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Composite films are an alternative in the replacement of synthetic polymers. These films can be 
prepared from polysaccharides and used to store various drugs to be applied in different areas. In 
addition, aminoethoxyvinylglycine (AVG) is an ethylene inhibitor that prolongs shelf life of food. 
For this reason, this research aimed to take advantage of the brown algae Macrocystis pyrifera and 
Lessonia trabeculata to extract sodium alginate and produce films composed of sodium alginate/
kappa-carrageenan/iota-carrageenan, which were plasticized with glycerol and polyethylene 
glycol  400 and loaded with aminoethoxyvinylglycine. The extracted sodium alginate was 
characterized by 1H and 13C nuclear magnetic resonance (NMR), size exclusion chromatography 
coupled with multi-angle light scattering (SEC-MALS), thermogravimetry (TG/DTG), Fourier 
transform infrared (FTIR), and X-ray diffraction (XRD); and the composite films were characterized 
by FTIR, XRD, TG/DTG, and scanning electron microscopy (SEM). Then, the drug release kinetics 
were investigated using Higuchi and Korsmeyer-Peppas kinetic models. The extracted alginates 
obtained were of low molecular weight, and the films showed desirable properties for AVG release. 
Furthermore, drug release profiles revealed that AVG release is governed by Fick’s Law, and this 
is favored at low temperatures. In summary, sodium alginate allows the preparation of composite 
films, which can replace synthetic polymers to be used in the loading and releasing of drugs.
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Introduction

Polymeric materials are massively used for almost 
one hundred years. However, around 99% of the raw 
materials used in the production of plastics come from non-
renewable resources. For this reason, concern has arisen 
about the sustainability of these materials due to their low 
degradability and accumulation in the environment.1 Due 
to their renewability and sustainability, several research 
has focused on the use of seaweed polysaccharides for film 
development. Among the polysaccharides used, alginate, 
carrageenan, and agar stand out.2 

Alginate is a rigid, edible, and renewable polysaccharide 

used to encapsulate bioactive molecules3 and in the 
production of films. It is extracted from brown algae4 and 
represents 40% of the total dry weight of algae.5 At the 
molecular level (Figure 1a), alginate is a linear polymer 
formed by monomers of β-D-mannuronic acid (M) and 
α-L-guluronic acid (G) linked by a (1-4) bond, which 
form M-, G-, and MG-sequential blocks. The sequence of 
monomers (M and G) differs between species of algae and 
within tissues of the same species. Furthermore, the M/G 
ratio and the composition and alternation in the M-G blocks 
determine the physicochemical properties of alginates.6 For 
example, a high proportion of GG blocks results in harder 
and more brittle alginate films, while a high content of MG 
blocks forms softer gels and more elastic films.7

Carrageenan is an anionic linear polysaccharide 
(contains 15-40% sulfate ester groups). It is made up of 
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D-galactose and 3,6-anhydro-galactose (3,6-AG) units 
linked by alternating α-1,3 and β-1,4 glycosidic bonds; 
and represents between 30 and 75% of the dry weight of 
red algae. It is classified into six basic forms according 
to its sulfate content, extraction source, and solubility; 
the most important being kappa-carrageenan (Figure 1b), 
iota-carrageenan (Figure 1c), and lambda-carrageenan.8 
Kappa-carrageenan (κ-carrageenan) presents ca. 25-30% 
sulfate content, and iota-carrageenan (ι-carrageenan) 
presents around 28-30%.9

Many studies10 have been reported on the combination 
of two or more polysaccharides to improve the physical and 
mechanical properties of films. The compatibility in the 
mixture of different polysaccharides results in a compact 
and stable network which influences the properties of the 
film.11 These composite films can be used as carriers for 
antioxidants, antimicrobial agents, flavors, colorants,12 and 
ethylene retarders to control postharvest losses and food 
quality deterioration.13

Ethylene plays an important role in the ripening 
of fruits. Their synthetic pathway is controlled by 
the enzymes 1-aminocyclopropane-1-carboxylic acid 
(ACC) synthase and ACC oxidase, for this reason, 
they are targets for chemical inhibitors.14 Therefore, 
aminoethoxyvinylglycine (AVG) and aminoisobutyric 
acid (AIB) are used to inhibit ACC synthase and ACC 
oxidase activity, respectively.15

Considering the need for and importance of developing 
films made from natural resources, this research focused 
on the extraction of sodium alginate from the brown algae 
species Macrocystis pyrifera and Lessonia trabeculata to 
make composite films loaded with an ethylene inhibitor 
and to study its release kinetics.

Experimental

Materials

The raw materials used in the extraction and 
preparation of the composite films were brown algae 
Macrocystis pyrifera and Lessonia trabeculata collected 
3 km west of the San Juan de Marcona pier, Ica-
Peru. Glycerol, average weight poly(ethylene glycol) 
Mn  400 (PEG 400), κ-carrageenan, ι-carrageenan and 
aminoethoxyvinylglycine hydrochloride were purchased 
from Sigma-Aldrich (St. Louis, USA). Ethanol, n-hexane, 
formaldehyde, sodium carbonate, calcium chloride, 
hydrochloric acid and sodium hydroxide were from Merck 
(Darmstadt, Germany). Commercial chemicals were of 
analytical grade and no further purification was employed.

Sodium alginate extraction

Sodium alginate (NaAlg) extraction was performed 
according to Gómez et al.16 and Fertah et al.6 with some 
modifications. In an amber bottle, 50 g ground-dried seaweed 
blades were mixed with 600 mL of n-hexane and allowed 
to macerate for 24 h to degrease the sample; then, the solid 
was filtered and soaked for 24 h at room temperature with 
600 mL of 0.1% formaldehyde (v v-1) to remove pigments. 
After that, the degreased and depigmented solid was mixed 
with a 3% Na2CO3 solution (m v-1) at 80 °C for 2 h until 
reaching a pH value of 10. The liquid phase was separated 
by centrifugation and added slowly in 96° ethanol, forming 
a precipitate that was filtered and dried in an oven at 45 °C. 
The precipitate was mixed with 200 mL of 0.05 M CaCl2 
solution under constant stirring for 24 h at room temperature; 
then centrifuged and acidified with a 0.1 M HCl solution 

Figure 1. (a) Representation of alginate chemical structure and block distribution, (b) kappa-carrageenan chemical structure, and (c) iota-carrageenan 
chemical structure.
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(pH ca. 2) to obtain alginic acid, which by basic treatment 
with a 0.1 M NaOH solution (pH ca. 8) was converted into 
sodium alginate (NaAlg). NaAlg was precipitated with 96° 
ethanol, filtered, and lyophilized. The sodium alginate yield 
was calculated as follows:

	 (1)

Preparation of film-forming solution and films loaded

The preparation of sodium alginate/κ-carrageenan/
ι‑carrageenan composite films loaded with AVG was carried 
out using the methodologies developed by Cha et al.17 and 
Paula et al.18 Thus, 30 mL of sodium alginate at 1.5% m v-1 
were mixed with 5 mL of κ-carrageenan (1.0% m v-1) and 
5 mL of ι-carrageenan (1.0% m v-1) for 60 min at 70 °C. 
Then, 1 g of the mixture of glycerol and PEG 400 in 9:1 
ratio m/m was added and stirred for 30 min at 50 °C. 
Subsequently, 10 mL of AVG in ethanol (20 mg L-1) was 
added and stirred for 30 min at 50 °C. Finally, the solution 
was poured into a Petri dish and dried at 50 °C for 24 h. 
This procedure was performed for each sample of sodium 
alginate extracted, obtaining two composite films.

AVG release

The study of the release kinetics of the ethylene 
inhibitor (aminoethoxyvinylglycine-AVG) was carried 
out at 10 and 25 °C in an ethanol 70° release medium 
to evaluate the thermosensitivity of the films. A DaiHan 
MaXircu™ CR-8 Refrigerating/Heating Bath Circulator 
was used to control the release temperature, coupled to a 
digital orbital shaker, WiseShake® SHO-2D, containing 
50 mL borosilicate glass double layer jacketed Beakers. 
For measurement purposes, a 2 mL aliquot of the release 
medium was removed to determine its absorbance at 
197.5 nm in a quartz cuvette with 1.0 cm optical pass on a 
UV‑1800 UV-Vis spectrophotometer (Shimadzu, Japan). 
After, the aliquot was returned to the release medium 
and the release system was kept stirring. This process 
was repeated at each predetermined times. The Higuchi 
(equation 2) and Korsmeyer-Peppas (equation 3) equations 
were used to assess whether Fick’s law governs diffusion 
processes.

The Higuchi model describes the diffusion of the 
drug on only one side of the film, where the swelling and 
dissolution processes are negligible. Furthermore, this 
model considers a constant diffusivity of the drug with ideal 
sink conditions in the release environment.19 The Higuchi 
release equation is given by:

	 (2)

where Mt/M∞ is the fraction of solute released at time t and 
KH is the Higuchi diffusion constant.

The Korsmeyer-Peppas model is used to determine the 
value of the release exponent “n”. When this value is 0.5, 
it indicates that the release is carried out by drug diffusion. 
Likewise, when the value of n is less than 0.5, it indicates 
that the diffusion process is controlled by Fick’s law; and 
above 0.5 that the diffusion does not obey this law and 
is caused by polymer erosion.20 The Korsmeyer-Peppas 
equation is given by:

	 (3)

where K is the system constant and n is the diffusion 
exponent.

Characterization 

1H nuclear magnetic resonance spectroscopy (1H NMR)
1H NMR spectra were obtained using 12 mg of sample 

dissolved in 1.2 mL of a solution of D2O and 3 mM 
trimethylsilylpropanoic acid (TSP) at 70 °C. A Avance III 
HD 500 MHz (Bruker, Germany) coupled with an Ascend 
11.75 T superconducting magnet (500 MHz) was used. The 
signal (d) referring to the TSP internal reference standard is 
at 0.00 ppm, and the residual signal from the D2O solvent 
is at 4.32 ppm.

The M/G ratio and the values of the molar fractions 
FG, FM, FGG, FMM, FMG, and FGM were calculated from the 
area of 1H NMR signals, employing the formulas given by 
Rashedy et al.21

	 (4)

	 (5)

	 (6)

	 (7)

	 (8)

	 (9)

	 (10)
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AI corresponds to the anomeric hydrogen of guluronic 
acid (5.0-5.2 ppm), AII to the anomeric hydrogens 
of mannuronic acid (4.6-4.8 ppm), and AIII to the 
guluronic acid residues in the homopolymeric G blocks 
(4.4‑4.5 ppm).

The parameter η evaluates and reveals the sequence 
distribution of the M and G blocks. Indeed, the values of 
η < 1 correspond to the abundance of homopolymeric MM 
and GG blocks, η = 1 for completely random cases and 
1 < η < 2 for alternate-like cases MG and GM.22

13C nuclear magnetic resonance spectroscopy
13C NMR spectra were obtained using 60 mg of sample 

in powder form packed in zirconia rotors with an external 
diameter of 4 mm. A Avance III-400 NMR spectrometer 
(Bruker, Germany) was used, operating at a 9.4 T magnetic 
field. The resonance frequency was 100.56 MHz with a 
sequence of CPTOSS pulses (cross polarization with total 
sideband suppression) and MAS-BB-4 mm probe. The 
signal (d) corresponding to the chemical shift calibration 
standard (adamantane) is observed at 38.5 ppm.

Average mol mass
The molecular weight was evaluated by size exclusion 

chromatography coupled with multi-angle light scattering 
(SEC-MALS) using a e2695 chromatograph (Waters, 
Massachusetts, USA) with Wyatt miniDawn and Optilab 
model detectors, Shodex brand LB-803 and LB-806 
columns and at a temperature of 35 °C. 

The SEC-MALS analysis was performed according 
to the ASTM F2605-16 standard.23 The mobile phase of 
Na2SO4 (0.05 M)/ethylenediaminetetraacetic acid (EDTA) 
(0.01 M) at pH 6.0, pullulan standard solutions, and 200 μL 
of the sample at a concentration of 5 mg mL-1 were used. 
The processed data were with Astra v. 7.3.0.15 using the 
value of the increase in the specific refractive index of the 
solution (dn/dc) of 0.150 mL g-1.

Thermogravimetry (TG/DTG)
The thermogravimetric curves were obtained in a 

SDT Q600 (TA Instruments, Delaware, USA) equipment 
managed by the Thermal Advantage for Q Series software 
(v. 5.5.24). Measurements were performed using an inert 
atmosphere (N2) at a flow rate of 50 mL min-1 using 
5.0 ± 0.2 mg of sample. The temperature range was from 
25 to 1000 °C with a heating rate of 10 °C min-1 and in 
open α-alumina sample supports.

Fourier-transform infrared spectroscopy (FTIR)
The FTIR spectra were obtained by attenuated total 

reflectance (ATR) using an IRPrestige 21 spectrophotometer 

(Shimadzu, Kyoto, Japan), from 600 to 4000 cm-1, after the 
acquisition of 20 scans at a resolution of 4 cm-1 for each 
spectrum.

X-ray diffraction (XRD)
The XRD diffractograms have obtained in a range from 

5 to 100° in a D8 Advance (Bruker, Germany) equipment 
equipped with a Cu source (Kα = 1.5418 Å) operating at 
a voltage of 40 kV and 40 mA (1600 W) and a LynxEye 
model PSD type detector. Measurements were performed 
in coupled Theta/2Theta mode with continuous sweep and 
0.02° increment and 0.5 s accumulation time per step. A 
Ni filter has been used to remove the signal associated 
with Kβ radiation. The crystallinity index was determined 
using the ratio of the crystalline area and the total area 
(equation 11).

	 (11)

Surface morphology
The surface of the films was observed by scanning 

electronic microscopy using an S-440 microscope (LEO, 
Cambridge, England) equipped with a 7060 detector 
(Oxford Instruments, England) and at resolutions of 10 
and 1 μm at 1000× and 5000× magnification, respectively. 
Before visualization, the samples were gold-plated in a 
MED 020 high vacuum metallizer (Bal-Tec, Liechtenstein).

Results and Discussion

Sodium alginate extracted

Alginate extracted from Macrocystis pyrifera was 
named NaAlgM, and from Lessonia trabeculata was named 
NaAlgL, respectively.

Sodium alginate yield

The sodium alginate yield for the brown seaweed 
blades was determined. The highest alginate content 
(22.24% dry weight (dw)) was obtained of L. trabeculata, 
and the lower alginate content was recorded on M. pyrifera 
(15.28% dw). Kaidi  et al.24 report a sodium alginate 
extraction yield from L.  trabeculata between 13-29% 
dw and from M. pyrifera between 18-45% dw. However, 
according to Rioux et al.,25 the sodium alginate extraction 
yield in M. pyrifera is 1-21% dw. Dobrinčićet et al.26 report 
that this difference in extraction yield percentage varies 
with algae age, environmental growth conditions (e.g., light, 
temperature, and nutrients), and extraction techniques.
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NMR spectroscopy analysis

Analysis of the 1H NMR spectra (Figure 2) allowed the 
determination of the mannuronate/guluronate (M/G) ratio 
of the sodium alginate samples. Quantitatively, this was 
done by associating the area of the respective peaks with 
the FM and FG molar fractions. Table 1 shows that NaAlgM 
has an M/G ratio of 1.00 and NaAlgL of 0.86. However, 
the M/G ratio of NaAlgM is lower than that reported by 
Murillo and Hernández,27 who obtained a value of 1.63; 
in addition, the M/G ratio of NaAlgL is higher than that 
reported by Venegas et al.,28 which obtained a value of 
0.61. McKee et al.29 mention that the M/G ratio differs 
significantly according to the age of the leaves and the 
environmental conditions the algae inhabit. 

The gelling properties of the alginate depend on 
the M/G ratio and the molar frequency of the blocks 
FMM, FGG, FMG, and FGM. These parameters influence the 

chemical and physical properties of the alginate, making 
the stiffness proportional to the content and length of 
the G blocks (FG) and increase in the following order: 
MM  block  <  MG  block  < GG block,24 showing that 
NaAlgL is more rigid than NaAlgM, as shown in Table 1. 
Furthermore, the sequence distribution was described 
by h value. In Table 1, the  values ​​slightly exceeded one 
in the extracted alginates reflecting a probably random 
composition of the MG/GM heteropolymeric fractions in 
the structure and composition of their polymeric matrices.

In the 13C NMR spectra (Figure 3) the peak between 
170 and 180 ppm corresponds to the carboxyl carbon atom 
(C6), and the signal of the C1 anomeric carbon is located 
between 90 and 110 ppm. On the other hand, the signals 
of the ring carbons of pyranose (C2, C3, C4, and C5) are 60 
to 90 ppm.30 These peaks are labeled A-G, and each carbon 
assignment is shown in Table 2. In addition, the region 
between 160 to 170 ppm shows some peaks which coincide 
with the protonated carboxyl groups, which reflects the 
conversion of COO–···Xn+ groups to protonated COOH 
units.31 Peak assignments for 13C NMR spectra signals are 
presented in Table 2.

Average mol mass

Average mol mass and polydispersity index were 
obtained by SEC-MALS (Figure 4). The average mol mass 
(Mw) of the NaAlgM and NaAlgL samples was 6.519 × 104 
and 6.791 × 104 g mol-1, respectively. Deng et al.32 report 
that the average mol mass of alginate is in the range of 
3.2‑40  ×  104 g mol-1, which shows that the extracted 
sodium alginate samples are of low molecular weight. The 
polydispersity index was found to be 1.418 for NaAlgM and 
1.528 for NaAlgL. The ratio between the weight-average mol 

Table 1. Composition data of sodium alginate samples extracted from M. pyrifera (NaAlgM) and L. trabeculata (NaAlgL)

Sample
Composition

Ratio M/G
Sequence

h
FM FG FMM FGG FMG, GM

NaAlgM 0.50 0.50 1.00 0.24 0.24 0.26 1.05

NaAlgL 0.46 0.54 0.86 0.21 0.28 0.25 1.02

M: β-D-mannuronic acid; G: α-L-guluronic acid; FG, FM, FGG, FMM, FMG, and FGM: molar fractions; h: parameter to evaluate the sequence distribution of 
the M and G blocks.

Figure 2. 1H NMR spectra (500 MHz, D2O) of sodium alginate samples 
extracted from M. pyrifera (NaAlgM, green line) and L. trabeculata 
(NaAlgL, blue line).

Table 2. Peak assignments of the 13C resonances designated A-G in Figure 3

Peak designation

A B C D E F G

Chemical shift / ppm 176.2 102.4 82.8 76.3 71.6 68.1 65.1

Residue assignment G, M G, M G M M G G

Carbon atom 6 1 4 4,5 2,3 3,5 2
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mass (Mw) and the number-average mol mass (Mn) defines 
the polydispersity index (PDI or Ð). When PDI is equal 
to 1, the samples are monodisperse, and when the value 
is greater than unity, the samples are polydisperse.33 This 
shows that the samples of sodium alginate extracted from 
brown algae are polydisperse. These results are supported by 
Boucelkha et al.,34 who reported that the PDI values of the 

extracted alginate samples vary between 1.4 and 6.0 due to 
the extraction and purification processes. Table 3 shows the 
values of molar mass and polydispersity index.

Thermogravimetry

Figure 5 shows the TG/DTG curves of the samples 
NaAlgM (Figure 5a) and NaAlgL (Figure 5b) in which the 
four thermal events occur during the thermogravimetric 
test of the sodium alginate samples. In these events, the 
processes of dehydration, fragmentation of the alginate into 
monomeric units, decomposition of monomeric units into 
carbonate, and carbonization are carried out.35 The results 
obtained from the TG/DTG thermograms of the alginate 
samples are shown in Table 4.

Figure 3. 13C NMR spectra (400 MHz) of sodium alginate samples 
extracted from M. pyrifera (NaAlgM, green line) and L. trabeculata 
(NaAlgL, blue line).

Table 3. Average mol mass (Mn and Mw) and polydispersity index (PDI) 
of sodium alginate samples extracted from M. pyrifera (NaAlgM) and 
L. trabeculata (NaAlgL)

Sample Mw × 104 / (g mol-1) Mn × 104 / (g mol-1) PDI
NaAlgM 6.519 (± 2%) 4.597 (± 4%) 1.418 (± 5%)
NaAlgL 6.791 (± 2%) 4.444 (± 2%) 1.528 (± 3%)

Figure 4. SEC-MALS chromatograms of sodium alginate samples extracted from (a) M. pyrifera (NaAlgM) and (b) L. trabeculata (NaAlgL). Refractive 
index (RI, orange line); light scattering at angle of 90° (LS, red line); and molecular weight distribution for NaAlgM (green line) and NaAlgL (blue line).

Figure 5. TG/DTG curves of sodium alginate samples extracted from (a) M. pyrifera (NaAlgM) and (b) L. trabeculata (NaAlgL).
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Fourier-transform infrared spectroscopy

The FTIR spectrum of NaAlgM and NaAlgL (Figure 6) 
show a broad peak at 3270 cm-1 attributed to the stretching 
vibrations of hydroxyl groups O–H36 and others at 2929, 
1728, 1595 and 1024 cm-1 were attributed to aliphatic 
–CH stretching,37 the carbonyl group as the carboxylic 
acid ester form (C=O),22 carboxylate O–C–O asymmetric 
stretching vibrations,38 and stretching vibration of  
C−O−C,39 respectively. 

The absorption at 1352 cm-1 corresponding to the 
vibration of S=O stretching,40 and the presence of fucoidan 
sulfate groups at 835 cm-1 was reported.41 Also, the band 
around 665 cm-1 is attributed to C–H bending vibration, 
confirming the presence of carbohydrates.42 

X-ray diffraction

XRD diffractograms of the sodium alginate samples 
(Figure 7) have two diffraction peaks at 14.08 and 
22.08°43 corresponding to the units of guluronate (G) and 

mannuronate (M), respectively.44 The crystallinity index 
(Table 5) of the NaAlgM and NaAlgL samples is 20.19 and 
17.31%, respectively. According to Helmiyati and Aprilliza,45 
the crystallinity index in sodium alginate samples extracted is 
close to 29.29%, showing low purity in the alginate samples 
obtained. In one hand, a sharp peak at 29.5°, and other peaks 
at 34, 39, 44, and 48° were observed in the diffractogram of 
the samples. For another hand, these last signals correspond 
to CaCO3;46 therefore, it was presumed that this salt was 
formed during the extraction process.

Composite films sodium alginate-based elaborated

Two composite films of sodium alginate-based 
were prepared: the first with sodium alginate from 
Macrocystis  pyrifera was called F1, and the other with 
sodium alginate from Lessonia trabeculata was called F2.

Fourier-transform infrared spectroscopy of films

The FTIR spectrum of the films (Figure 8a) shows 
a peak at 2879 cm-1 corresponding to C−H stretching,47 
and others at 1605 and 1409, 1350, and 1244 cm-1 were 
attributed to asymmetric and symmetric stretching of 
the carboxylate group,43 aliphatic C−H stretching of 
plasticizers,48 and C–OH stretching,49 respectively. The 
peak at 1029 cm-1 is associated with the S=O vibrational 
mode due to the presence of carrageenans50 and the O−H 
bond vibration; 923 cm-1 corresponds to the C−H bond51 and 
the presence of 3,6-anhydro-D-galactose; and at 848 cm-1 
is assigned to D-galactose-4-sulfate.52

X-ray diffraction of films

The XRD diffractogram (Figure 8b) shows the 
diffraction pattern of the films at 21° and the disappearance 

Table 4. Mass loss values from TG/DTG curves of sodium alginate samples extracted from M. pyrifera (NaAlgM) and L. trabeculata (NaAlgL)

Sample Mass / mg Thermal event ΔT / °C Mass loss / % Residue / %

NaAlgM 5.308

dehydration 21.7-182.3 20.4

fragmentation 182.3-542.0 29.1

decomposition 542.0-907.1 38.0

carbonization 907.1-991.3 1.3

carbonized residue 991.3 11.2

NaAlgL 5.114

dehydration 21.5-180.9 23.5

fragmentation 180.9-574.3 27.4

decomposition 574.3-853.3 26.0

carbonization 853.3-991.8 10.2

carbonized residue 991.8 12.9

T: temperature.

Figure 6. FTIR (ATR) spectrum of sodium alginate samples extracted from 
M. pyrifera (NaAlgM, green line) and L. trabeculata (NaAlgL, blue line).
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interaction between the amino groups of the AVG and the 
carboxyl groups of sodium alginate.56

Thermogravimetry of films
Figure 9 shows the TG/DTG thermogravimetric 

curves of the films. Both films show similar thermal 
decomposition patterns with four thermal events ranging 
from 25 to 1000 °C (Table 6). According to Bhatia et al.,57 
the first event is attributed to the evaporation of water 
bound to the film, and the second event is to the loss of 
plasticizers. However, Wai Chun et al.58 consider that the 
second event refers to the fragmentation of the films, which 
shows a more significant mass loss. The third event is 

Table 5. XRD data of guluronate (G) and mannuronate (M) units, and 
crystallinity of sodium alginate samples extracted from M. pyrifera 
(NaAlgM) and L. trabeculata (NaAlgL)

Sample
2θ / degree

Crystallinity / %
G M

NaAlgM 13.35 23.35 20.19

NaAlgL 13.29 22.31 17.31

Figure 7. XRD diffractograms of sodium alginate samples extracted from 
M. pyrifera (NaAlgM, green line) and L. trabeculata (NaAlgL, blue line).

Figure 8. (a) FTIR (ATR) spectra, and (b) XRD diffractograms of F1 and F2 films.

Figure 9. TG/DTG curves of (a) F1 and (b) F2 films.

of the peak close to 13°, which is according to the 
literature53,54 and shows that there is no destruction in the 
crystal structure of sodium alginate.55 On the other hand, the 
films presented a crystallinity index of 36.17% for F1 film 
and 28.40% for F2 film; which could mean the formation 
of crystalline microaggregates due to the electrostatic 
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associated with the decomposition of the organic structure 
of the polysaccharides, and the last event indicates the 
carbonization process of the carbonaceous material.59

Surface morphology analysis
The surface morphology analysis (SEM) images of the 

films loaded with an AVG ethanolic solution (Figure 10) 
revealed a homogeneous surface with slight roughness, 
especially in the F1 film, due to ethanol generating a 
positive impact on the homogeneity and visual appearance 
of the films.60 The F2 film has a smoother and more 
homogeneous surface, which indicates an adequate 
interaction between the polymeric matrices, the plasticizers, 
and the drug (AVG).61

Kinetic behavior of AVG release
Figure 11 shows the release profile of AVG over 7 h 

at 10 and 25 °C. At 10 °C, F1 film released 18.60 mg L-1 

(93.02%) and F2 film 14.21 mg L-1 (71.06%) of AVG; and 
at 25 °C, F1 film released 10.97 mg L-1 (54.85%) and F2 film 
13.81 mg L-1 (69.04%) of AVG. This shows that films release 
a higher AVG content at low temperatures because there is a 
lower crosslink density which increased pores in the film’s 
polymer network.62 However, when ethanol was used as a 
release medium, swelling of the film was inhibited.60

Table 7 shows the values of the correlation coefficient 
(R2) and the diffusion exponent (n) calculated from 
equations 2 and 3. At 10 °C, the Korsmeyer-Peppas model 
better describes AVG release because it has a higher R2 
value than the Higuchi model. However, the Higuchi model 
better describes the release at 25 °C because it has a higher 
R2 value at this temperature. On the other hand, the value of 
n is less than 0.5, so it is assumed that the release of AVG 
at both temperatures corresponds to a diffusion controlled 
by Fick’s law.

Table 6. Mass loss values from TG/DTG curves of F1 and F2 films

Sample Mass / mg Thermal event ΔT / °C Mass loss / % Residue / %

F1 6.053

dehydration 20.0-110.0 25.3

fragmentation 110.0-313.8 57.2

decomposition 313.8-551.3 4.1

carbonization 551.3-991.8 11.0

carbonized residue 991.8 2.4

F2 6.299

dehydration 19.7-105.6 22.1

fragmentation 105.6-316.7 60.3

decomposition 316.7-617.3 5.2

carbonization 617.3-990.1 8.0

carbonized residue 990.1 4.4

T: temperature.

Figure 10. SEM images at (a) 1.00 k× (10 μm) and (b) 5.00 k× (1 μm) magnification on F1 film and (c) 1.00 k× (10 μm) and (d) 5.00 k× (1 μm) on F2 film.
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Conclusions

In the present study, sodium alginates extracted from 
Macrocystis pyrifera and Lessonia trabeculata species 
had low extraction yield, low crystallinity index, low 
average molar mass, and the possible presence of CaCO3, 
carbohydrates, and fucoidans. The films prepared with 
these sodium alginate samples presented a homogeneous 
surface with slight roughness, which suggests an interaction 
between sodium alginate, carrageenan, plasticizers, and 
aminoethoxyvinylglycine; however, at low temperatures 
and governed by Fick’s law, they released a greater amount 
of AVG. Therefore, these films can be an alternative for 
fruit packaging at 10 °C since they serve as vehicles for the 
administration and release of ethylene inhibitor. In general, 
polysaccharides from algae allow the production of films 
that can replace synthetic plastics.
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