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Abstract The aim of this study was to develop and char-
acterize the properties of khorasan wheat starch (KWS)
films containing moringa leaf extract (MLE) as an
antioxidative packaging material. KWS was isolated from
khorasan wheat and used as a film base material. Different
amounts (0, 0.4, 0.7, and 1.0%, w/v) of MLE were added to
the KWS film-forming solution and the film properties
were examined. Tensile strength of the KWS films
decreased and elongation at break increased with increas-
ing MLE content. In addition, the KWS films containing
MLE possessed good antioxidative activities and ultravio-
let light blocking ability. In particular, 2,2’-azino-bis (3-
ethylbenzothiazoline-6-sulfonic acid) and 2,2-diphenyl-1-
picrylhydrazyl radical scavenging abilities of the KWS
films with 1.0% MLE were 59.45% and 37.89%, respec-
tively. Moreover, KWS films containing 1.0% MLE were
biodegradable within 30 days. These findings indicate that
the developed KWS films containing MLE can be applied
as a biodegradable packaging material with antioxidative
activity.
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Introduction

Lipid oxidation in foods negatively impacts visual and
olfactory aspects of foods as well as quality (Barden and
Decker, 2016). Thus, either foods are packaged properly to
prevent lipid oxidation or antioxidants are added (Barbosa-
Pereira et al., 2014). Synthetic plastics, which are mainly
used as food packaging materials, have the advantages of
favorable physical properties and low cost (Raheem, 2013).
However, they can cause significant environmental pollu-
tion. Therefore, the interest in producing packaging mate-
rials with antioxidants or antimicrobials have increased
(Ifuku et al., 2013), and several studies on the production of
environmentally friendly film packaging materials using
biopolymers such as starch have been conducted.

Khorasan wheat is an ancient crop that is resistant to
pests and harsh conditions, while being similar to rye in
appearance and nutrition (Saa et al., 2014). Khorasan wheat
are abundant in starch, a carbohydrate suitable as a base
material for biodegradable films (Sofi et al., 2013). How-
ever, films prepared from biopolymers often have poor
mechanical properties compared to plastic packaging
materials (Niranjana-Prabhu and Prashantha, 2018). Thus,
there have been many studies attempting to improve the
mechanical properties of the biopolymer films (Al-Mulla
et al., 2011).

Synthetic antioxidants, which are mainly added to foods
as additives, are typically avoided due to health concerns.
Therefore, incorporation of natural antioxidants into the
films is needed in order to produce antioxidative films
(Moyo et al., 2012). Among natural antioxidants, essential
oils or plant extracts are typically used due to their
antioxidative properties by way of their polyphenols or
short chain fatty acids content (Aleksic and Knezevic,
2014).
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Moringa belongs to the family of Moringaceae and have
the advantage that all parts including root, stem, flower,
seed, and leaves may be used to create bioactive extracts
(Choi and Jung, 2016; Saini et al., 2016). In particular,
Moringa oleifera leaves contain various polyphenols, gly-
cosylates, and isothiocyanates (Reddy et al., 2012) of
which quercetin and kaempferol are the most abundant and
possess excellent antioxidative and anti-inflammatory
activities (Rodriguez-Pérez et al., 2015).

In this study, moringa leaf extract (MLE) was used to
confer antioxidative activity to khorasan wheat starch
(KWS) films. Thus, the objective of this study was to
develop KWS films containing MLE and to examine the
applicability as a novel antioxidant packaging material.

Materials and methods
Materials

Khorasan wheat (Kamut) and moringa (Moringa oleifera
Lam.) leaf powder were purchased from Haneulsarang Co.
(Incheon, Korea) and Haena Superfood Co. (Seoul, Korea),
respectively. Fructose, glycerol, and sorbitol were obtained
from Sigma-Aldrich (St. Louis, MO, USA).

Isolation of KWS

KWS was isolated according to the method previously
reported by Lim et al. (1992). Khorasan wheat (KW) was
ground with a blender and sieved on a 600 pum sieve. KW
powder in a 0.25% NaOH solution (1:6, w/v) was stirred at
4 °C for 24 h. The mixture was filtered through a 75 um
sieve to remove granules, and the filtrate was centrifuged
(3000x g) at 4 °C for 10 min. Afterward, the supernatant
was discarded and the precipitate was resuspended in dis-
tilled water (DW) and centrifuged again under the same
condition. The above procedure was repeated until the
yellow layer no longer appeared. The white starch pre-
cipitate was then dispersed in DW, neutralized to pH
6.5-7.0 with 1 M HCI, and centrifuged again as above. The
supernatant was discarded while the pure starch was dis-
solved in DW and dried at 45 °C for 24 h. The isolated
KWS was ground, filtered with a 200 pm sieve, and stored
at 4 °C. Amylose content of the extracted KWS was
20.11%, and, besides starch, there were 0.01% crude fat,
0.01% crude protein, 1% ash content, and 10.16% moisture
content.

Preparation of MLE

MLE was extracted following the method previously
reported by Lee et al. (2016). Dried moringa leaf powder
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(100 g) and 70% ethanol (600 mL) were mixed and stirred
at 25 °C for 24 h. After filtration with two layers of
Whatman filter paper No. 2, the remaining solvent was
removed using a rotary evaporator at 50 °C. The filtrate
was filtered once again with two layers of filter paper to
further remove remaining solid and finally lyophilized.
After freeze-drying, the obtained MLE was ground with a
dry mill, sieved with a 600 um sieve, and stored at 4 °C.

Preparation of KWS films containing MLE

The KWS films containing MLE were prepared by the
solvent casting method. Khorasan wheat starch (3.5%, w/v)
and MLE (0, 0.4, 0.7, and 1.0%, w/v) were added to DW.
Sorbitol (40% the weight of starch) was chosen as an
appropriate plasticizer, based on preliminary experiments
using various plasticizers (glycerol, sorbitol, and fructose).
The starch film solution was gelatinized at 85 °C for
30 min with stirring. The gelatinized starch film solution
was then filtered with 10 layers of cheesecloth. After
cooling, the solution was sonicated for 7 min. The final
film solution was cast on polypropylene coated plates
(11.5cm x 14 cm) and dried at 25 °C, 50% relative
humidity (RH) for 16 h.

Mechanical properties

The thickness of the KWS films was measured with a
micrometer (Model 2046-08, Mitutoyo, Tokyo, Japan).
Tensile strength (TS) and elongation at break (E) of the
films were measured with a Testometric machine (M250-
2.5CT, Testometric Co., Lancashire, UK). All films were
cut into 2.54 cm x 10 cm prior to measurements. The grip
distance was 50 mm and the stretching speed of the films
was 500 mm/min for the measurement. The experiment
was repeated three times.

Water barrier properties

Polymethyl acrylate cups were used to measure the water
vapor permeability (WVP) (Lee et al., 2015). Moisture
content (MC) and water solubility (WS) of the KWS films
containing MLE were evaluated following the methods
previously reported by Lee et al. (2016).

Optical properties

To evaluate the color of KWS films incorporated with
MLE, a colorimeter (CR-400, Minolta, Tokyo, Japan) was
used. The L*, a*, and b* values were examined on the
standard plate (L*: 96.79, a*: — 0.15, and b*: 2.00)
according to the CIELAB color scale. The opacity and light
transmittance (200-800 nm) of the KWS films with MLE
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were obtained based on the method reported by Baek and
Song (2018b) using a spectrophotometer (UV-2450, Shi-
madzu Co., Kyoto, Japan).

Atomic force microscopy (AFM)

To investigate the morphology of the film surface, AFM
analysis was carried out with an AFM-Raman spectrometer
(INNOVA-LABRAM HRS800, Horiba Jobin—-Yvon Inc.,
New Jersey, NJ, USA). Three-dimensional images of the
film surface (20 um x 20 um) were obtained and the
roughness of the surface was calculated. With respect to
the surface roughness, Ra was the average of height devi-
ations from a mean surface (Ghasemlou et al., 2013).

Total polyphenolic content

In order to prepare film extract solutions for measurements
of total phenolic content, the film samples (100 mg) were
dissolved in 5 mL DW, vortexed for 3 min, and placed in a
shaking incubator at 37 °C. After 30 min, the solution was
centrifuged (3000x g) at 20 °C for 2 min, the supernatant
was collected and subsequently used for the experiments.
Total polyphenolic content was evaluated using Folin—
Ciocalteu method (Siripatrawan and Vitchayakitti, 2016).
Standard curves were obtained with various concentrations
of gallic acid solution, and total polyphenolic content was
expressed as gallic acid equivalents (GAE) (mg) per film

(@

Antioxidant activities

The antioxidative activities of the KWS films containing
various amounts of MLE were examined using ABTS and
DPPH radical scavenging assays (Kim et al., 2017; Lee
et al., 2016). Film extract solutions were prepared by dis-
solving each film (0.1 g) in DW (10 mL). After 30 min
shaking incubation, the film extract solutions were cen-
trifuged (3000x g) at 4 °C for 5 min and the supernatants
were collected and used for the determination of ABTS and
DPPH radical scavenging activities.

Biodegradability

The biodegradability of KWS films containing 1.0% MLE,
which had the highest antioxidant activity, was evaluated.
Vegetable compost was purchased from Biocom Co.
(Miryang, Korea). The compost was poured into a plastic
tray (12 cm x 18 cm x 5 cm). The films were cut into
2 cm x 2 cm, placed on a plastic mesh, and buried in the
soil. The plastic tray was stored at 25 °C and 70% RH. At
various time intervals (1, 8, 16, and 30 d), samples were

taken out and the biodegradability of the film was
examined.

Statistical analysis

Statistical analysis was carried out using SAS version 9.4
(SAS Institute Inc., Cary, NC, USA) based on Duncan’s
multiple range tests with significance at p < 0.05. The
results are presented as mean =+ standard deviation, and all
experiments were repeated at least three times.

Results and discussion
Preparation of KWS films

To determine the proper plasticizer for the KWS film
preparation, equal amounts (40%) of fructose, glycerol, and
sorbitol were incorporated into the KWS film-forming
solution. Regarding the mechanical characteristics, the
addition of fructose formed a very weak film (TS:
5.45 MPa, E: 3.31%). When glycerol was incorporated into
the KWS film, the TS and E were 23.71 MPa and 7.03%,
respectively, whereas the KWS film containing sorbitol had
28.05 MPa of TS and 26.41% of E. Sorbitol was chosen as
the plasticizer for all future experiments. After choosing
sorbitol as the optimal plasticizer for the KWS film, vari-
ous concentrations (30, 40, and 50%) of sorbitol were
added to the film-forming solution. The KWS film con-
taining 30% sorbitol had a TS-value similar to the film with
40% sorbitol, but a low E value (4.48%) was observed.
Furthermore, the KWS film with 50% sorbitol had a lower
TS (25.20 MPa) than that of the film with 40% sorbitol
(28.05 MPa). Therefore, based on these results, 40% sor-
bitol was found to be an appropriate plasticizer for the
KWS films in this study.

Mechanical and water barrier properties of KWS
films with MLE

The mechanical and water barrier properties of KWS films
with various concentrations of MLE were determined
(Table 1). With the incorporation of MLE, the thickness of
the KWS films increased slightly, and the TS value
decreased, while the E value increased. This may be
explained by MLE hindering intermolecular interactions
between starch molecules and the reduced cohesive forces
in the starch film network, resulting in a reduced TS value.
This tendency was reported in several papers where low
molecular weight materials, such as plant extracts or
essential oils were incorporated into the polymer films
(Medina-Jaramillo et al., 2015; Song et al.,, 2014). In
addition, the increase in E value could be attributed to
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Table 1 Mechanical and water barrier properties of KWS films containing moringa leaf extract

Moringa leaf Thickness Tensile strength  Elongation at Water vapor permeability Moisture Water

extract (%) (mm) (MPa) break (%) (x 107° g/m s Pa) content (%) solubility (%)
0 0.064 + 0.004° 28.05 + 0.89* 26.41 + 2.30° 2.82 + 0.08° 6.09 £ 0.17°  42.09 + 1.82°
0.4 0.071 £ 0.002° 21.74 £ 1.59°  44.09 £ 2.39°  3.09 + 0.02° 6.27 £ 0.41°  43.69 £ 1.52°
0.7 0.075 £ 0.003" 17.44 £+ 1.38°  47.90 £ 334"  3.17 £ 0.08" 6.31 £ 027> 46.93 £ 0.51*
1.0 0.083 & 0.002° 13.10 & 0.44¢ 59.53 + 1.76* 3.53 £ 0.19* 7.57 + 0.46* 49.16 + 1.69°

Mean = S.D.,,n=3

*dAny means in the same column followed by different letters are significantly (p < 0.05) different by Duncan’s multiple range test

intermolecular interactions between starch molecules and
phenolic compounds present in MLE, which may increase
flexibility of starch chains (Homayouni et al., 2017). This
change could be explained by the MLE molecules, which
caused the interactions between starch molecules weak and
had the films more elastic, resulting in the increase in E.

The WVP value of the KWS film was 2.82 x 107°
g/m s Pa, and the WVP values increased with the addition
of MLE (Table 1). MC and WS of the KWS films with
MLE showed similar trends. These results could be
explained by the characteristics of MLE and starch mole-
cules, such as favorable interactions between starch and
water molecules caused by the addition of MLE. In par-
ticular, the phenolic compounds of MLE in the films
affected the interactions between starch and water mole-
cules and caused the increases in WVP, WS, and MC with
increase of MLE content (Pineros-Hernandez et al., 2017).
Similarly, WVP, MC, and WS increased with increasing
content of betel leaf extract added to sago starch films as
previously observed (Nouri and Nafchi, 2014).

Optical properties

The KWS films containing MLE had yellowish green
color, which turned dark green with increasing MLE con-
tent. As shown in Table 2, the KWS films containing MLE
had lower L* values than those of the KWS film without
MLE, indicating that lightness decreased. In contrast, the

addition of MLE resulted in an increase in the yellowness
(b*) values from 1.65 to 43.43. The opacity of the KWS
films increased slightly with increasing MLE content. In
general, the addition of plant extracts to the starch films
decreases L* values and increases opacity. Similar results
were reported with other starch films (Luchese et al., 2018;
Xu et al., 2018).

The results of UV-visible light transmission spectra of
KWS films are presented in Fig. 1. The transmittance
showed a steady decrease in the KWS films with increasing
MLE content. In particular, UV light was completely
blocked by the KWS films with MLE. Souza et al. (2017)
also reported that chitosan films containing plant extracts
had the color of the extract and decreased UV light trans-
mittance. Baek and Song (2018a) reported that the incor-
poration of curcumin to proso millet starch film could
improve the shelf life of foods due to enhanced blocking of
UV light. Thus, the KWS films with MLE could also
prevent lipid oxidation in foods during storage by blocking
UV light.

Film morphology

AFM was performed to compare the morphology of the
film surface. The results were obtained as three-dimen-
sional images (Fig. 2). AFM analysis showed that the Ra
value of the KWS film was 22.9 nm, whereas the Ra value
of the KWS films with MLE was 53.6-73.2 nm (Data not

Table 2 Optical properties of KWS films containing moringa leaf extract

Moringa leaf extract (%) L* a* b* AE Opacity
(A/mm)

0 97.15 £ 0.05* 0.04 £ 0.01* 1.65 4 0.03¢ - 0.43 + 0.22°

0.4 90.82 + 0.05" — 6.03 + 0.05" 25.56 + 0.24¢ 25.47 + 0.24¢ 0.92 +0.11°

0.7 87.78 + 0.13¢ — 6.78 £ 0.01° 34.64 + 0.33° 34.97 + 0.35° 0.95 & 0.05"

1.0 84.48 + 0.23¢ — 6.81 + 0.03¢ 43.43 + 0.45* 44.20 £+ 0.48* 1.41 £ 0.18*

Mean = S.D.,n=3

*dAny means in the same column followed by different letters are significantly (p < 0.05) different by Duncan’s multiple range test
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Fig. 1 UV-visible light transmission spectra of KWS films contain-
ing moringa leaf extract N
shown). These findings indicate that the incorporation of 20 um
MLE increased the roughness of the film surface. However,
there was not a significant difference between the KWS

film with 0.4% MLE and the KWS film with 0.7% MLE,
but there was a conspicuous difference between the KWS
film and the KWS film with 1.0% MLE. The KWS film
without MLE showed uniformly small peaks, whereas the
films containing MLE showed relatively high and aggre-
gated peaks. In addition, the peaks of the KWS films with
MLE became higher with increasing MLE concentration.
This tendency might be attributed to the solid insoluble
particles generated during film preparation when MLE are
added. Medina-Jaramillo et al. (2015) explained that the
roughness of the film surface was mainly due to the
hydrophobicity of the added material. It was shown that
cassava starch film containing basil extract contained
insoluble particles and the hydrophobic particles moved to
the film surface during drying, causing the increase in
roughness of the film surface. Therefore, roughness of
KWS films with MLE could be due to the hydrophobic
particles moving to the film surface during drying.

Total phenolic content and antioxidant activities

Total phenolic content and antioxidative activities of KWS
films containing MLE are presented in Table 3. The TPC
of MLE has been reported to be 118-132 mg/g in the lit-
erature, depending on the extraction and analysis methods
(Pari et al., 2007; Vongsak et al., 2013). As expected, the
total phenolic content increased with increasing MLE
concentration in the KWS films. It should be noted that the
control film without MLE did not have TPC. In addition,
all KWS films containing MLE indicated scavenging
activities for ABTS and DPPH radicals, suggesting that
KWS films incorporated with MLE had antioxidative

-294.9 nm

311.7 nm

: B “‘ ' -
s : 20 pm
(D)

-289.3 nm

Fig. 2 The morphology of KWS films containing moringa leaf
extract. (A) KWS film; (B) KWS-MLE 0.4%; (C) KWS-MLE 0.7%;
(D) KWS-MLE 1.0%

properties. This was especially apparent for the ABTS
assays, where the scavenging activity increased from 34.36
to 59.45% as the concentration of MLE increased from 0.4
to 1.0%. The most important chemicals with antioxidative

@ Springer
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Table 3 Total phenolic contents and antioxidant activities of KWS films containing moringa leaf extract

Moringa leaf extract Total phenolic content (mg GAE/g

ABTS radical scavenging activity

DPPH radical scavenging activity

(%) film) (%) (%)

0 _ _ —

0.4 491 + 0.29° 34.36 + 1.63° 15.25 + 3.52¢
0.7 8.28 + 0.15° 52.31 + 1.33° 30.55 + 0.64°
1.0 10.96 & 0.27% 59.45 + 2.57° 37.89 + 2.47°

Mean = S.D.,,n=5

““Any means in the same column followed by different letters are significantly (p <0.05) different

activity in the plant extracts are polyphenols (Kim et al.,
2017). Therefore, the antioxidative activity of the KWS
films with MLE is related to the number of polyphenols in
the films. MLE contains quercetin and kaempferol (Lee
et al., 2016), as well as isoquercetin and crypto-chlorogenic
acid (Vongsak et al., 2013). Similar to our findings, cassava
starch films containing rosemary extract showed increasing
antioxidative activity with increasing phenolic content
(Pineros-Hernandez et al., 2017). Furthermore, fish gelatin
films also showed increasing ABTS radical scavenging
activity with the incorporation of MLE (Lee et al., 2016).
Taken together, these results suggest that KWS films
containing MLE could be suitable as an antioxidative
packaging material for foods.

Biodegradability of KWS films

Biodegradation experiments were performed and morpho-
logical changes in the films were observed for 30 d
(Fig. 3). In this study, the KWS film containing 1.0%
MLE, which had the highest antioxidant activity, was
selected for biodegradability test. On the eighth day of
storage, partial decomposition of the films was observed,
while the films were almost decomposed on the 30th day
and complete degradation time could be more than
30 days. Overall, the developed KWS films containing
MLE could be disintegrated, suggesting that it is suitable as
a biodegradable packaging. Similar trends have been
reported for starch films containing plant extracts (Assis

Composting time (d)

Fig. 3 Biodegradability of the KWS film containing 1.0% moringa
leaf extract
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et al., 2018; Jaramillo et al., 2016; Pineros-Hernandez
et al., 2017).

In this study, MLE, a natural plant extract, was suc-
cessfully incorporated into KWS films to provide antiox-
idative activity. The KWS films with MLE possessed
excellent free radical scavenging activities, which
increased further with increasing MLE content. Moreover,
the KWS films containing MLE had outstanding UV light
blocking ability. The biodegradability of the KWS films
with MLE was also confirmed and could be more than
30 days. In conclusion, KWS films containing MLE are
applicable as a novel antioxidative biodegradable packag-
ing material to prevent lipid oxidation of foods during
storage.
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