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Extraction of starch from Hass avocado seeds for the preparation of biofilms
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Abstract

Biofilms arise as an alternative to replace synthetic polymers, which have generated environmental pollution. The aim of this
work was to extract starch from Hass avocado seeds (Persea americana Mill) to produce biofilms. Starch was extracted using
the wet method and characterized by infrared spectroscopy. Moisture, ash content, gelatinization temperature, and color were
determined. Two types of biofilms were produced: T1 (starch) and T2 (starch and glycerol). The colour was measured, and the
films were characterized by mechanical tests. A yield of 11.38% was obtained for the isolated starch. Glycerol addition significantly
influenced the tensile strength being T1 higher than T2. In elongation percentage, T1 was lower than T2. The results indicate
that it is possible to use Hass avocado seed waste for starch extraction and produce biofilms to give it added value. This biofilm

can be used in low moisture food coatings.
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Practical Application: It is possible to use Hass avocado seed waste for starch extraction and produce biofilms to give it added

value. This biofilm can be used in low moisture food coatings.

1 Introduction

Synthetic polymers or other derived from non-renewable
resources, usually of lower cost and limited or minimal
biodegradability, have exceptional mechanical and thermal
properties (Rodriguez-Sepulveda & Orrego-Alzate, 2016).
Biopolymers can be a solution to environmental impacts caused
by plastics since they can easily degrade in the environment and
imitate the properties of conventional polymers (Yadav et al.,
2018).

Starch is a natural, renewable, and biodegradable polymer;
it is the second most abundant biomass material in nature
(Le Corre et al.,, 2010). It is found in different parts of plants,
including fruits, tubers, roots, and seeds. In addition to its low
density and low production cost, starch has become the ideal
material for use in several applications including packaging
and agriculture (Pérez, 2014). Starch can be obtained from
unconventional sources such as avocado seed (Persea americana
Mill) which belongs to the Lauraceae family (Chil-Nufiez et al.,
2019). Avocado is a species native to Mexico and Central
America; the most commercialized varieties are Hass, Fuerte,
and Nabal (Pérez et al., 2015). The Hass variety is medium size
(150-400 g) with a rough green skin that turns black when
ripe (Dominguez et al., 2014). Mexico is the main supplier to
the international market, contributing 45.95% of the value of
exports, with a production of 1,644,000 tons, followed by the
Dominican Republic with a production of 387,546 tons per
year. In Mexico, the Agrifood and Fishery Information Service

(SIAP) of the Ministry of Agriculture and Rural Development
(SAGARPA) reported, in the monthly bulletin January 2020, a
total production of 206,466 tons, with Michoacan contributing
on 94.6% (195,366 tons) to the national total, followed by
Jalisco with 4.7% (9,759 tons). These two states concentrate
99.4% (205,125 tons) of the country’s production (Servicio de
Informacion Agroalimentaria y Pesquera, 2020).

The obtained by-products from the avocado are the peel and
the seed, which are often discarded. This waste is approximately
15% of total weight and is commonly discarded or used as a
compost (Lara-Valencia et al., 2018). Both, the avocado peel,
and seed have-high value compounds that can be extracted and
used in various industries, which would lead to full exploitation
of the fruit (Wang et al., 2010). Seed chemical composition on
Hass and Fuerte varieties are 2.4 and 2.5% protein, 3.5 and 2.2%
sugar, 2.5 and 3.2% neutral lipids, 12 and 13% glycolipids, 7.4
and 10.9% phospholipids, 0.8 and 1.0% fat, as well as 27.5 and
29.6% starch, respectively (Chil-Nufiez et al., 2019). The seed
is a source of non-conventional starch, and its characteristics
are similar to those of corn starch. Seed starch functional and
rheological properties suggest that it could have several potential
applications as an ingredient in food systems and other industrial
processes (Chel-Guerrero et al., 2016; Lara-Valencia et al., 2018).
The aim of this study was to extract starch from the seed of Persea
americana Mill for biofilms production adding commercial value
to such waste and reduce its environmental impact.
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2 Materials and methods
2.1 Starch extraction

Starch was isolated by adapting Villalobos methodology
(Villalobos et al., 2014), with modifications. The seed was washed
with tap water and finally with distilled water before cutting it
into 3 cm pieces. A sample of 300 g of cut seed was immersed in
distilled water for 24 h, then ground in a food processor (Oster
FPSTFP1355 - 500W) to reduce the particle size by passing it
through an 80-micron sieve. A 1000 mL of distilled water was
added, left to stand for 1 h, and finally filtered through a cloth
sieve (cotton fabric). The suspension obtained was left to stand
for 12 h to complete the starch sedimentation. The suspension
was decanted and dried in an oven (Model 23 Binder, Germany)
for 6 h at 42 °C, ground and stored in a hermetically sealed
container until use. The starch extraction process yield was
calculated using Equation 1.

Yield(%) = (ﬂjx 100 (1)
w
where: FW: Final weight (g); IW: Initial weight (g).

2.2 Starch characterization

Infrared spectroscopy was used (Nicolet iS10 FT-IR
Spectrometer from Thermo Scientific FT- IR, Madison, Wisconsin,
USA). A starch sample (1 g) was placed in the glass area at
25 °C. Thirty-two sweeps were performed with a collection
duration of 47.7 s, resolution of 4 cm™ and a spectral range of
400-4000 cm™'. The spectrum analysis was performed to identify
the functional groups.

2.3 Physico-chemical characteristics of starch (Persea
americana Mill.)

The moisture content was determined in accordance with
NMX-F-083-1986 using Equation 2 (México, 1986). The ash
was determined in accordance with NMX-F-066-S-1978 using
Equation 3 (México, 1978).

Moisture(%) =( WIV;3W2 j x 100 )
where: W1=weight of the container with the wet sample (g);
W2=weight of dry sample container (g); W3=weight of the

sample (g).
P-p
Ashcontent(%) :(zjl()() (3)

where: P= weight of the crucible with the ash (g); p= weight of
empty crucible (g); M= sample weight (g).

2.4 Starch gelatinization temperature

Starch (2 g) was dissolved in 70 mL of distilled water. A
250 mL of distilled water were heated to 85 °C in a different
container, to which 50 mL of the first precipitate were added
by constant agitation with a glass rod until a paste was formed

and the temperature remained stable in the range of 50 to 85 °C
for instrumental measure (Grace, 1977).

2.5 Avocado seed starch colour evaluation

The colorimetry study using the International Commission
of I'Eclairage (CIE L*a*b*) system (MiniScan XE plus, Reston,
Virginia, USA) was performed. The magnitude for color
characterization were: Lightness (L*) from 0 to 100, red-green
ratio (a*), and yellow-blue ratio (b*). Saturation or purity
(chroma) and hue (Hue) were calculated using Equations 4 and 5.
The equipment was calibrated with reference tiles, first with the
white tile taking a reading and then with the black tile repeating
the same procedure. The samples were placed on a table-shaped
surface at the reading port, taking readings at different sample
points using as a reference point for comparison (Garcia-
Tejeda et al., 2011). The average value of all the determinations
of the parameters L*, a*, and b* was reported.

C" =Na’ +¥’ Q)
h =so”! (b* /a*) )

2.6 Biofilms production

The biofilms were produced by the casting method following
the procedure reported by Acosta (2011) with adaptations. Two
types of biofilms were formulated: T1 (biofilm without plasticizer)
and T2 (biofilm with plasticizer) maintaining the composition
of 2 g of starch in 70 mL of distilled water. A 0.5 mL of glycerol
was used as a plasticizer. 70 mL of distilled water were heated
by adding 2 g of starch until its gelatinization, maintaining a
constant agitation for 30 min. In T2, 0.5 mL of glycerol was
added as a plasticizer during the gelatinization. Finally, the starch
suspension was transferred to 10 x 10 cm plates and dried for
72 h in an oven at a constant temperature of 30 °C.

2.7 Film thickness

The biofilms thickness was measured with a micrometer
(Mitutoyo absolute, Tokyo, Japan). The samples were taken at
five random points. After measuring the films, the average and
standard deviation were obtained (Alvarado et al., 2015).

2.8 Tensile strength and break elongation

The samples were cut in rectangles measuring 1 x 9 cm using an
acrylic mold and a cutter according to the specifications of ASTM
D882-02 (American Society for Testing and Materials, 2001a)
and conditioned for 5 days in a desiccator with a supersaturated
solution of sodium bromide (NaBr) to generate an environment
of 57% relative humidity. The thickness of each film sample was
determined at 5 randomly selected points. A texture analyzer (TA
Plus, Lloyd Instruments, Largo, FL) equipped with mechanical
grips with an initial separation of 50 mm was used, operating
at a crosshead speed of 1 mm/s. For the test, 20 replicates were
measured from two batches and the values of the samples that
were fractured at the center of the film were taken. The average
and standard deviation were obtained (n=10).
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2.9 Water vapor permeability

According to the ASTM E96-00 method (American Society
for Testing and Materials, 2001b) with some modifications,
the water vapor permeability analysis was performed. A glass
cell with an internal diameter of 3.4 cm, a depth of 4 cm, a
film exposure area of 0.000908 m? and a drilled lid was used.
The films were cut in 4 cm diameter circles and fixed between
2 silicone gaskets in the cell lid containing distilled water to
reach a relative humidity close to saturation. The cell was placed
inside a double-walled acrylic container and silica gel was placed
between the two walls. The inner wall was perforated to allow
the silica gel to absorb moisture to create a dry environment
around the cell and film. An analytical balance was used to
record the weight of the permeability cell every minute. The
temperature inside the cell was kept constant at 30 °C and each
test lasted 6 h. Triplicate determinations were made. Weight
loss was recorded as a function of time and the Equation 6 was
used to calculate water vapor permeability in the region where
the rate of weight loss was constant.

PVA(g/msPa)=0Q%l/ A*AP (6)

where: Q= is the weight loss per time unit (t); 1= is the thickness
of the film (mm); A= is the transfer area (m); AP= is the water
vapor pressure gradient (4, 245 Pa) generated by distilled water
and silica gel at 30 °C.

2.10 Statistical data analysis

A t-Student test was conducted to compare fracture stress,
elongation, thickness, and water vapor permeability. Samples
were performed to compare the T1 (biofilm without plasticizer)
and T2 (biofilm with plasticizer) treatment, with a significance
value (p<0.05). The data was analyzed in the statistical program
SPSS version 22 for Windows (SPSS Inc., Chicago, IL, USA).

Transmittance, %

20

10

3 Results and discussion
3.1 Starch yield

The amount of starch extracted from Hass avocado seed
was 34.13 g of dry starch (45 °C) obtained from 300 g of sample,
representing a yield of 11.38%. Lubis et al. (2016) reported a
starch yield of 16% (60 °C) which differs by 4.62% with the
present study. Ginting et al. (2015) reported a starch yield of
24.20% with a difference of 12.96% with the present study.
Correa et al. (2019) reported a starch yield of 4.5% lower than
the present study. The mentioned authors used Hass avocado
seed as raw material employing sodium hydroxide and sodium
metabisulfite for extraction.

3.2 Starch characterization

Figure 1 shows the infrared spectrum of starch obtained
from an avocado seed. The vibrations at 3,296 cm™ are associated
to the stretching of the hydroxyl (OH-) functional group. The
signals observed in the wavelength of 2,919 cm™ correspond to
the band of the vibrations of the carbon-hydrogen (C-H) bonds
of the methyl groups. The wavelength at 1,418 cm™ is identified
as carbon-carbon (C-C) bond of the carboxyl groups, and finally,
the signal at 1,242 cm™ is attributed to the deformation of the
methyl group (C-H). The main functional groups in avocado
seed starch were observed mostly in the range from 3,294 to
3,296 cm ™ since this signal is attributed to the stretching of starch
hydroxyl groups vibrations, which is within the mentioned range
(Hernandez et al., 2017).

3.3 Physicochemical characteristics of Hass starch (Persea
americana Mill.)

A chemical analysis was conducted to determine the amount
of moisture and ash. Table 1 show the values obtained from
this analysis. Cornelia & Christianti (2018) reported 11.33%
moisture in Hass avocado seed starch, similar to this study. Ash

3600 3200 2800 2400

2000 1600 1200 800 400

Wave number, cm-!

Figure 1. FTIR spectrum with characteristics absorption bands of Hass avocado seed starch.
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Table 1. Physicochemical characteristics of Hass avocado seed starch.

Analysis Content
Moisture 12.00 = 0.50
Ashes 0.16 £ 0.0
Results are the average (n=3) + standard deviation value.
Table 2. Biofilm color parameters.
Parameter T1 T2 p- value*
L 84.3 £0.52 73.022 + 0.48 0.95
a* 7.20 +0.09 12.47 + 133 0.56
b* 18.62 + 0.46 31.582 +0.265 0.15
croma 19.96 + 0.44 31.47 £0.76 0.05
Hue 68.85 + 0.46 68.452 +0.11 0.001

T1: biofilm without plasticizer; T2: biofilm with plasticizer. *-student Test (p<0.05).

Table 3. Comparison Starch color.

Starches L* a* b*
Hass avocado seed 73.02 12.47 31.58
Banana' 81.33 4.29 10.07
Sweet potato? 97.47 -1.21 421
!Garcia-Tejeda et al. (2011); 2Abegunde et al. (2013).
Table 4. Results of stress at fracture and elongation.
Test T1 T2 p- value*
Stress at fracture, MPa 19.37 £5.30 10.78 £ 1.07 0.001
Elongation, % 3.07 £.55 13.09 + 4.04 0.001
*t-student Test (p<0.05).
Table 5. Water vapor permeability.
Sample Permeability p-value*
T1 1.42E-05 + 2.33E-06 g/day mPa 0.017
T2 3.98E-03 + 1.09E-03 g/day mPa )

*t-student Test (p<0.05).

results obtained by Ginting et al. (2015) reported 1.03% in Hass
avocado seed starch. Ginting et al. (2018) reported 0.23% ash in
a different variety of avocado. The reported results are superior
to those found in this study.

3.4 Starch gelatinization temperature

The initial gelatinization temperature was 55 °C and the
final gelatinization temperature was 80 °C. Martinez et al. (2016)
reported the initial gelatinization temperature of 72.10 °C and the
final gelatinization temperature of 87.0 °C of orito banana starch.
Alves etal. (2017) reported that the gelatinization temperature of
avocado seed starch started at 43.17 and ended at 94.65 °C. The
authors used differential scanning calorimetry. The temperature
ranges used for starch gelatinization in the present study were
within the ranges of the authors mentioned above; however,
the final temperature is wider compared to that reported by
Chel-Guerrero et al. (2016) who recorded a temperature range
for gelatinization of avocado seed starch from 56.15 to 74.15 °C
and from 56.45 to 73.91 °C with different extraction methods

and a solution of sodium chloride and sodium bisulfate, using
differential scanning calorimetry.

3.5 Colour evaluation of avocado seed starch

The lightness (L*) was around 73.02 + 0.48, the values of
(a*) parameter were 12.47 + 0.13, meanwhile, for the parameter
(b*) it was 31.58 + 0.27. Chroma was 33.96 + 0.27 and Hue was
68.40 * 0.07 indicating a trend towards light yellow (Table 2).
According to Garcia-Tejeda et al. (2011) the color parameters
of banana starch (L*) 81.33, (a*) 4.29 and (b*) 10.07 indicated
a trend towards light white. Abegunde et al. (2013) reported a
brightness for sweet potato starch of (L*) 97.47 (a*) -1.21 and
(b*) 4.21 with a trend towards light yellow. The starch obtained
in this study was different from sweet potato starch (Ipomoea
batatas) and banana starch (Musa paradisiaca) (Table 3).

3.6 Biofilms production

Two types of biofilms were produced by the casting method.
The characteristics of the film produced without plasticizer were
a rigid material with a brittle nature; the glycerol, addition as a
plasticizer, allowed obtaining a biofilm with elastic characteristics
as shown in Table 4.

3.7 Elongation evaluation and fracture stress

The tensile strength for T1 was 19.37 + 5.31 MPa and for T2
was 10.78 + 1.07 MPa; while the elongation for T1 was 3.07%
and for T2 was 13.09% with a significant difference between
them (p < 0.001). Pardo et al. (2012) reported an elongation
percentage of 16.4% and a tensile strength of 10.1 MPa in
arracacha starch film (Arracacia xanthorrhiza Bancroft) with
0.6 mL glycerol. This result is similar to the obtained in the T2
film (0.5 mL glycerol) and demonstrates that the addition of
glycerol positively modified the mechanical properties of the
biofilm in terms of elongation.

3.8 Water vapor permeability

This analysis evaluated the role that water plays in the
deteriorating reactions of food. Table 5 shows T2 is more
permeable than T1 (p = 0.017) due to the addition of glycerol.
Guadarrama-Lezama et al. (2018) reported that the nopal and
glycerol mucilage film presented a permeability of 2.3x10” g/day
mPa which is lower than the value reported for T2 in the present
study. Sandoval et al. (2018), reported values of 7.2 x 10 g/day
mPa where Hass avocado seed sifted flour was used to prepare
abiofilm. This film structure is compact and presented a higher
permeability value, while the flour that was not sifted presented
avalue of 2.09 x 10 g/day mPa, with a decrease in permeability.

3.9 Biofilms colour

The luminosity (L*) was 84.3, the value of the parameter
a* was 7.20 and for the parameter b* it was 18.62 in the biofilm
T1, indicating a trend towards a transparent appearance. For
the T2 biofilm, the value of L* was 74.73, a* was 10.08 and b*
was 31.10, indicating a trend towards light yellow (Table 4).
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4 Conclusions

The technique used for the extraction of starch was based
on the wet method obtaining a yield of 11.38%, presenting
satisfactory results when characterizing it by FT-IR where the
main groups present in starch were observed. The biofilms (T2)
made with 2 g of starch; 70 mL of water and 0.5 mL of glycerol
were the most suitable since those with no glycerol were rigid
and brittle. The glycerol addition allowed to obtain a biofilm with
flexible characteristics, proven by mechanical tests, elongation,
and water vapor permeability. In T2, glycerol decreased the
tensile strength and improved the water vapor permeability due
to hydrophilic character. The results indicate that it is possible to
use Hass avocado seed waste for starch extraction and produce
biofilms to give it added value. This biofilm can be used in low
moisture food coatings.
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