusing 

waste from agribusiness (biomass), and establishing new uses for agricultural 

products. 

In particular biopackages have a passive action in relation to food, merely 

acting as a barrier between it and the external environment. However, the 

incorporation of active substances can promote desirable interactions with food, such 

as antimicrobial activity (Hafsa et al., 2016; Calo et al., 2015). 

Active packaging, increases microbiological safety (Rizzolo et al., 2016), and 

allows producers to reduce the use of synthetic additives added directly to food 

(Moradi et al., 2016). As a result, with the aim of exploring all the resources available 

by a plant and reducing the amount of waste generated by the agro-industry, 

cellulose acetate membranes were prepared with and without Citrus reticulata peel 
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 extract in order to assess mechanical properties, absorption of water, extract release 

and antimicrobial activity, and these too were characterized by infrared and 

differential scanning calorimetry. 

  

2 MATERIALS AND METHODS 

The cellulose acetate reagent (AC Mn-900 gmol-1) was obtained from Sigma-

Aldrich Chemicals Co. (St. Louis, USA) and the acetone from Vetec SA (Rio de Janeiro, 

Brazil), the reagents were used as purchased. The peel was removed from ripe fruits 

harvested in June 2015, in the city of Araranguá-SC. The tangerine species was 

botanically identified as being from the Rutaceae Family, common name Ponkan, and 

scientific name Citrus reticulata. An exsiccata of the same was deposited in the 

Herbarium Laelia purpurata under Voucher number: SRS 0050047. 

To prepare the tangerine extract, the peels were collected the day after the 10 

kg tangerine harvest. The peels were dried at 40 °C in an oven for 24 h (Figure 1A). The 

dry peels were grinded and classified by granulometry using 400 mm sieves. The bark 

powder (Figure 1B) was stored in a dry and sealed plastic bag. Figure 1 shows the dry 

peels (A), powder of the peels (B) and (C) the hydroalcoholic extract of the tangerine 

peels. 

  

Figure 1 - (A) Tangerine peel, (B) powder after drying and grinding and (C) the 

hydroalcoholic extract of the tangerine peels. 

 
  

A fraction of 100 g of tangerine peel powder was added in 1000 mL of absolute 

ethanol, subjected to constant stirring (about 120 rpm) for 24 h. The resulting 

suspension was vacuum filtered and the ethanol removed in the rotary evaporator at 
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 a maximum temperature of 40 °C. The concentrated extract was stored in a closed 

container, at room temperature (Figure 1C). 

2.1 Preparation of membranes and microstructure 

In a beaker, 1 g of cellulose acetate was added in 10 ml of acetone stirring until 

complete solubility at 25 °C. The making of membranes with extract included the 

addition of 100 mg of the tangerine extract. The solution was poured into a petri dish 

and the solvent evaporated at room temperature (25 °C) until the membrane formed 

(Meier al., 2004). The membrane was weighed to constant weight, then the final 

thickness of the membranes was checked, being 0.17±0.005 mm for membranes with 

or without tangerine extract. 

The micrographs of the membranes were obtained by scanning electron 

microscopy (SEM), using a JEOL JSM-6390LV device, with a voltage of 15 kV, and the 

samples were fractured in liquid nitrogen. The three-dimensional images were 

obtained by atomic force microscopy (AFM), using an Atomic Force Microscopy (AFM) 

equipment, Agilent Technologies 5500 equipment. Samples cut into 2 cm x 2 cm 

squares and kept under pressure with clips, the measurements were performed at 

room temperature, in non-contact mode. High-resolution probes SSS-NCL 

(Nanosensors, force constant = 48 N/m, resance frequency = 154 kHz). Images 

captured by PicoView 1.14.4 software and analyzed by PicoImage 5.1 (both from 

Molecular Imaging Corporation). 

2.2 Differential scanning calorimetry 

The DSC curves of tangerine extract, PCLT and PCLT/extract were obtained 

using a differential scanning calorimeter (DSC 50, Shimadzu) by heating the samples 

from 25 °C to 200 °C at a rate of 10 °Cmin-1, after a first run from 20 to 120 °C to 

destroy the thermal history. The average sample size was 10 mg and the nitrogen flow 

rate was 50 cm3min-1. Standard calibration (156.6 °C) and zinc (419.5 °C) were used for 

calibration. 
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2.3 Infrared spectroscopy 

FTIR spectra were performed on a Bruker infrared spectrometer, Alpha model, 

using direct analysis of the thin film of tangerine extract, PCLT and PCLT/extract on 

ZnSe cell. The scan occurred within 400–4000 cm-1 wavelength range. 

2.4 Mechanic Properties 

The mechanical tests were performed on EMIC® equipment of a universal 

testing machine using two claws (one stationary and the other mobile) operating at a 

speed of 25 mmmin−1 and equipped with a load cell with a capacity of 100N. Strips of 

membrane film (50 mm long, 10 mm wide and thickness range from 0.100 to 0.120 

mm) were used to determine final strength and elongation at break. The eight 

specimens of each sample were conditioned at 25 °C, the graphs were generated 

from the average of the data collected. 

2.5 Water Absorption 

Six samples from each membrane remained in the oven at 50 °C for 24 hours. 

Then, the samples were immersed in a static distilled water bath at a temperature of 

25 °C for 24 h. After that, they were dried with paper towels and weighed. Water 

absorption was calculated using the equation: Water absorption (%) = (Wet x 100)/Dry 

(D 570-98). 

2.6 Zeta Potential 

Zeta potential measurements were performed with the SurPASS ™ 3 instrument 

using the adjustable opening cell. For each measurement, a pair of dry membranes 

was attached to the sample holders (with a 20 mm x 10 mm cross section) using face 

adhesive tape. The sample holders were inserted into the adjustable opening cell in 

such a way that the membrane surfaces were facing each other. A range of approx. 

100 µm was adjusted between the sample surfaces. A 0.001 molL-1 aqueous KCl 

solution was used for the analysis of the zeta potential. The pH was adjusted 

automatically by the integrated titration unit using 0.05 molL-1 of HCl and 0.05 mol L-

1 of NaOH, respectively. 
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2.7 Extract release 

Each membrane was cut into pieces and shaken in a Becker containing a 

solution of 5 ml of ethanol, to 995 ml of distilled water. The tests were performed in 

triplicate, and the aliquots were removed every 15 min. Since a calibration curve was 

drawn for the tangerine extract solution using the same solvents. The absorbance 

readings were performed at a wavelength of 211 nm on the UV-Vis U-2001 

spectrophotometer (Hitachi). 

2.8 Antimicrobian Activity 

Antimicrobial activity was tested using the agar diffusion sensitivity method. 

Gram positive (Staphylococcus aureus ATCC 25923) and Gram negative 

(Pseudomonas aeruginosa ATCC 0027) strains inoculated in Petri dishes containing 

Müeller Hinton agar were used. The concentration of microorganisms was 

standardized through the turbidity of the suspensions in a UV-Vis spectrophotometer 

LGS 53 (Bel Engineering) at 625 nm with absorbance between 0.08 to 0.13 

corresponding to 1 x 108 to 2 x 108 UFC.mL-1. First, 100 µL of the microbial 

suspension was spreaded using a swab over the surface of the culture medium. Then, 

the membranes were cut in circles and were deposited in the culture medium 

containing the microorganisms. In addition, 50 mL of the extract was also analyzed. 

The plates were incubated in an oven at 35±2 °C for 24 h. 

  

3 RESULTS AND DISCUSSION 

Figure 2 shows the prepared membranes and corresponding scanning electron 

microscopy with a magnification of 10,000 times, Figure 2A membrane without adding 

the extract and Figure 2B with added mandarin extract (Citrus reticulata). 
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 Figure 2 - Cellulose acetate membranes without extract (A) and with tangerine extract 

(B), and respective SEM with 10,000 times magnification 

 

  

The membranes obtained from cellulose acetate with tangerine extract were 

translucent (Figure 2B), being indicative of a homogeneous mixture between the 

polymer and the extract and also a characteristic of the amorphous microstructure of 

cellulose acetate similar to that seen for pure polymer (Figure 2A) (Meier al., 2004; 

Kanis et al., 2014). 

The SEM images showed that the membranes have a different surface, that is, 

the addition of the extract modified the morphology of the membrane. However, the 

two membranes are regular and dense, and the membrane without extract is woven 

while the membrane with extract showed smooth morphology in the SEM, without 

the presence of pores or wefts. In the three-dimensional images in Figure 3, made by 

AFM, it is confirmed that the two materials do not have pores. 

  



Magnago, R. F. et al. 9 

 

Ci. e Nat., Santa Maria, v. 42, e5, p. 1-19, 2020 

    

 Figure 3 - AFM of cellulose acetate membranes with an area of 100μm² (A), 4μm² (A1) 

and an extract membrane with cellulose acetate with an area of 100μm² (B) and 4μm² 

(B1) 

 

  

The topography of the cellulose acetate membrane with extract (Figure 3B, 3B1) 

is more pronounced than that of the membrane without extract (Figure 3A, 3A1), both 

are rough, but closed and with low pore incidence. There are two surfaces with 

different roughness, probably due to the tangerine extract having a variety of low 

molecular weight substances, which interact specifically with cellulose acetate 

polymer filling the free spaces in the woven microstructure, resulting in a different 

topography. 

To evaluate the thermal stability of the tangerine extract (Citrus reticulata), 

cellulose acetate membrane and cellulose acetate membrane with extract, differential 

scanning calorimetry analysis was performed. Figure 4 shows that the DSC curves 

obtained from pure components, cellulose acetate and tangerine extract, and from 

the cellulose acetate membrane with tangerine extract. 
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 Figure 4 - DSC curve of extract (A), cellulose acetate (B) and extract with cellulose 

acetate (C) 

 

  

The DSC curve of the tangerine extract (Figure 4, curve A) exhibits three thermal 

events. The first between 64 and 91 °C showing an endothermic peak at 72 °C, 

probably referring to the loss of water in the sample and evaporation of low 

molecular weight organic compounds. The second region with an endothermic peak 

was between 117 and 121 °C related to the evaporation of other organic compounds 

present in the extract. And the third region was between 135 and 185 °C indicating 

the degradation of the organic compounds present in the extract (Kanis et al., 2014; 

Vieira et al., 2012). 

Figure 4 (curve B) shows the cellulose acetate thermogram, which revealed two 

endothermic transitions, the first being a wide region with a peak at 78 °C, typical of 

water interaction with the polymer. The second transition, an acute endothermic peak 

in the range of 206 and 223 °C, which corresponded to the melting temperature of the 

crystalline region (Taniguchi; Horigome, 1975; Barud et al., 2008). 

The cellulose extract/acetate DSC curve (Figure 4C) showed two broad 

endothermic peaks, little pronounced, with values around 185 and 211 °C. Therefore, 

it is possible that an interaction between the mandarin extract (Citrus reticulata) and 

cellulose acetate has occurred, since the disappearance of the melting peak of a pure 

substance in a mixture or the reduction of the melting temperature suggests an 

interaction or the dissolution of the substance in the medium (Costa et al., 2013; 

Fernandes et al. 2013). Intramolecular polymer-extract interactions can restrict the 
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 mobility of the polymeric chain and prevent nucleation, preventing micro-

crystallization. 

FTIR analyzes were performed to detect the presence of polymer-extract 

interaction. The FTIR spectra of the components, tangerine extract and cellulose 

acetate, and of the cellulose acetate membrane with tangerine extract are shown in 

Figure 5. 

  

Figure 5 - FTIR spectrum of the mandarin extract (A), cellulose acetate (B) and the 

cellulose acetate membrane with extract (C). 

 

  

Figure 5 (spectrum A) shows the FTIR spectrum of the extract obtained from 

tangerine peel showed a broad band at 3480 cm-1 related to the hydroxyls hydrogen 

bond. The 2960 cm-1
 and 2850 cm-1 bands (CH stretch of the CH2 and CH3 groups), 

1750 cm-1
 and 1740 cm-1 intense band of the carbonyl group deformation 

vibration. The absorbance values at the wavelengths 1625 cm-1, 1580 cm-1, 1500 cm-

1 vibrations of aromatic nuclei, and the 1250 cm-1 and 1050 cm-1
 vibrations of the C-O 

stretch (ether and esters). 

The cellulose acetate spectrum (Figure 5, spectrum B) showed a broad band at 

3477 cm-1 related to the intramolecular hydrogen bonds of the hydroxyl groups (OH 

stretch). The bands 2943 cm-1
 and 2868 cm-1 (CH stretch of the CH2 and CH3 groups), 

1733 cm-1 intense band of the deformation vibration of the carbonyl group of the 

esters (C=O stretch of the ester). The bands 1215 cm-1 and 1028 cm-1 correspond to 

the C-O stretch (ester and ether). Both cellulose acetate and mandarin extract, due to 
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 the presence of groups with CO and OH bonds, can form hydrogen bonds (Meier et 

al., 2004; Barud et al., 2008; Schmidt; Soldi, 2006). 

The cellulose acetate membrane with tangerine extract (10: 1), in Figure 5 

(spectrum C), presented a 3447 cm-1 band characteristic of hydroxyls with hydrogen 

bonding of the components. Due to the formation of a hydrogen bond between 

cellulose acetate and extract, it provided a shift in the wavelength value, from 3477 

cm-1 of cellulose acetate to 3447 cm-1 in the membrane with extract and cellulose 

acetate. This and the transparency of the cellulose acetate membrane and tangerine 

extract are indicative of miscibility. These bands can also be attributed to the water 

contained in the extract, as the drying temperature of the shells and evaporation of 

the solvent was 40 °C. The bands at 2926 cm-1 (aliphatic C-H), 1750 cm-1 intense band 

of the carbonyl group deformation vibration. 1633 cm-1 aromatic vibration, which 

must be from the flavonoids present in the tangerine extract. Thus, it is suggested 

that polymer and extract are miscible, since the FTIR spectrum of cellulose acetate 

with extract showed considerable differences when compared to the pure 

components, changes in the band intensity of the OH group were observed. 

The application of biomass in bio packages also depends on mechanical 

properties, as the material must withstand transport, handling and storage. Figure 6 

shows the stress-strain curves obtained from mechanical tensile strength analysis of 

membranes at room temperature. 

  

Figure 6 - Elastic stress versus stretching for cellulose acetate (A) and extract with 

cellulose acetate (B). 
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 The results revealed that the introduction of tangerine extract in the cellulose 

acetate membrane reduces the elongation at break by about 40% (Figure 6), with an 

elongation of 327.5% for the cellulose acetate membrane while for the film with 

extract was 288.4%. It was also observed a reduction of 24% in the maximum stress 

supported by the cellulose acetate film with tangerine extract, being 29.69 MPa while 

the film without extract showed a mechanical resistance of 39.30 MPa (Figure 6). The 

results were similar for the elasticity modules, with 9.78 MPa for the extract film and 

9.17 MPa for pure cellulose acetate film. The extract probably has a variety of low 

molecular weight substances, which interact with cellulose acetate, reducing 

intramolecular bonds (polymer-polymer), thereby reducing the elongation capacity 

and the mechanical resistance of the membrane prepared with extract. 

The cellulose acetate membrane with tangerine extract showed water 

absorption slightly higher than the membrane without extract, with an average of 

10.52±0.01% of water absorption for membranes without extract and 12.23±0.01% 

absorption for membranes with extract when in contact with water for 24 h. The 

greater water absorption capacity of the membrane with tangerine extract is 

attributed to the possibility of the components of formation of hydrogen bonds with 

water. For applications such as bio packages, low water absorption is desired so that 

the film remains intact to act as a barrier between the packaged product (food or not) 

and the external environment (Hafsa et al., 2016; Calo et al., 2015). 

Results on the evolution of the zeta potential of the membranes, as a function 

of the pH of the solution used in the analysis, can be seen in Figure 7. 
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 Figure 7 - Zeta potential of cellulose acetate membranes, depending on the pH of the 

aqueous KCl solution at 0.001 mol/l 

 

  

In Figure 7, the result shows that the zeta potential measured on the surfaces, 

depending on the pH of the solution, is different for the studied membranes. The 

cellulose acetate membrane showed a potential variation between 0 to -20mV, while 

the membrane containing the tangerine extract showed a potential variation between 

10 to -60mV, when the pH of the solution varies from 2.7 to 8. It can also be seen that 

on the cellulose acetate membrane, an isoelectric point (IEP) of 2.7 was found, while 

the IEP of the cellulose acetate membrane with extract was 3.4. Therefore, an effect of 

the plant extract on the zeta potential of the membrane surface is observed, 

indicating that the presence of the plant extract makes the material more stable and 

increases the hydrophobicity of the membrane. 

The average of the absorbances detected from the cellulose acetate film 

samples with tangerine extract was performed over a period of 10 days. The behavior 

of the cellulose acetate membrane extract release behavior can be observed in Figure 

8, in the abscissas is the time variation in minutes and on the ordinate axis, the 

absorbance measured. 
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 Figure 8 - Release curve of the mandarin extract from the cellulose acetate membrane 

with extract in a solution of 5 mL of ethanol and 995 mL of water 

 

  

As shown in Figure 8, the release test shows that the release rate of tangerine 

extract from the cellulose acetate film was intense in the initial phase, probably due to 

the solubilization of the film surface extract. After that, the extract present inside the 

film was retained, leading to a decrease in the release rate, and release of the 

membrane extract was limited to 0.011% in 8 h. The release of the extract was 

possibly reduced due to the structural characteristic of the cellulose acetate film, as 

observed in the SEM, it did not present pores, making it difficult for the solvent to 

access the extract, thus with greater resistance to mass transfer from the matrix to 

the solvent, in due to less solvent access to the extract (Azuma et al., 2013). 

Samples of tangerine extract and cellulose acetate film with extract were tested 

for antimicrobial activity, the tests are in Figure 9. 

  

Figure 9 - Antimicrobial activity of the mandarin extract and the cellulose acetate 

membrane with extract using the agar diffusion sensitivity method. On the left with 

Gram positive strains (SA, Staphylococcus aureus ATCC 25923) and on the right with 

Gram negative strains (PA, Pseudomonas aeruginosa ATCC 0027) 

 

  

Although the extract showed antimicrobial activity with an inhibition zone of 

1.8±0.1 cm for Staphylococcus aureus and 0.9±0.2 cm for Pseudomonas aeruginosa, 

the membrane did not present antimicrobial activity against the tested 
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 microorganisms, but there was also no growth of strains on the samples surface. This 

result suggests a possible application in bio packing technology, for example for 

medicines and food, maintaining the quality and shelf life. 

  

4 CONCLUSION 

Bio packing material was obtained by incorporating tangerine peel extract into 

cellulose acetate film, which showed to be a homogeneous material characteristic by 

FTIR, DSC, SEM and MFA analysis and does not exhibit pores. These characteristics 

justify the reduced water absorption and release of the CA membrane extract. 

Low water absorption is important for the film to act as a barrier with external 

medium and the release of the extract was sufficient to prevent growth on the sample 

surface of the strains investigated. The presence of the extract reduced the tensile 

strength and the deformation of the film. Although the extract showed antimicrobial 

activity for the microorganisms Staphylococcus aureus and Pseudomonas aeruginosa, 

the membrane did not show antimicrobial activity, but there was also no 

microbiological growth on the material surface. In this way, a method for reusing 

agricultural waste was presented, with the use of citrus residues presenting the 

potential of bio packing technology, increasing profitability, exploring more effectively 

the planting of this fruit and minimizing environmental stress. 

For future research, aiming at applications in packaging technology, studies on 

high temperature volatility and flavor for food applications should be considered. 

  

ACKNOWLEDGMENT 

The work was awarded a scholarship by the Program of the University of the South of 

Santa Catarina for Scientific Initiation (PUIC) and collaboration by the company Anton 

Paar Brasil Ltda. 

  

  



Magnago, R. F. et al. 17 

 

Ci. e Nat., Santa Maria, v. 42, e5, p. 1-19, 2020 

    

 REFERENCES 

ADELINA R, SUPRIYATI MD, NAWANGSARI DA, JENIE RI, MEIYANTO E. Citrus reticulata's Peels 

Modulate Blood Cholesterol Profile and Increase Bone Density of Ovariectomized Rats. IJ 

Biotech. 2008;13(2): 1092-1097. 

AL-REJAIE SS, ABUOHASHISH HM, AL-ENAZI MM, AL-ASSAF AH, PARMAR MY, AHMED 

MM. Protective effect of naringenin on acetic acid-induced ulcerative colitis in 

rats. WJG. 2013;19(34):5633-44. 

AZUMA T, SHIGESHIRO M, KODAMA M, TANABE S, SUZUKI T. Supplemental naringenin 

prevents intestinal barrier defects and inflammation in colitic mice. J Nutr. 2013;143(6):827-

834. 

BARUD HS, ARAÚJO JR AM, SANTOS DB, ASSUNÇÃO RM, MEIRELES CS, CERQUEIRA DA, RIBEIRO 

SJ. Thermal behavior of cellulose acetate produced from homogeneous acetylation of 

bacterial cellulose. Thermochim Acta. 2008;471(1-2):61-69. 

BERMEJO A, LLOSÁ MJ, CANO A. Analysis of bioactive compounds in seven citrus 

cultivars. Food Sci Technol Int. 2011;17(1):55-62. 

BLADES L, MORGAN K, DOUGLAS R, GLOVER S, ROSA M, CROMIE T, SMYTH B. Circular biogas-

based economy in a rural agricultural setting. Energy Procedia. 2017;123:89-96. 

BRINCHI L, COTANA F, FORTUNATI E, KENNY JM. Production of nanocrystalline cellulose from 

lignocellulosic biomass: technology and applications. Carbohyd Polym. 2013;94(1):154-169. 

CALO JR, CRANDALL PG, O'BRYAN CA, RICKE SC. Essential oils as antimicrobials in food 

systems–A review. Food Control. 2015;54:111-119. 

Centro de Estudos Avançados em Economia Aplicada (CEPEA), 2017; [cited 2020 feb 02]. 

Available from: http://www.hfBrazil.org.br/br/citros-cepea-estoques-finais-de-17-18-sao-

estimados-em-207-mil-toneladas.aspx 

CHRISNANTO E, ADELINA R, PUTRI DPP, SAHID MNA, SETYANINGTIAS D, JENIE RI, MEIYANTO 

E. Antiangiogenic effect of ethanol extract of Citrus reticulata peel in the Chorio Allantoic 

Membrane (CAM) induced by bFGF. The International Symphosium on Molecular Targeted 

Theraphy. 2008. 

COSTA RS, NEGRÃO CAB, CAMELO SRP, RIBEIRO-COSTA RM, BARBOSA WLR, COSTA CEF, SILVA 

JR JOC. Investigation of thermal behavior of Heliotropiumindicum L. lyophilized extract by TG 

and DSC. J Therm Anal Calorim. 2013;111(3):1959-1964. 

DANNENBERG GS, FUNCK GD, CRUXEN CES, MARQUES JL, SILVA WP, FIORENTINI M. Essential 

oil from pink pepper as an antimicrobial component in cellulose acetate film: Potential for 

application as active packaging for sliced cheese. LWT-Food Sci. Technol. 2017;81:314-318. 

DUZZIONI AG, FRANCO AG, DUZZIONI M, SYLOS CM. Determinação da atividade antioxidante 

e de constituintes bioativos em frutas cítricas. Braz. J. Food Technol. 2010;21(4):643-649. 



Antimicrobial activity and cellulose…                                                  18 

 

Ci. e Nat., Santa Maria, v. 42, e5, p. 1-19, 2020 

    

 EGEA FJ, TORRENTE RG, AGUILAR A. An efficient agro-industrial complex in Almería (Spain): 

Towards an integrated and sustainable bioeconomy model. New Biotechnol. 2018;40:103-112. 

FERNANDES FH, SANTANA CP, SANTOS RL, CORREIA LP, CONCEIÇÃO MM, MACÊDO RO, 

MEDEIROS ACD. Thermal characterization of dried extract of medicinal plant by DSC and 

analytical techniques. J Therm Anal Calorim. 2013;113(2):443-447. 

GONTARD N, GUILBERT S. Bio-packaging: technology and properties of edible and/or 

biodegradable material of agricultural origin. Food packaging and preservation. 1st 

ed. Springer, 1994. 

HAFSA J, SMACH MA, KHEDHER MRB, CHARFEDDINE B, LIMEM K, MAJDOUB H, ROUATBI S. 

Physical, antioxidant and antimicrobial properties of chitosan films containing Eucalyptus 

globulus essential oil. LWT-Food Sci Technol. 2016;68:356-364. 

KANIS LA, MARQUES EL, ZEPON KM, PEREIRA JR, PAMATO S, OLIVEIRA MT, DANIELSKI 

LG, PETRONILHO FC. Cellulose acetate butyrate/poly (caprolactonetriol) blends: Miscibility, 

mechanical properties, and in vivo inflammatory response. J Biomater Appl. 2014;29(5):654-

661. 

MEIER MA, KANIS LA, LIMA JC, PIRES ATN,  SOLD V. Poly(caprolactone triol) as plasticizer agent 

for cellulose acetate films: influence of the preparation procedure and plasticizer content on 

the physico-chemical properties. Polym Adv Technol. 2004;15(10):593-600. 

MELO MDFF, ZICKEL CS. The genera Zanthoxylum L. and Esenbeckia Kunth (Rutaceae) in the 

State of Pernambuco, Brazil. Acta Bot Bras. 2004;18(1):73-90. 

MORADI M, TAJIK H, MEHDI S, ROHANI R, MAHMOUDIAN A. Antioxidant and antimicrobial 

effects of zein edible fi lm impregnated with Zataria multi flora Boiss. essential oil and 

monolaurin. LWT-Food Sci. Technol. 2016;72:37-43. 

NOGATA Y, SAKAMOTO K, SHIRATSUCHI H, ISHII T, YANO M, OHTA H. Flavonoid composition 

of fruit tissues of citrus species. Biosci Biotechnol Biochem. 2006;70(1):178-192. 

RAFIQ S, KAUL R, SOFI SA, BASHIR N, NAZIR F, NAYIK GA. Citrus peel as a source of functional 

ingredient: A rewiew. J Saudi Society Agri Sci. 2018;17(4):351-358. 

RINCÓN AM, VÁSQUEZ AM, PADILLA FC. Chemical composition and bioactive compounds of 

flour of orange (Citrus sinensis), tangerine (Citrus reticulata) and grapefruit (Citrus paradisi) 

peels cultivated in Venezuela. Arch Latinoam Nutr. 2005;55(3):305-310. 

RIZZOLO A, BIANCHI G, POVOLO M, MIGLIORI CA, CONTARINI G, PELIZZOLA V, CATTANEO 

TM. Volatile compound composition and antioxidant activity of cooked ham slices packed in 

propolis-based active packaging. Food Packaging Shelf. 2016:8:41-49. 

Standard Test Method for Water Absorption of Plastics - ASTM D570-98(2010)e1. (2010, April 

01). West Conshohocken, PA: ASTM International. 

SCHMIDT V, SOLDI V. Influence of polycaprolactone-triol addition on thermal stability of soy 

protein isolate based films. Polym Degrad Stabil. 2006;91(12):3124-3130. 

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Soldi%2C+Valdir


Magnago, R. F. et al. 19 

 

Ci. e Nat., Santa Maria, v. 42, e5, p. 1-19, 2020 

    

 TANIGUCHI Y, HORIGOME S. The states of water in cellulose acetate membranes. J Appl Polym 

Sci. 1975;19(10):2743-2748. 

United States Department of Agriculture (USDA), 2019; [cited 2020 feb 02] Available from: 

https://apps.fas.usda.gov/psdonline/circulars/citrus.pdf. 

VIEIRA JG, RODRIGUES FILHO G, MEIRELES CDS, FARIA FA, GOMIDE DD, PASQUINI D, MOTTA 

LADC. Synthesis and characterization of methylcellulose from cellulose extracted from mango 

seeds for use as a mortar additive. Polimeros. 2012;22(1):80-87. 

WAHEED A, MAHMUD S, SALEEM M, AHMAD T. Fatty acid composition of neutral lipid: Classes 

of Citrus seed oil. J Saudi Chem Soc. 2009;13(3):269-272. 

WILCOX LJ, BORRADAILE NM, HUFF MW. Antiatherogenic properties of naringenin, a citrus 

flavonoid. Cardiovasc Drug Rev. 1999;17(2):160-178. 


