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Abstract: In this study, characterization and antioxidant capacity of anchovy by-product protein (ABP) films with 0.5, 1.0 and 1.5% rosemary (REO) and
laurel essential oils (LEO) were investigated. The films with REO and LEO showed higher elongation at break and water vapor permeability (WVP), but
lower elastic modulus, transparency, and tensile strength. L* and b* values decreased as a function of essential oil (EO) amount and films became darker
and slightly yellowish. The solubility of films with REO and LEO decreased by 10.00-16.05% and 13.84-18.20%, respectively. Intermolecular interaction and
molecular organization in the polymer matrix were changed by EO incorporation. Films with EOs showed a nonhomogeneous surface and comparatively
smooth cross-section structure providing easy permeation. The antioxidant properties of films were enriched by addition EO and the highest antioxidant
capacity was determined in 1.5% LEO film. As a result, although ABP films enriched with EOs have a high WVP, they can be used as packaging material for
food products that are susceptible to lipid oxidation.
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0z: Bu calismada %0,5, 1,0 ve 1,5 oranlarinda biberiye (BUY) ve defne ugucu yaglarini (DUY) igeren hamsi atik protein (HAP) filmlerin karakterizasyonu ve
antioksidan kapasitesi incelenmistir. BUY veya DUY igeren filmler daha yiiksek gerilme ve su buhari gegirgenligi (SBG), fakat daha dusiik elastik modiil,
saydamlik ve kopma uzamasi gostermistir. Ugucu yag (UY) miktarinin bir fonksiyonu olarak L* ve b* degerleri azalmis ve filmler daha koyu ve hafif sarimsi
hale gelmistir. BUY ve DUY igeren filmlerin ¢6zindrliigii sirasiyla %10,00-16,05 ve %13,84-18,20 diizeyinde azalmistir. Polimer matristeki molekiiller arasi
etkilesim ve molekiiler organizasyon, UY ilavesi ile degistirilmistir. UY igeren filmler homojen olmayan bir yiizey ve kolay gegirgenlik saglayan nispeten
pirizsiiz bir kesit yapisi gostermistir. Filmlerin antioksidan dzellikleri UY ilavesiyle zenginlestirilmis ve en yiiksek antioksidan kapasite %1,5 DUY igeren
filmde belirlenmistir. Sonug olarak, UY iceren HAP filmler yiksek bir SBG' ye sahip olmalarina ragmen, lipit oksidasyonuna duyarli gida maddeleri igin
ambalaj malzemesi olarak kullanilabilirler.

Anahtar kelimeler: Hamsi isleme atigi, protein film, antioksidan kapasite, biberiye ugucu yagi, defne ugucu yagi

INTRODUCTION

Recently, many researchers have started to conduct
researches on biodegradable and/or edible films and coatings
produced from natural polymers, which are generally
comprised of waste products of fishing, agriculture or
livestock raising (Gomez-Estaca et al., 2009). This is thanks
to various advantages of these films and coatings such as
biodegradability, edibility, barrier properties, biocompatibility
and their non-polluting and nontoxic properties (Alparslan et
al., 2014). Moreover, they may be used as carriers for
antioxidants, antimicrobial agents, color, nutrients, spices and
herbs, and may generate localized or delayed activity when
needed (Alparslan et al., 2014; Tural and Turhan, 2017).
Such polymers can be based on lipid, protein, or
polysaccharide: the physical properties of these films may be
highly variable, depending on the kind of polymer employed
(Gomez-Estaca et al., 2009; Pires et al., 2011). Many

researchers have stated that in the development of
biodegradable films, proteins extracted from fish by-products
have been successfully used among these materials (Pires et
al., 2011; Teixeira et al., 2014; Zavareze et al., 2014).
Moreover, it is also vital that fish-processing by-products are
effectively evaluated for the prevention of environmental
pollution as well as achieving high added value products by
increasing the range of products (Zavareze et al., 2014).

Generally, fish protein films are considered as having
limited resistance to water vapor transmission due to being
highly polar polymers and also due to their high level of
hydrogen bonding and hydroxyl groups (Pires et al., 2011;
Rocha et al., 2014). Therefore, researchers have tested many
essential oils and extracts obtained from some plants to
improve these films’ barrier and functional properties. Pires et
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al. (2011) studied biodegradable films, which they prepared
thyme essential oil (TEQO) and hake proteins: as a result, they
found that TEO oil reduced the water vapor permeability and
enriched the antioxidant activity. Arfat et al. (2014) observed
improved water vapor permeability after adding basil leaf
essential oil into composite films of fish skin gelatin (FSG)
blend and fish protein isolate. According to Teixeira et al.
(2014), the addition of origanum, garlic and clove essential
oils to hake by-product protein films decreased water vapor
permeability and broke force and elongation, while increased
their free radical scavenging activity.

Rosemary (Rosmarinus officinalis L.) and laurel (Lauris
nobilis L.), which have a wide area of usage such as
traditional medicines, are naturally grown in Turkey (Alparslan
et al., 2014; Turhan et al., 2009). Various researchers have
mentioned that essential oils and extracts obtained from
rosemary and laurel leaves are effective antioxidants
(Alparslan et al., 2014; El et al., 2014; Gomez-Estaca et al.,
2009; Turhan et al., 2009). The antioxidant capacity of
rosemary comes from its epirosmanol, carnosol, rosmanol,
carnosic acid, rosmaridiphenol, rosmadial, rosmarinic acid,
isorosmanol and rosmariquinone contents (Turhan et al.,
2009), while that of laurel essential oil is related to its eugenol
and methyl eugenol contents (El et al., 2014). The addition of
rosemary (REO) and laurel essential oils (LEO) into anchovy
by-product (ABP) films is expected to give its antioxidant
capacity and also enhance its physicochemical properties.

To our knowledge, there is no study on the
characterization and antioxidant capacity of ABP fims
enriched with REO and LEO in the literature. Hence, this
study aimed to characterize the ABP films enriched with REO
and LEO and to determine their antioxidant capacities.

MATERIALS AND METHODS
Materials

Anchovy (Engraulis encrasicolus) processing by-products
including head, frame and viscera were obtained from Sastas
A.S (Samsun, Turkey) and proteins in by-products were
extracted using the method described by Tural and Turhan
(2017). The obtained anchovy by-product protein (ABP)
powder (10.41£0.09% water, 79.17+1.25% protein,
2.11£0.22% lipid and 5.15+0.03% ash (AOAC, 1990)) was
stored in glass jars at 4°C until film preparation. Dried
rosemary (Rosmarinus officinalis L.) and laurel (Lauris nobilis
L.) leaves collected from different geographical regions in
Turkey were purchased from a local market (Samsun, Turkey)
and authenticated by the experts at the Department of Biology
(Ondokuz Mayis University, Samsun, Turkey). The steam
distillation method was used to obtain the essential oils of
rosemary and laurel using a Clevenger apparatus (Sesim
Kimya Laboratuvar, Turkey) as mentioned Tural and Turhan

(2017). Tween 80 and glycerol were purchased from Merck
(Germany).

Preparation of films

The technique described by Limpan et al. (2010) was
applied by practicing several modifications to prepare the
ABP films. 4.0g ABP was blended with 100mL distilled water,
and the solution pH was calibrated to 11.5 with 5M NaOH.
Then, glycerol was included up to 40% (w/w of ABP) as a
plasticizer, and the solution was homogenized for 5 min at
10,000rpm. Subsequently, it was slowly stirred for 60 min at
85°C to allow film formation, centrifuged for 10 min at 5,000
rpm, filtered to remove undissolved residuals and cooled to
40+2°C. Tween 80 at 0.05% (v/v) of essential oil was added
as an emulsifier to assist essential oil dispersion in the film-
forming solution, then essential oils from rosemary (REO) and
laurel (LEO) at 0 (as control), 0.5, 1.0 and 1.5% (v/v) ratios of
film solution were added to the film-forming solution. These
rates were selected based on the results of the study by Tural
and Turhan (2017). The solution was emulsified for 3 min at
10,000rpm. Finally, the film-forming emulsion (50 g) was put
into acrylic plates (15cm diameter) and left for drying for 24h
at 40°C. Then, the samples of dried films were taken out of
the plates and adjusted to 54% relative humidity for 3 days in
a desiccator at room temperature (approx. 25°C).

Characterization of films

Film thicknesses were measured using a digital
micrometer (Insize, 3101-25A model, China) with a precision
of 0.001 mm. The results were expressed as the mean of ten
measurements on each ftriplicate film sample at different
locations.

The color parameters were measured with Hunter Lab
system using a calibrated Minolta CR 400 chromameter
(Japan) with a standard illuminant D65 and a 10° observer of
2.54 cm aperture size. Hunter L (lightness: 0 = black and 100
= white), a (redness: +a = red and —a = green) and b
(yellowness: +b = yellow and -b = blue) values were
recorded. The results were expressed as the mean of five
measurements on each ftriplicate film sample at different
locations.

The film transparency values were calculated with the
method of Kurt and Kahyaoglu (2014) and the film
absorbance was measured at 600 nm using a UV
spectrophotometer (Helios Gama, England). The samples
were cut into rectangular pieces based on the lateral area of
the spectrophotometer test cell and placed in the test cell.
The reference value was determined from an empty test cell.
The transparency value of the film was calculated by:

Abs
Transparency value = —22°

where Abseoo is the absorbance at 600 nm, and x is the mean
film thickness (mm). According to this equation, higher
transparency values imply lower transparency. All
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measurements were performed on each triplicate film sample
at five different locations.

The water vapor permeability (WVP) values were
obtained by the ASTM E96-05 gravimetric method (ASTM,
2005). The films (14 mm diameter) were sealed in glass cups
containing silica gels (0% RH). They were stored at 25°C in
desiccators containing distilled water (100% RH). The glass
cups were weighed every 1h for 8h and WVP of the films was
calculated by:

X

SBG =~ x
t APXA

where wit is determined according to linear regression
(R2>0.99) from the water absorbed by the system until the
steady-state was reached, x is the mean sample thickness. A
is the film area exposed to moisture transfer
(1.539 x 104 m2), and AP is the partial pressure difference of
the film at 25°C (kPa). All the measurements for each of the
films were completed in triplicates.

The method described by Gennadios et al. (1998) was
used to measure the solubility in water of the different ABP
films. The initial dry matter of the preconditioned film pieces
(20mm x 20mm) was determined by drying in an air-
circulating oven at 105°C for 24h. Afterward, the film pieces
were immersed in 50mL distilled water containing sodium
azide (0.1%, w/v) and stored for 24h at room temperature
(approx. 25°C) under periodic agitation. To determine the
final dry weight, insoluble matter was separated carefully and
left for drying for 24h at 105°C. Solubility was determined as
the percent weight loss of the film pieces from the immersing.
The tests were performed in triplicate.

Tensile strength (TS), elongation at break (EAB) and
elastic modulus (EM) were determined using a texture
analyzer (TA-XT2 Texture Analyzer, UK) according to the
ASTM standard method D882-09 (ASTM, 2009). The films
were cut into strips (1cm x 4cm) and conditioned for 3 days
(54% RH). The distance and force were measured during the
extension of the strips mounted between the grips at 1.5mm/s
until break. TS was calculated by dividing the load at break by
the original cross-sectional area (mm2) of the film. Before
testing, the strip thicknesses were recorded at ten points, and
the cross-sectional area of the film samples was estimated
based on the average values. EAB (%) was calculated by
dividing the elongation at the moment of rupture by the initial
gauge length and then multiplying by 100. Moreover, EM was
calculated by drawing a tangent to the initial linear portion of
the stress-strain curve, selecting any point on this tangent,
and dividing the tensile stress by the corresponding strain.
The results are expressed as the mean of five samples for
each type of film.

The FTIR spectra of the films were recorded at
wavenumber range 650 and 4000cm' using a FTIR
spectrometer (Perkin Elmer, Model Spectrum Two, USA).
Totally 32 scans were carried out at 4cm-! resolution. Before
analysis, a desiccator containing silica gel was used to

condition the film samples at room temperature (approx.
25°C) for 2 weeks to achieve the maximum dehydration of the
films.

Cross-section and surface characteristics of the film
samples were visualized with a scanning electron microscope
(JEOL, JSM-7001F model, Japan) at 10 kV increasing
voltage. Before the visualization process, the samples were
coated with gold-palladium palladium (Quorum SC7620,
Laughton, UK), and photographs were taken at 1500x
magnification.

The calorimetric analysis was performed using a
differential scanning calorimeter (Perkin Elmer, DSC 4000
model, USA). Before analysis, film samples were kept for 2
weeks at room temperature (approx. 25°C) in a desiccator
containing silica gel for dehydrating the films. A sample,
weighing 5mg was put into aluminum pans, sealed, and
scanned under nitrogen at 10 °C/min over the range of -
50/#+120°C. An empty aluminum pan was used as a
reference.

Antioxidant capacity of films

The antioxidant capacity of ABP films enriched with REO
and LEO was determined with methods of ferric reducing
antioxidant power (FRAP) (Gao et al. 2000) and 2,2-diphenyl-
2-picrylhydrazyl (DPPH) scavenging activity (Nakajima et al.
2004). For the FRAP determination, 50 uL film solution
containing 0.15 g film and 1.5 mL methanol was mixed with
0.95mL ferric-2,4,6-tripyridil-s-triazine (TPTZ) reagent (which
was done by mixing 300mM acetate buffer, pH 3.6, 10mM
TPTZ in 40mM HCI and 20mM FeCls at the ratio 10:1:1).
Then, the sample absorbance was read at 593nm after 30
min incubation at room temperature (approx. 25°C) using a
UV-Vis spectrophotometer (Helios Gama, England). FRAP
values were determined according to Trolox standard curves
and expressed as mg Trolox/mL.

For the DPPH scavenging activity determination, 0.15g of
ABP film sample was dissolved in 1.5mL methanol. Afterward,
10uL of film solution was mixed with 40uL of methanol and
1mL of DPPH methanol solution (100uM). Following vigorous
shaking, the mixture was left at room temperature (approx.
25°C) for 30 min and then, the sample absorbance was
recorded at 517nm with a UV-Vis spectrophotometer (Helios
Gama, England). DPPH scavenging activity was calculated
by:

) Aplank— Asa\mple %100

DPPH scavenging activity (%
g g tY( 0 Aplank

where Abiank is the absorbance of the control, and Asampie is the
absorbance of the test sample.

Statistical analysis

Experiments were conducted as triplicates and expressed
as mean + standard deviation. Analysis of variance (ANOVA)
was used to obtain the data and Duncan’s multiple range test
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was used to compare the main differences among the means.
SPSS statistical package program (SPSS 17.0 for windows,
SPSS Inc., Chicago, IL, USA) was preferred for the analysis
with a significance level of 0.05.

RESULTS AND DISCUSSION
Characterization of films

The thickness values of films varied from 0.196 mm to
0.205 mm, and the addition of different essential oils had no
notable effect (p>0.05) (Table 1). According to Tural and
Turhan (2017), the film thickness is influenced by the solid
content of the film-forming solution. The addition of essential
oils to the film-forming solution at low concentrations probably
did not affect film thicknesses. These results were in line with
the findings of Zinoviadou et al. (2009), showing that the
addition of oregano oil at 0.5, 1.0 and 1.5% has no significant
impact on the thickness of whey protein isolate (WPI) films.
Similar results were also detected by Tural and Turhan (2017)
in ABP films containing TEO. However, Jouki et al. (2014)
reported that the addition of thyme essential oil to the film-
forming emulsion led to an increase in the thickness of quince

seed mucilage films, but this effect was only significant at the
highest level of TEO used (2%).

In this study, lightness, redness and yellowness values of
control film, measured as L*, a* and b*, were determined to
be 33.38, 33.66 and 54.15, respectively. Addition of REO and
LEO significantly (p<0.05) affected L*, a* and b* values of
ABP films and in general, L* and b* values decreased as a
function of essential oil amount. Hence, films containing
essential oil at higher amounts became darker and slightly
yellowish as indicated by lower L* and b* values. The films
enriched with both REO and LEO showed higher a* values
when compared to the control film (Table 1). The color
differences produced by REO and LEO are probably caused
by the high-level presence of the phenolic compounds in
essential oils. Similar changes in film color were also
observed by Shojaee-Aliabadi et al. (2014) and Baek et al.
(2018) in k-carrageenan films at different levels of Zataria
multiflora Boiss and Mentha pulegium essential oils and
alginate films containing various concentrations (0%, 0.4%,
0.7%, and 1.0%) of cinnamon essential oils, respectively.

Table 1. Thickness, color and transparency values of anchovy by-product protein films enriched with rosemary and laurel essential oils

Films Thickness, mm 5 Colog g:opertles b Transparency
Control 0.205+0.0102 33.38+1.19d 33.66+1.26° 54.15+1.51° 1.28+0.01d
0.5% REO 0.19940.0032 38.360.10° 38.71+0.36° 60.54+2.06° 1.350.14d
1.0% REO 0.201+0.002a 34.9740.81¢ 38.67+0.092 52.49+2.42¢d 1.630.29¢
1.5% REO 0.197+0.004a 32.70+0.75¢ 38.3240.382 49.18+0.76¢ 1.92+0.072
0.5% LEO 0.198+0.0032 40.32+0.432 35.73+0.10° 66.62+1.712 1.70+0.04be
1.0% LEO 0.196+0.004a 38.3410.150 35.38+0.10° 52.25+0.53¢d 1.7620.10be
1.5% LEO 0.197+0.0022 37.97+0.66° 35.16+0.38° 50.36+1.41¢ 2.1040.052

The results represent means + SD of three replicates. Means in same column with different superscripts are significantly different (p<0.05). L* =
lightness/brightness (100: white, 0: black); a* = redness/greenness (+, red; -, green); b* = yellowness/blueness (+, yellow; -, blue); REO = rosemary essential oil;

LEO = laurel essential oil.

While ABP films that have no essential oil appeared
transparent, the addition and amount of REO and LEO
significantly affect (p<0.05) the transparency values of the
films. The films enriched with both REO and LEO exhibited
higher transparency values compared to the control and in
general, an increase in REO and LEO amounts significantly
(p<0.05) raised the transparency values of the ABP films
(Table 1). Higher transparency values show lower
transparency. Therefore, transparency of the films decreased
as the amount of the essential oils increased, probably
because of an increase in light-scattering caused by oil
droplets in the film network. Generally, the level and particle
size of the dispersed phase affect the light-scattering: with
more droplets, greater intensity in light-scattering and lower
transparency is obtained (Shojaee-Aliabadi et al., 2014). The
results of this study show that films enriched and un-enriched
with essential oils were colored, but they have suitable
transparencies for food packaging. Shojaee-Aliabadi et al.
(2013, 2014) and Tural and Turhan (2017) reported similar
results in k-carrageenan films containing plant essential oils

and in ABP films treated with TEO, respectively. Water vapor
permeability (WVP) values of films changed between 1.54
and 2.08 g.mm/m2.h.kPa, and the addition of REO and LEO
significantly (p<0.05) increased it (Table 2). This increase was
higher in films enriched with REO. Several factors may affect
the WVP of films such as film thickness, the hydrophilic-
hydrophobic ratio of the film components, water sensitivity
and crystallinity (Jouki et al., 2014). The differences in the
hygroscopic nature of the oils might lead to an increase in the
WVP values of the film treated with essential oils causing
different abilities to attract water to the film network.
Additionally, results obtained from SEM images (Figure 2)
and DSC thermograms (Figure 3) showed that REO and LEO
presence led to less crystalline films, causing an increase in
WVP. As known, high crystallinity, polymers are generally
less permeable because of their ordered structure (Jouki et
al., 2014). Results found by Mei et al. (2013) and Tural and
Turhan (2017) showed very good similarity in water chestnut
starch-chitosan films treated with pine needle essential oil
(PNEO) and in ABP films with TEO, respectively. However,
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Zinoviadou et al. (2009) mentioned that the addition of
oregano essential oil (0.5, 1.0 and 1.5%) into the WPI film
matrix did not affect significantly the WVP.

The highest solubility with the percentage of 63.41 was
observed in the control film, whereas films with REO and LEO
showed lower solubility (51.87-57.07%) (Table 2). The
solubility values of ABP films treated with REO and LEO
decreased by 10.00-16.05% and 13.84-18.20%, respectively,
compared to the control. Additive effects on the solubility of

films usually depend on the sort of compounds and
concentrations as well as their natural hydrophilicity and
hydrophobicity indices (Ghasemlou et al., 2013). The
decrease in solubility might be due to the decrease in the
hydrophilic nature of the films and the interaction between the
components of REO and LEO, as well as the hydroxyl groups
of ABP. Similar results were found by Ghasemlou et al.
(2013) in corn starch films incorporated with plant essential
oils and by Shojaee-Aliabadi et al. (2013) in k-carrageenan
films containing Saturaje hortensis essential oil.

Table 2. WVP, solubility and mechanical properties of anchovy by-product protein films enriched with rosemary and laurel essential oils

Films g_mm"lvn‘ff ' Pa Solubility, % TS, MPa EAB, % EM, MPa

Control 1542010 634120447 14620.04° 51.5042.15¢ 107741157
0.5% REO 2,040,042 57.0743 425 0.62+0.015 97 5744 340 2.77+0.25b
1.0% REO 2.08£0.11a 54,994,260 0.60+0.010 99,1643 .44 32740420
15% REO 1.90£0,08° 53.03+2 97bc 0.580.05b¢ 105,404 54° 2.670,06%
05% LEO 1.750.02¢ 54,630,740 0.53£0.02¢ 64.9443.72 3.20£0.10°
1.0% LEO 1.7920,08% 52,861,350 0.47+0.04¢ 72.40+2.09¢ 18740.12¢
15% LEO 1.80£0,020¢ 51.8740.21¢ 0.47+0.01¢ 78.76+4.87¢ 2.20£0.10¢

The results represent means + SD of three replicates. Means in same column with different superscripts are significantly different (p<0.05). WVP = water vapor
permeability; TS = tensile strength; EAB = elongation at break; EM = elastic modulus; REO = rosemary essential oil; LEO = laurel essential oil.

Mechanical features of the film were obtained by using
the values of TS, EAB, and EM. The ABP film without
essential oils had a tensile strength of 1.46 MPa, which
agrees with that found by Tural and Turhan (2017). The
addition of REO or LEQ into the films led to a decrease in TS
and EM values, but an increase in EAB values. TS and EM
values of the samples enriched with REO did not importantly
change after the increase of the essential oil level from 0.5 to
1.5%, but TS and EM values of films treated with LEO
significantly changed after the increase in the level from 0.5 to
1.0% (Table 2). Thus, essential oils led the films to become
weaker, and less resistant to break, depending on the
essential oil level. The partial replacement of stronger
polymer-polymer interactions by weaker polymer-oil
interactions in the film network in the presence of the
essential oil may primarily explain this effect, which, in turn,
may lead to the weakening of the network structure, and
hence the TS of the ABP film. Moreover, a plasticizing effect
was caused by the changes in the interaction balances, even
at small concentrations of essential oils, making the film more
stretchable (high EAB value) (Shojaee-Aliabadi et al., 2013;
Tural and Turhan, 2017). Rojas-Grau et al. (2007) found a
decrease in TS and EM values, and an increase in EAB
values of alginate-apple puree edible films treated with
essential oils (oregano, lemongrass and cinnamon), and this
finding complies with the results of this study. Other
researchers (Ghasemlou et al., 2013; Shojaee-Aliabadi et al.,
2013, 2014; Tural and Turhan, 2017) also obtained similar
results in edible films combined with plant essential oils.

Generally, FTIR spectra of all film samples had similar
major peaks, but the peak amplitudes changed based on the
level of the added essential oils (Figure 1). In all samples, the
band was found at the 1043 cm-! wavenumber, matching to

the OH group, mostly due to the glycerol added as a
plasticizer (Hosseini et al., 2015; Tongnuanchan et al., 2013;
Tural and Turhan, 2017). The amplitude of this peak
decreased with an increase in the level of added essential oils
and this might be attributed to the dilution effect of the
essential oils. A similar peak at the wavenumber of 1042-
1045 cm-* for fish gelatin-chitosan biocomposite films treated
with different concentrations of Origanum vulgare L. essential
oil was reported by Hosseini et al. (2015) and at the
wavenumber of 1043 c¢m- for ABP films enriched with
different concentrations of TEO was reported by Tural and
Turhan (2017). All films showed major peaks at 1540-1547
cm! (amide-Il, arising from bending vibration of N-H groups
and stretching vibrations of C-N groups), 1624-1628 cm!
(amide-I, presenting C=0 stretching/hydrogen bonding
coupled with COO) and 1235-1237 cm! (amide-lll, displaying
the vibrations in plane of C-N and N-H groups of bound amide
or vibrations of CHz groups of glycine) wavenumbers (Arfat et
al., 2014; Tongnuanchan et al., 2013). In general, the
amplitudes of films decreased as the essential oil level
increased and the highest amplitudes for amide-I, Il and Il
were observed in control films. This result could be attributed
to the highest protein content in the control.

In all samples, amide-A peak was observed at 3273-3276
cm’ wavenumber and amide-B peak at 2918-2924 cm-'.
Amide-A peak shows the NH-stretching accompanied by
hydrogen bonding, while amide-B peak shows the asymmetric
stretching vibration of CH and NHs* (Arfat et al., 2014). The
amplitude of amide-A peak decreased when the films were
treated with REO and LEO, especially at 1.5% level. Lower
interaction between ABP confirmed this phenomenon, as
expressed by lower TS with increasing EAB when essential
oils were incorporated at higher levels. Peaks with
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wavenumber of 2851 cm (methylene symmetric C-H
stretching) and 2871 cm-' (methyl asymmetric C-H stretching)
were also obtained in all film samples. The amplitude of peak
at wavenumber 2851 ¢cm-' increased, while the amplitude of
peak at wavenumber 2871 cm-' decreased when essential
oils were added to the films. It was observed that methylene
symmetric stretching bands at approximately 2851 cm' were
present in most lipids, while methyl asymmetric stretching
bands at approximately 2871 cm-' were present in most
proteins (Tongnuanchan et al., 2013). Furthermore, a peak
with 1737 cm-! wavenumber was observed in the films with
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essential oils and the amplitude of this peak increased with
the essential oil amount. This probably presented the C=0
stretching vibration of aldehyde or ester carbonyl groups.
Ketone, ester, and aldehyde are the primary chemical groups
in essential oils (Arfat et al., 2014). However, no peak at 1737
cm* wavenumber was observed in the control. Similar peaks
at 1733-1743 wavenumbers were found by Tongnuanchan et
al. (2014) in fish gelatin films with citronella and basil
essential oils. The FTIR spectra results showed that REO and
LEO addition changed the molecular organization and
intermolecular interaction in the polymer matrix
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Figure 1. FTIR spectra of anchovy by-product protein films incorporated with rosemary and laurel essential oils

The addition and amount of REO and LEO affected the
film structures (Figure 2). The control film gave a
homogeneous and continuous surface, whereas ABP films
enriched with REO and LEO showed a heterogeneous
surface. Also, a great number of granules were observed in
the surface of ABP films with REO and LEO, and in general,
the size of granules increased as the essential oil level
increased. Hereby, the permeability of surface containing
granules facilitated and resulted in an increase in WVP of
films treated with EO. Similar surface images were observed
by Tongnuanchan et al. (2013) in the FSG films with root
essential oils and by Tural and Turhan (2017) in ABP films
treated with TEO. The control film showed a
nonhomogeneous, compact and rough cross-section
structure, while films enriched with REO and LEO showed a
relatively smooth cross-section structure. The presence of
REO and LEO probably led to discontinuance with lipid
droplets or holes present in the protein network and this may
be the reason for the higher WVP values of the films treated
with EOs. Mei et al. (2013) also observed similar results after
adding PNEO to the water chestnut starch-chitosan edible
films. DSC thermograms of all films showed similar behaviour
and exhibited clearly endothermic peaks at the phase-

transition temperature (Tm) ranges of 53.53-56.37 °C. (Figure
3).

These peaks were most probably related to the
denaturation temperature of myosin and actin as observed by
Rocha et al. (2013). These researchers in their studies with
Argentine anchovy (Engraulis encrasicholus) protein isolate
observed the endothermic peak at 62.2 °C. Temperature
differences for endothermic peaks could be attributed to fish
species, kind of muscle and heating conditions. Except films
containing 1.5% LEO, ABP films enriched with REO and LEO
showed slightly higher Tm compared to control film containing
4% ABP and 40% glycerol, which may be by the reason of
more hydrophobic nature and the larger molecular weight of
REO and LEO compared to glycerol. Jouki et al. (2014)
observed similar results in QSM films with thyme and
Tongnuanchan et al. (2014) in fish gelatin films with basil and
citronella. The highest glass-transition temperature (Tg) was
seen in the control film as -24.27 °C and this temperature was
likely associated with Tg of the glycerol-rich phase. The
addition of 0.5% REO and LEO into the ABP films resulted in
lower Tg (-37.08 and -33.82 °C, respectively) (data not
shown).
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However, Tg of films enriched with 1.0 and 1.5% REO  oils improves the weak structure of films (Tongnuanchan et
and LEO most likely became to]? '0‘:“’ to be observed in the 5 2014). In general, the DSC results were also in line with
tested temperature range. For fim flexibility, a lower Tg is the mechanical properties of films (Table 2). An increase in

better. In general, Tg of the protein films increases with an o s ) o
increase in the chain stifiness assisted by interfintra- Tg of edible films with increasing essential ol levels was also

molecular attractive forces; therefore, the addition of essential observed by Jouki et al. (2014).

Figure 2. SEM images of the surface [A) control, B) 0.5% REO, C) 1.0%REO, D) 1.5% REO, E) 0.5% LEO, F) 1.0%LEO, G) 1.5% LEO] and
cross-section [a) control, b) 0.5% REO, c) 1.0%REO, d) 1.5% REO, €) 0.5% LEO, ) 1.0%LEO, g) 1.5% LEO] of anchovy by-product
protein films incorporated with rosemary and laurel essential oils

Control
0.5% REO

1.0% REO
1.5% REO

0.5% LEO

Heat Flow Endo Up (W/g)

1.0% LEO
1.5% LEO
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Temperature (°C)
Figure 3. DSC thermograms of anchovy by-product protein films incorporated with rosemary and laurel essential oils
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Antioxidant capacity of films

Experimental results pointed out that the addition of REO
and LEO significantly (p<0.05) affected FRAP and DPPH
scavenging activity values (Table 3), and the control film
exhibited slight antioxidant capacity (0.91 mg Trolox/mL
FRAP and 0.06% DPPH), probably due to the presence of
free sulfhydryl groups and amino acids such as Trp, Met and
Tyr on ABP as reported by Gencbay and Turhan (2016).

The antioxidant capacity of control ABP film was
considerably improved by incorporating both REO and LEO,
and in general, an increase in REO and LEO levels increased
the antioxidant capacity values of films. Hake protein fims
treated with TEO (Pires et al., 2011) and FSG films
formulated with root essential oils (Tongnuanchan et al.,
2013) showed similar results. However, fims with LEO
exhibited significantly (p<0.05) higher FRAP and DPPH
scavenging activity compared to the films with REO at the
same level. This could be due to various major components of
essential oils, the intensity of possible interactions between
the constituents of film and their phenolic compounds, which
is greater in the samples with REO.

Table 3. Antioxidant capacity of anchovy by-product protein films
enriched with rosemary and laurel essential oils

Films FRAP, mg DPPH §c_avenging
Trolox/mL activity, %
Control 0.91+0.01¢ 0.06+0.034
0.5% REO 1.99+0.13¢ 9.12+0.56¢
1.0% REO 2.09+0.03¢d 9.48+0.79¢
1.5% REO 2.13+0.06bcd 10.05+0.890
0.5% LEO 2.19+0.13b¢ 10.56+0.01°
1.0% LEO 2.27+0.04° 10.71+0.24°
1.5% LEO 2.37+0.062 11.63+0.182

The results represent means + SD of three replicates. Means in same
column with different superscripts are significantly different (p<0.05). FRAP =
ferric reducing antioxidant power; DPPH = 2,2-diphenyl-2-picrylhydrazyl;
REO = rosemary essential oil; LEO = laurel essential oil.
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