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Summary The purpose of this study was to prepare a defatted peanut flour-based film (DPFF); to characterise their

physicochemical, optical, barrier and mechanical properties; and to evaluate the defatted peanut flour

package efficacy to preserve the chemical quality of sunflower oil during storage. The film presented high

lightness values (L* = 86.83). The water vapour permeability was 5.44 9 10�11 g m�1 s�1 Pa�1. Tensile

strength and percentage of elongation were 1.01 MPa and 84.01%, respectively. Sunflower oil samples

packaged in defatted peanut flour packages (DPFP) were stored during 67 days at room temperature.

Peroxide value and conjugated dienes increased less for sunflower oil conditioned in DPFP and high bar-

rier plastic pouches (EVOH) during storage than sunflower oil conditioned in Petri dishes (C). The use of

DPFP improved the chemical stability of sunflower oil during storage. The DPFF showed suitable film

properties, and also, the capacity to be incorporated in food packaging applications.
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Introduction

Edible films and coatings have an important function in
protecting the quality of food products from food dete-
rioration. The film or coating provides a semipermeable
barrier against gases, water vapour, movement of oils
and fats and loss of volatile flavours and aromas (Scar-
lat et al., 2015). Edible films and coatings can also act
as a carrier of food additives, such as antimicrobials,
antioxidants, flavours and colours (Balaguer et al.,
2014). The application of these kinds of films can also
improve the mechanical properties and keep the struc-
tural integrity of the food products (Han, 2014).

Oxidative deterioration, particularly lipid oxidation,
during storage of food commodities produces toxic alde-
hydes that are associated with rancidity and off-flavours
processes (Guillen & Goicoechea, 2008). Due to their
properties, biodegradable packages can retard oxidative
processes, improving food safety and shelf life (DeMoraes
Crizel et al., 2016). Biodegradable edible films and coat-
ings are prepared using natural polymers. Consequently,

they represent an alternative to replace synthetic materials
in packaging applications (Balaguer et al., 2014; Scarlat
et al., 2015) and reduce the environmental pollution issues
associated with nondegradable and nonrenewable pack-
ages (Pi~neros-Hernandez et al., 2017).
Proteins have been predominantly used as film-form-

ing materials. They are macromolecules that form a
tightly packed and ordered hydrogen-bonded network
structure. Due to those particularities, proteins show
excellent barrier to gases (O2 and CO2), as well as
mechanical and structural properties (Yang & Paulson,
2000). An alternative is to produce films from mixtures
of starch, protein, lipid and fibre, namely, flours,
obtained from agricultural sources (Valderrama Solano
& Rojas de Gante, 2014). For instance, biodegradable
films have been developed from amaranth flour (Tapia-
Bl�acido et al., 2005), achira flour (Andrade-Mahecha
et al., 2012), blue corn flour (Valderrama Solano &
Rojas de Gante, 2014), triticale flour (Borneo et al.,
2016) and babassu mesocarp flour (Maniglia et al., 2017).
Peanuts are characterised by a high lipid and protein

content and low percentage of carbohydrates and ash,
containing approximately 45–54% lipids and 25–31%*Correspondent: Fax: +54 351 4334116;
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proteins (Grosso et al., 2002). Peanuts represent an
important source of protein that is characterised by its
good functional properties and high nutritional values
(Gong et al., 2016).

Previous studies have developed films elaborated
with peanut proteins. Most of these studies have inves-
tigated the physiochemical properties, as well as the
improvement of functional properties of peanut pro-
teins isolates (PPI) and films. (Liu et al., 2004; Sun
et al., 2013; Li et al., 2014, 2015; Gong et al., 2016).
Generally, PPI used in the elaboration of a film have
been prepared according to the method of alkaline
extraction and acid precipitation (Liu et al., 2012).
However, there are no reports on the development of
a simple film-forming methodology, which could
become a source of new films, with applications in dif-
ferent industries and processes. Also, the ability of
defatted peanut flour-based films, to provide protec-
tion against lipid oxidation, has not been studied when
this coating or biopackaging material is used on food
product preservation.

The purpose of this research was to prepare a film
based on defatted peanut flour (DPF) and to charac-
terise its physicochemical, optical, barrier and mechan-
ical properties, and to evaluate the defatted peanut
flour package efficacy to preserve the chemical quality
of sunflower oil during storage.

Materials and methods

Materials

Sound and mature seeds of blanched peanuts (Arachis
hypogaea L.) type Runner (cv. Tegua), size 38/42 ker-
nels per ounce (2016 crop), were provided by Loren-
zetti, Ruetsch & Cia company (Ticino, C�ordoba,
Argentina). Before processing, damaged and bruised
peanuts were manually removed.

Preparation of defatted peanut flour (DPF)

For preparing DPF, blanched peanuts were ground
using a mill (Moulinex, model AD5663C9, Colombia).
Then, the DPF was obtained after an oil extraction
with n-hexane for 12 h, and a soluble carbohydrates
extraction with 70% ethanol for 6 h, both using Soxh-
let apparatus. After each extraction process, the sam-
ple was oven-dried at 60 °C for 24 h. For completion
of the formulation process, the flour was ground using
a mill and passed through a 60-mesh sieve to standard-
ise the final granulometry.

Film formulation

Film-forming solutions (FFS) were prepared according
to the method described by Borneo et al. (2016), with

modifications. The DPF (4.0 g/100 mL) was mixed with
distilled water and magnetically stirred at 60 °C for
15 min. The dispersion was adjusted to pH 9, with
0.1 N sodium hydroxide, to dissolve the protein. Glyc-
erol (25 g/100 g flour) was added as the plasticizer, and
the obtained dispersion was then magnetically stirred at
60 °C for 15 min. The FFS was cooled at room temper-
ature, centrifuged (500 rpm for 30 s), and degassed
under vacuum. The casting technique was used to form
the films. The FFS (10 mL) was poured onto a horizon-
tal flat silicone tray (5.5 cm diameter) and dried at
35 °C in a forced air oven (model 600, Memert, Sch-
wabach, Germany) for 20 h. The thickness of the films
was measured using a micrometre (Schwyz SC1). The
mean thickness was used to calculate the mechanical
and barrier properties (Romero et al., 2016).

Chemical analysis

The centesimal composition (moisture, lipids, proteins
and ash) of DPF was analysed according to AOAC
(2006). The nitrogen content was estimated by the
Kjeldahl method and multiplied by 5.46 to convert to
protein percentage. Carbohydrate content was esti-
mated by the difference of the other components, using
the following formula, carbohydrate content = 100% –
(% protein + % oil + % ash) (Mestrallet et al., 2004).
Fibre content was determined based on the AOCS
method (AOCS, 2017). This method determines crude
fibre, which is the organic residue remaining after
digesting with 0.255 N sulphuric acid and 0.313 N
sodium hydroxide. The compounds removed are pre-
dominantly protein, sugar, starch, lipid and portions
of both the structural carbohydrates and lignin.

Sodium dodecyl sulphate-polyacrylamide gel
electrophoresis (SDS-PAGE)

The protein fraction from the DPF and the FFS were
analysed by SDS-PAGE (Mini Protean II Dual Slab
Cell, Bio-Rad Laboratories, USA), under reducing and
nonreducing conditions, using a discontinuous buffer
system, 4% stacking gel and 12% separating gel
(Laemmli, 1970). The electrophoresis was performed at
150 V. The gel plates were fixed and stained with a
Coomassie Blue solution and then detained with a
10% acetic acid in methanol solution.

Analysis of amino acids

The DPF and DPF film (DPFF) samples were acid
hydrolysed with 6 N chlorhydric acid for 24 h accord-
ing to the AOAC method (AOAC, 2006). The hydro-
lysates were filtered, derivatized with diethyl
(ethoxymethylene) malonate and analysed by high-per-
formance liquid chromatography (HPLC), using a
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Perkin Elmer HPLC system (Series 200), equipped
with a UV detector and Zorbax Eclipse Plus C18 col-
umn (4.6 9 150 mm; particle size 5 lm) from Agilent
Technologies, according to Alaiz et al. (1992). The
amino acids content was measured by comparison of
the HPLC chromatogram peak areas with external
standard curves and was expressed as g/100 g protein
of DPF and DPFF, respectively.

Properties of films

Moisture content (MC) of the film
The MC of the DPFF was determined, as described
by Aguirre et al. (2011). All determinations were per-
formed in triplicate, and the average values were
reported.

Colour evaluation of the films
The colour analysis was performed using a colorimeter
(Minolta CM-508d, Tokyo, Japan). The CIELab
parameters (L*, a* and b*) were measured at five
points on each film. The colour parameters range from
L* = 0 (black) to L* = 100 (white), �a* (greenness) to
+a* (redness) and �b* (blueness) to +b* (yellowness).
The instrument was calibrated using a standard white
plate with colour coordinates of L* = 91.73, a* = 0.64
and b* = �6.97 (Romero et al., 2016).

Opacity of the films
The opacity of the films was measured, according to
Cao et al. (2007). Rectangular pieces of film samples
were placed into a spectrophotometer test cell. Air was
used as reference. A spectrum of each film was
obtained in a UV–Vis spectrophotometer (Spectrum
SP-2100 UV, Zhejiang, China). All determinations
were performed in triplicate.

Mechanical properties of the films
Tensile strength (TS) and per cent of elongation at
break (%E) were determined according to the Ameri-
can Society for Testing and Materials (ASTM) stan-
dard method D882-02 (ASTM, 2012). The Instron
Texturometer (model 3342, Norwood, MA, USA) was
equipped with a 500 N cell and operated at
0.5 mm s�1. The films were cut into rectangular strips
(15 mm wide 9 50 mm length) and mounted between
the grips of the texture analyser. The TS (force/initial
cross-sectional area) and %E (percentage of the
change in the original length of the specimen between
the grips at break) were determined directly from the
stress versus strain curves (Aguirre et al., 2011).

Water vapour permeability (WVP) of the films
The WVP was measured gravimetrically, according to
the standard method E96-80 (ASTM, 2012) reported
by Aguirre et al. (2011).

Oxidative test with sunflower oil

The DPFFs were cut in 9.5 9 9.5 cm pieces, sealed
(polyethylene sealer, CLI, model CC400, LIPARI,
Rosario, Argentina) to form packages (DPFPs) of
(4.75 9 9.5 cm) with each one containing 9 g of sun-
flower oil; and then, stored at room temperature
(23 °C) for 67 days. Samples were removed from stor-
age at 0, 15, 30, 45 and 67 days, for chemical analyses.
Samples of sunflower oil were also conditioned in (i)
high barrier plastic pouches made of ethylene vinyl
alcohol (EVOH) of 175 mm total thickness, with an
oxygen transmission rate of 1–5 cm3 m�2 bar�1 24 h�1

(DISE SA, Cordoba, Argentina) as a comparative
treatment prepared with synthetic material and, (ii) in
Petri dishes (Ø 90 9 14 mm) as a control sample (C).
Lipid oxidation indicators, including peroxide value

(PV) (AOAC, 2006) and conjugated dienes (CDs) (COI,
2001) were analysed in the sunflower oil obtained from
stored samples. PV results were expressed as milliequiv-
alents of active oxygen per kilogram of oil (mEq
O2 kg�1). The CD values were expressed as the sample
extinction coefficient E (1%, 1 cm).

Statistical analysis

The experiment was carried out in three replications.
The data were analysed using InfoStat software, ver-
sion 2010p (Facultad de Ciencias Agropecuarias,
Universidad Nacional de Cordoba, Cordoba, Argen-
tina). Means and standard deviations were calculated.
Analysis of variance (ANOVA) and Duncan’s test
(a = 0.05) were used to detect significant differences
between treatments. Linear equations were used for
regression analysis between storage time and the
dependent variables (Sokal & Rohlf, 1994).

Results and discussion

Chemical composition of peanut flour

The flour extraction method used produced a material
containing 53.22 g/100 g � 0.03 protein, 23.90 g/100 g
� 0.28 carbohydrate, 11.41 g/100 g � 0.13 moisture,
4.06 g/100 g � 0.21 lipids, 4.05 g/100 g � 0.09 ash,
and 3.36 g/100 g � 0.02 fibre. All films produced were
self-supporting and peelable. They were transparent,
light yellow and had an average thickness of
102 � 6.4 lm. The chemical composition of the flour
is similar to that obtained by Wu et al. (2009)
(55.88 � 1.07% protein, 25.14 � 0.04% carbohydrate,
8.12 � 0.13% moisture, 4.85 � 0.16% ash, and
1.50 � 0.01% crude fat). Compared with other raw
materials used in the production of biodegradable
films, the DPF presents higher protein and lower car-
bohydrate content than achira flour (4.5 g/100 g
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protein; 71.7 g/100 g starch) (Andrade-Mahecha et al.,
2012), banana flour (3.2 g of protein/100 g; 83.2 g of
starch/100 g) (Pelissari et al., 2013), blue corn flour
(6.53% protein; 75.1% starch) (Valderrama Solano &
Rojas de Gante, 2014) and babassu mesocarp flour
(1.77 g/100 g protein; 84.57 g/100 g starch) (Maniglia
et al., 2017).

Film protein

The film formulation procedure prepared a film contain-
ing 53.06% protein. The SDS-PAGE patterns of nonre-
duced and 2-mercaptoethanol-reduced samples of DPF
and DPFF showed a disappearance of protein bands
from the DPFF samples that were observed in the DPF
(Fig. 1). These bands corresponded to proteins with a
molecular weight >200 kDa, and about 116 and 31 kDa
(marked by arrow). Loss of these proteins in the DPFF
samples could be attributed to the centrifugation pro-
cess of the FFS, during the film formulation. However,
there were no significant differences in the proportion of
protein between the DPF and DPFF samples. The pat-
tern also indicated that nonreduced DPF and DPFF
samples were composed of a group of protein that pre-
sented structures with molecular weights >200 kDa and
between 45–66 and 31–45 kDa (marked by arrow) that
possibly enhanced the establishment of the three-dimen-
sional network structure of the film.

Amino acid composition

Glutamic acid (Glx) and arginine (Arg) were the major
amino acids in DPF and DPFF samples (Table 1).

DPFF had a higher percentage of aspartic acid
(8.16%), serine (4.07%), histidine (His; 5.37%), thre-
onine (4.21%) and cysteine (9.36%). Davis & Dean
(2016) also reported Glx and Arg were the main amino
acids in the peanut seed. Gayol et al. (2013) observed
peanut oil cake and peanut concentrate with high per-
centages of Asp, Glx, and Cys + Val + Met. Amino
acid composition reported for others raw materials
commonly used in the preparation of biodegradable
films, showed Glx (9.11%) and aspartic acid (5.91%)
as the major amino acid in defatted soy flour and, Glx
(12.48%) and Arg (6.73%) in cottonseed flour (USDA,
2017).

Properties of films

MC of DPFF was 21.10% (Table 2). This value was
similar to that determined by Borneo et al. (2016) for
triticale flour-based films. Other authors recorded MC
values of 16.50% for blue corn flour-based films
(Valderrama Solano & Rojas de Gante, 2014) and
18.8% for achira flour-based films (Andrade-Mahecha
et al., 2012). The characteristics of MC are related to
the polymer0s polarity and the plasticizer used (Valder-
rama Solano & Rojas de Gante, 2014). In the current
research, glycerol was the plasticized used. The MC
observed is related to the polarity of the biopolymer
form with the DPFF. The glycerol proportion in the
film solution with its thickness (102 lm) allowed the
formation of a film with good WVP, a relevant prop-
erty of films, due to the important role of water in
deteriorative reactions.

200 KDa
116.2 KDa

97.4 KDa

66.2 KDa

45 KDa

31 KDa

21.5 KDa
14.4 KDa

200 KDa
116.2 KDa

97.4 KDa

66.2 KDa

45 KDa

31 KDa

21.5 KDa
14.4 KDa

M    DPFR – DPFFR M      DPFN – DPFFN

Figure 1 SDS-PAGE patterns of nonreduced and 2-mercaptoetha-

nol (2 ME) reduced samples of DPF and DPFF. M = Molecular

weight marker; DPFR = reduced defatted peanut flour;

DPFFR = reduced peanut film; DPFN = nonreduced defatted pea-

nut flour; and DPFFN = nonreduced peanut film.

Table 1 Amino acid composition (g/100 g protein) of defatted pea-

nut flour (DPF) and peanut film (DPFF)

Amino acid DPFb DPFFb

Asx (aspartic acid) 7.51 � 0.34 8.16 � 0.26

Glx (glutamic acid) 16.18 � 0.59 10.37 � 0.17

Sera (Serine) 2.69 � 0.05 4.07 � 0.06

Hisa (Histidine) 5.06 � 0.09 5.37 � 0.15

Gly (Glycine) 7.59 � 0.04 5.32 � 0.08

Thra (Threonine) 3.45 � 0.078 4.21 � 0.05

Arg (Arginine) 12.27 � 0.15 11.86 � 0.29

Ala (Alanine) 3.90 � 0.05 3.86 � 0.16

Proa (Proline) 3.54 � 0.16 2.09 � 0.28

Tyra (Tyrosine) 4.56 � 0.05 4.05 � 0.07

Vala (Valine) 4.68 � 0.04 4.35 � 0.07

Meta (Methionine) 0.89 � 0.04 0.38 � 0.04

Cys (Cysteine) 5.97 � 0.29 9.36 � 0.09

Ilea (Isoleucine) 4.06 � 0.04 3.577 � 0.039

Leu (Leucine) 7.41 � 0.05 6.89 � 0.08

Phea(Phenylalanine) 6.47 � 0.07 5.49 � 0.11

Lysa (Lysine) 3.28 � 0.02 2.94 � 0.03

aEssential amino acids.
bResults expressed as mean � standard deviation (n = 3).
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With respect to the colour, the L* values (86.83)
observed in DPFF (Table 2) were close to those
reported for triticale films (Borneo et al., 2016), while
higher values were reported for amaranth flour films
(Tapia-Bl�acido et al., 2005) and lower values for
babassu mesocarp flour films (Maniglia et al., 2017).
Compared to triticale flour-based films (Borneo et al.,
2016), the a* value (�0.98), indicative of red–green
chromaticity, was lower; while the yellow–blue chro-
maticity value (b* 5.89) was higher in the present
study. Liu et al. (2004) researched the colour charac-
teristics of peanut protein films modified by physical
and chemical treatments (ultrasound, formaldehyde,
glutaraldehyde, succinic anhydride and acetic anhy-
dride) where formaldehyde-treated films exhibited a
high lightness (L* 76.32). The redness of the films
changed from a* values of about 5 for the control
films to >13 for the glutaraldehyde-treated films, and
the yellowness (b* values) increased from about 30 to
>35, respectively. Sun et al. (2013) reported the follow-
ing colour values of PPI films: L* 81.82, a* 4.48 and
b* 11.8.

The opacity value (2.35 nm mm�1) of the DPFF
was a little high (Table 2). Other authors reported
opacity values ranging from 1.1 to 2.2 for films pre-
pared using high-pressure modified amaranth proteins
(Cond�es et al., 2015) and from 1.2 to 3.0 in amaranth
proteins films, reinforced with amaranth starch gran-
ules and nanocrystals (Cond�es et al., 2018).

With respect to the mechanical properties of the
films, the TS and %E values of the DPFF (Table 2)
were comparable to that documented in relevant litera-
ture studies. Liu et al. (2004) reported TS values rang-
ing from 0.28 and 1.27 MPa and %E from 40.22 and
160.34% in peanut protein films modified using physi-
cal and chemical treatments. Furthermore, the authors
concluded that heat curing was the most effective
treatment, followed by UV exposure, and treatment
with an aldehyde. Li et al. (2015) studied the physical
and structural properties of peanut protein isolate-gum
arabic films and reported that TS values ranging from
0.77 MPa (peanut protein isolates films) to 1.76 MPa

(films prepared from peanut protein isolates-gum Ara-
bic films) and %E ranging from 34.5% (films prepared
from peanut protein isolates-gum Arabic fims) to
135.7% (peanut protein isolates films). Compared with
biodegradable films made from the flour of other agri-
cultural sources, DPFF exhibits good mechanical
properties, with TS similar to those made from ama-
ranth flour (Tapia-Bl�acido et al., 2005; Villam�an
Di�eguez et al., 2015).
The DPFF also exhibited good flexibility (84.01%),

which were close to 95.4% (Villam�an Di�eguez et al.,
2015) and 83.74% (Tapia-Bl�acido et al., 2005) for
amaranth flour fims, and 88.4% quinoa flour (Araujo-
Farro, 2008) films.
DPFF presented an excellent water vapour barrier,

with lower WVP value than PPI films
(167.9 9 10 11 g m�1 s�1 Pa�1) and films prepared
from peanut protein isolate-gum arabic mixtures
(139.8 9 10�11 g m�1 s�1 Pa�1) (Li et al., 2015). In
comparison with other raw materials used in the pro-
duction of biodegradable films, the DPFF also exhib-
ited a lower WVP value than banana flour films
(21 9 10�11 g m�1 s�1 Pa�1) (Pelissari et al., 2013),
amaranth flour films (37.6 9 10�11 g m�1 s�1 Pa�1)
(Villam�an Di�eguez et al., 2015), quinoa flour films
(6 9 10�11 g m�1 s�1 Pa�1) (Araujo-Farro, 2008) and
achira flour films (53 9 10�11 g m�1 s�1 Pa�1)
(Andrade-Mahecha et al., 2012).

Oxidative rancidity test in sunflower oil

The changes in PV and CD during storage of sun-
flower oil for DPFP, EVOH and C samples, at 23 °C,
are shown in Fig. 2. The PV increased significantly
with storage time in all sunflower oil samples. Sun-
flower oil conditioned in Petri dishes (C) had a higher
PV and showed significant differences during storage
after storage day 15, compared to sunflower oil packed
in DPFP and high barrier plastic (EVOH) pouches.
Among the packaging treatments, EVOH presented
the lowest PV and exhibited significant differences dur-
ing storage than DPFP after day 45. In addition to
displaying the highest PV, treatment C also exhibited
the highest CD value and showed significant differ-
ences during storage after storage day 30, relative to
DPFP and EVOH. In DPFP and EVOH treatments,
CD did not show any marked increase throughout
storage. The results of the chemical oxidation indica-
tors during storage evidence that the DPFP helps to
retard the lipid oxidation process in sunflower oil in a
similar manner to EVOH pouches.
The PV values obtained at the present study were

comparable to those reported from others authors,
who studied films prepared with different raw material
and the addition of natural antioxidants. De Moraes
Crizel et al. (2016) evaluated the PV of sunflower oil

Table 2 Properties of defatted peanut flour film (DPFF)

Properties Valuesa

Moisture (%) 21.63 � 0.35

Water vapour permeability (91011 g m�1 s�1 Pa�1) 5.08 � 0.97

Tensile strength (MPa) 1.01 � 0.28

Elongation at break (%E) 84.01 � 0.72

Opacity (nm mm�1) 2.35 � 0.15

Colour L* 86.83 � 1.72

a* �0.98 � 0.08

b* 5.89 � 0.90

aResults expressed as mean � standard deviation (n = 3).
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protected with gelatin film (FC), gelatin film with blue-
berry fibre at 0.15 g mL�1 (FF15), and gelatin film
with 50 mL blueberry extract (FE50), stored for
13 days. These authors found that FF15 exhibited sim-
ilar results when compared with the DPFF used in the
present study. FC and FE50 showed higher PV values
than DPFF. Atar�es et al. (2010) studied the PV forma-
tion of sunflower oil protected with sodium caseinate
films incorporated with cinnamon and ginger essential
oils. The PV values obtained at the end of the storage
(50 days) were lower than 10 mEq O2 kg�1. The

results of the current study evidence that DPFP, dis-
plays a protective effect against lipid oxidation, pro-
longing sunflower oil shelf life, and this protective
effect was generated without the incorporation of any
additive in the film formulation.
The regression equations of the dependent variable

PV for treatments C, DPFP and EVOH are presented
in Table 3. PV showed R2 > 0.70 in all sunflower oil
samples, which indicates that this variable is a good
predictor of the storage time effect.

Conclusions

The results observed in this study demonstrated that
the films formulated with DPF exhibit suitable physic-
ochemical, optical, barrier and mechanical properties,
in comparison with other films prepared with different
type of raw materials. These functional properties
allowed the formation of a DPFP that is able to
improve the chemical stability of sunflower oil, by pre-
venting lipid oxidation. The DPFP could represent an
effective and natural method to protect other food
products with similar physicochemical characteristics
to sunflower oil.
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at 23 °C.
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