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Abstract

Edible films naturally rich in phenolic compounds were prepared from orange and grapefruit peels. Free and total
polyphenols were determined by Folin-Ciocalteau method and flavonoids were identified and quantified by HPLC in the
manufacturing processes of films. Films from grapefruit and orange peel had 24.95 and 28.18 mg GAE/g (Gallic Acid
Equivalents/g), respectively, retaining more than 50% of total phenolics from the raw material. Hesperidin (33.39 mg/g)
was the main flavonoid in orange peel based films and naringin (31.42 mg/g) in grapefruit peel films. Recoveries of
the identified flavonoids in films were in the range of 31-60%. Residues, mainly those from orange peel process, retained
important fraction of phenolics. Edible films with high levels of polyphenols were manufactured from orange and grapefruit
peel without the addition of external phenolics extracts.
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Resumen

Se fabricaron peliculas biodegradables con alto contenido de compuestos fendlicos a partir de cdscaras de naranja y toronja.
En el proceso de produccién de las peliculas, se determinaron los polifenoles libres y totales por el método de Folin-
Ciocalteau y los flavonoides se identificaron y cuantificaron por HPLC. Las peliculas de cdscara de naranja y toronja
tuvieron 24.95 y 28.18 mg EAG/g (Equivalentes de Acido Gdlico/g), respectivamente, con una retencién de mas del 50%
de los fendlicos totales de las materias primas. El principal flavonoide en las peliculas a base de cdscara de naranja fue
la hesperidina (33.39 mg/g) y, la naringina en las de cdscara de toronja. La recuperacién de los flavonoides identificados
en las peliculas estuvo entre 31-60%. Los residuos del proceso, principalmente los del proceso de cdscara de naranja,
retuvieron una fracciéon importante de fendlicos. Se fabricaron peliculas comestibles con altos niveles de polifenoles a
partir de cdscaras de naranja y toronja sin la adicién de extractos externos de fendlicos.

Palabras clave: céscara de naranja, cdscara de toronja, peliculas biodegradables, compuestos fenélicos, flavonoides.

1 Introduction

There is an increasing interest in the development
of packaging materials from biopolymers, due to their
biodegradability and potential use in the food industry
(Woranuch et al., 2014). Biodegradable films are
made from naturally occurring polymers, as lipids,
proteins and polysaccharides, or from a combination
of them (Rodriguez-Marin et al., 2013; Villagémez-
Zavala et al., 2008).

A current research trend in food packaging
is the incorporation of natural additives in edible
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films. For instance, films with natural antimicrobials
(Hernandez-Ochoa et al., 2011; Romero-Bastida et al.,
2011) and antioxidant compounds (Pereira de Abreu
et al., 2011) have been studied to protect foods from
deteriorative and oxidant reactions (Siripatrawan and
Harte, 2010; Mehdizadeh et al., 2012). Extracts
rich in phenolic compounds have been efficiently
incorporated as natural antioxidants in films made of
starch-chitosan (Mehdizadeh et al., 2012), chitosan
(Siripatrawan and Harte, 2010), gelatin (G6émez-
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Estaca et al., 2009) and soy protein (Pruneda et al.,
2008).

Several authors have studied the use of raw
materials as a source of biopolymers and phenolic
compounds for edible films preparation. Antioxidant
edible films from red seaweed (Cian et al., 2014),
quince seed mucilage (Jouki et al., 2013) and defatted
mustard meal (Kim et al., 2012) have been developed.
Extracts from red seaweed and protein isolates have
also been used to prepare antioxidant edible films
(Blanco-Pascual et al., 2014; Salgado et al., 2012).

Although antioxidant films have been obtained
from raw materials rich in phenolic compounds,
information about the phenolics retention in the films
was not provided. Besides, a detailed tracing of
the bioactive compounds through the film production
process has not been carried out.

Purified pectin is one of the biopolymers that has
been widely used for making edible films (Alves et
al., 2010; Bagliotti Meneguin et al., 2014; Bierhalz
et al., 2012; Galus and Lenart, 2013; Otoni et al.,
2014). Pectin is a polysaccharide of the cell wall
of plants and it is commonly extracted from peels
of citrus as oranges and grapefruits (Mariniello et
al., 2010; Yapo, 2009). Apart from being rich in
pectin, orange and grapefruit peels have also important
amounts of antioxidant compounds as flavonoids and
other polyphenols (Wang et al., 2008).

Considering that edible films can be obtained from
orange and grapefruit peel extracts without pectin
purification (Mujica-Paz er al., 2011), and that citrus
peel contains high levels of active compounds (Wang
et al., 2008), films from citrus peel could retain these
valuable compounds after manufacturing process. The
objective of this work was to determine total and
free phenolics, and the flavonoids profile through the
preparation process of pectin films from orange and
grapefruit peel.

2 Materials and methods

2.1 Reagents and standards

Gallic acid, hesperidin, naringin, formic acid solution,
dimethyl sulfoxide (DMSO) and Folin-Ciocalteau
reagent were purchased from Sigma-Aldrich Corp
(St. Louis, Missouri, USA). Methanol HPLC grade
were obtained from Honeywell Burdick and Jackson
(Muskegon, Michigan, USA), HCI and Na;CO3 from
CTR Scientific (Monterrey, Nuevo Ledn, México). All
other chemicals were analytical grade.

2.2  Raw material

Mature oranges (Citrus sinensis var. March) and
grapefruits (Citrus paradisi var. Doble Rojo) without
wax or colorant coating added, were obtained from
Distribuidora Mexicana de Citricos, S R. L. de C. V.
(Montemorelos, N. L., México). Citrus fruits were
washed, cut in half and squeezed. Pulp was manually
removed from peels and peels were frozen and stored
in sealed plastic bags at -18°C until further use.

2.3 Film preparation

Films were prepared according to Mujica-Paz et al.
(2011), a process that has been widely studied in our
group and it is patent pending. A flow diagram of the
films production process is shown in Fig. 1. Peels (P)
of each citrus were thawed, cut in small pieces and
microwave blanched (LG, MS2047GR, Englewood
Cliffs, NJ, USA) for 1 min. Afterwards, each
citrus peel was milled in a blender (Osterizer, 450-
10, Miami, FL, USA) with aqueous ethanol solution
(15%, v/v) in a 1:2 or 1:3 ratio of peels to solution
for grapefruit and orange peels, respectively. Purees
(Pu) of each citrus peel were homogenized (IKA, Ultra
Turrax T-25, Wilmington, NC, USA) and stored at
4°C overnight. Pectin extraction was done by adding
ethanol solution to the puree to adjust the ratio of peels
to ethanol solution to 1:10. Glycerol was incorporated
as plasticizer (0.625 and 1.25% w/w, for grapefruit and
orange peel, respectively) and pH was adjusted to 1.5
with 1 M HCI. Mixtures were heated and stirred at
90°C for 30 minutes, and then filtered through double
cotton cloth. The filtrate was maintained at 70°C
with continuous stirring to concentrate it up to 12.2
(orange) or 15.6 °Brix (grapefruit).

The concentrates were placed on glass plates
and laid down with a film applicator (QPI-MAFA3,
Qualtech Products Industry, CO, USA). Film forming
solutions were dried at room temperature (23.5 +
1.5°C) for 36 h and edible films (F) were separated
from glass plates. Peels, puree, retentate (R, particles
that remained on the cotton cloth after filtration) and
edible films of each citrus were placed in an oven and
maintained at 35°C for 24 hours, grounded and stored
in tubes at -18°C until analysis.

2.4 Solids mass balance

The mass balance was calculated by recording the
weight of the streams of each process. The solids
content of the streams was determined gravimetrically
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Fig. 1. General process for edible films production
based on orange and grapefruit peel.

after drying samples for 24 h at 105°C. The mass
balance in the processes was established for batches
of 100 g of solids fed (in peels or purees).

2.5 Free and total phenolic compounds
determination

The extraction process of the free and total phenolics
was adapted from Vinson ef al. (2001). Samples
of 50 mg of peel or puree, or 25 mg of retentate or
films, were put in glass tubes. For free phenolics
(FP) extraction, 2.5 mL of methanol:water (1:1,
v/v) solution were added. For total phenolics (TP)
extraction, 2.5 mL of HCI (1.2 M) in methanol:water
(1:1, v/v) was added. Samples were vortexed (VWR,
model 945303, Radnor, PA, USA) at 3000 rpm for 1
min and then placed in a water bath (Fisher Scientific,
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model 102, Pittsburgh, PA, USA) for 3 hours at 90°C,
vortexing every 30 min. Samples were cooled at room
temperature. After centrifugation (IEC, Centra MP4R,
Thermo Fisher Scientific Inc., Waltham, MA, USA) at
4310 g for 10 min at 4°C, supernatants were collected
and made up to 5 mL with methanol.

Free and total phenolics were determined using
the Folin-Ciocalteau method (Escobedo-Avellaneda et
al., 2014). In this assay, 50 uL of blank, standard
solutions of gallic acid (50, 100, 150, 200, 250, 300
ppm) or processes samples were mixed with 650 uL.
of water and 50 L of Folin-Ciocalteau reagent. After
5 min, 250 uL of 1N NayCO3 were added and samples
were incubated at 37°C for 2 h. The samples were
transferred to a 96 microwells plate (Corning Costar,
Tewksbury, Massachusetts, USA) and absorbance was
measured at 765 nm in a microplate reader (Synergy
HT, Bio-Tek, Winooski, VT, USA). Concentration was
expressed as mg of gallic acid equivalents (GAE)/g,
dry basis.

For the mass balance of phenolics, the
concentration of these compounds and the solids
content in the streams were used, considering 100
g of solids in the inflow streams (P and Pu).

2.6 Flavonoids analysis by HPLC

The method described by Escobedo-Avellaneda et al.
(2014) was slightly modified for flavonoids analysis.
Four hundred microliters of methanol:DMSO (1:1,
v/v) were added to 25 mg of sample, sonicated for
10 min (VWR, model 50 T, Radnor, PA, USA) and
centrifuged (Eppendorf, 5810R, Hamburg, Germany)
at 18000 g for 10 min. Supernatants were collected
and pellets were extracted twice with 2 mL of
methanol:DMSO (1:1; v/v) and centrifuged at 18000
g for 10 min. Supernatants were mixed and diluted
to 1 mL with methanol HPLC grade. Samples were
filtered through a 0.45 ym membrane filter and mixed
with water (1:1, v/v) before use.

Reversed-phase HPLC was used to determine
flavonoids profile in the processes streams, with an
Agilent equipment (1200 series, Santa Clara, CA,
USA) with PDA detector and a Zorbax SB-CI18
column (100 mm large, 3 mm internal diameter,
3.5 um). The mobile phase consisted of (A) 0.1%
formic acid (aqueous) and (B) methanol. The gradient
elution was performed as follows: 0-3 min: 20%
B; 3-10 min, linear to 55% B; 10-15 min: 55%
B; 15-20 min, linear to 90% B; 20-36 min, 90%
B; and 9 min of post-time. Two microliters of
sample were analyzed at 35°C with a mobile phase

569



Herndndez-Carrillo et al./ Revista Mexicana de Ingenieria Quimica Vol. 14, No. 3 (2015) 567-578

flow of 0.4 mL/min. Compounds detection was
carried out at 280 nm, and the identification was
based on retention times and absorption spectrums
of hesperidin and naringin standards, and of stored
standards in the HPLC computer. Quantification of
flavonoids in orange and grapefruit samples was based
on calibration curves of hesperidin (10 points of 2-
600 ppm, R? >0.999) and naringin (9 points from 5
to 300 ppm, R*> >0.999), respectively. Results were
expressed as mg of hesperidin or naringin equivalents
per gram of dry sample. For the mass balance of
flavonoids, their concentration and the solids content
in the stream were used, considering 100 g of solids in
the inflow streams (P and Pu).

2.7 Statistical analysis

Unless otherwise indicated, results were expressed
as mean =+ standard deviation (S. D.) of three
determinations. Data were analyzed using Minitab
14 by the Tukey’s test and p values < 0.05 were
considered significant.

3 Results and discussions

3.1 Mass balance of solids

The dried solids balance of each film production
process is shown in Table 1. Almost half (49.6 +
0.1%) of the solids in orange peel occurred in the films,
whereas 44.6 + 0.2% occurred in the retentate. About
6% of the solids in orange peel were lost during films
manufacturing.

A total of 87.3% of the solids from grapefruit peel
were obtained in the outflow streams, with 58.5 +
0.1% in the films and 28.8 + 0.2% in the retentate.
Therefore almost 13% of the solids were lost. The
solids losses in both processes might be due to
leftovers of the streams on surfaces of the labware used
during films manufacturing.

Orange retentate had more solids than grapefruit
retentate, indicating that grapefruit peel puree might
have smaller particles. This could be caused by
differences in the firmness of the citrus peels (Aluja et
al., 2011) and in the used ratios during peel grinding.
Particle size is a factor that has been reported as
significant in phenolics extraction (Luthria, 2008).
Moreover, films from grapefruit peel had higher mass
of solids than orange peel films, which could lead to a
higher phenolics retention.

3.2 Phenolic compounds
3.2.1 Orange peel process

The free and total phenolics concentration in peels,
puree, retentate and films from orange are reported
in Table 2. FP concentration ranged from 20.98 =+
0.67 to 23.56 = 0.63 mg GAE/g and TP concentration
was between 22.92 + 0.64 and 28.18 + 0.30 mg
GAE/g in the different orange streams, where films
exhibited the highest FP and TP concentration.
Significant differences (p <0.05) were not observed
in concentration or mass of FP or TP between orange
peel and puree (Table 2).

The TP concentration of orange peel (Table 2)
was slightly lower than that reported by Lagha-
Benamrouche and Madani (2013) in orange peel
(Thompson Navel) (25.6 mg/g, db). TP concentrations
of about 6.2-6.5 mg/g in orange flavedo (Washington
Navel) (Ramful et al., 2010) and of 5.53-7.30 mg/g
for Valencia orange albedo and flavedo (Escobedo-
Avellaneda et al., 2014) have been reported (both
values on wet basis, wb). The TP concentration in
orange peel was 6.97 mg/g of fresh peel, which was
similar than those mentioned above.

The phenolic compounds were present mainly in
free form (Table 2), with about 80% of the TP in
orange peel. Escobedo-Avellaneda et al. (2014) also
obtained higher fraction of FP than bound phenolics,
in orange flavedo (65-77%) and albedo (71-79%). The
obtained levels of FP in orange peel were higher than
the previously reported (Escobedo-Avellaneda et al.,
2014) probably because slow freezing of the peels
could form large ice crystals that damage cellular
structures (Sun and Li, 2003). These damages might
have allowed the release of some of the bound
phenolics, increasing the FP concentration.

The mass balances of phenolics in fabrication of
films from orange peels (Table 2) indicated that the
fraction of FP and TP was slightly higher in films
(>50%) than in retentate (<50%). However, the
retentate had an important mass of phenolics, so this
stream could be used as source of phenolics that
inclusive could be added to the films to enhace their
antioxidant content.

3.2.2 Grapefruit peel process

In the process of film manufacture from grapefruit
peel, the FP concentration ranged from 10.77 + 0.24
to 17.46 + 0.62 mg GAE/g, and of TP from 11.98 +
0.33 to 24.95 + 0.33 mg GAE/g (Table 2). Retentate
had the lowest concentration and mass of both types of
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phenolics, while films exhibited the highest ones. The
fraction of free phenolics in grapefruit peel was about
90% of the TF.

Significant differences (p <0.05) were not detected
in concentration or mass of total phenolics after
grapefruit peel grinding. However, FP concentration,
and therefore the mass, presented a slight reduction in
puree possibly by oxidation reactions during storage
of puree overnight at 4°C, as the polyphenols are
substrates for many oxidoreductases (Robards et al.,
1999). This FP reduction was also probably due to
the low ascorbic acid content of grapefruit peel that
would be unsufficient to inhibit polyphenoloxidase and
consequently, phenolics degradation (Manthey and
Grohmann, 1996; Nagy, 1980).

In this process, 253.81 + 88.09 and 153.73 +
129.43 mg GAE of FP and TP, respectively, were lost.
The retention of polyphenols in films was about 65%
of FP and 75% of TP, with respect to the mass of these
compounds in grapefruit peel.

3.2.3 Orange and grapefruit processes

Comparison of both processes showed that orange peel
had higher mass of FP and TP than grapefruit peel.
Previous studies have also showed higher levels of
phenolic compounds in orange peel than in grapefruit
peel (Gorinstein ef al., 2001; Goulas and Manganaris,
2012; Guimaraes et al., 2010). The mass of both types
of phenolic compounds (FP and TP) in the retentate
of grapefruit peel was significantly (p <0.05) lower
than in the orange peel retentate. Grapefruit peel films
had less FP mass than orange peel films, but there was
not significant difference in TP concentration in both
films. This might be due to both, a higher fraction of
bound phenolics (Table 2) and a higher mass of solids
in grapefruit films than in orange peel films (Table 1).

The extraction conditions used for fabrication
of films from citrus peels and some conditions for
phenolics extraction are similar (Li et al., 2006;
Vinson et al., 2001). This enabled an important
recovery of citrus peel polyphenols in film forming
solutions during films manufacturing. For example,
phenolics have been extracted from citrus peels for 3 h
with 20% aqueous ethanol at 80°C (Li et al., 2006) and
from the edible portion of citrus fruits with acidified
methanol:water (1:1) at 90°C (Vinson et al., 2001).

Thereby, manufacture of films from citrus wastes
could be easier and cheaper than the actual methods
that use purified biopolymers and phenolic rich
extracts to develop antioxidant films.

Table 1. Mass balance (g) of dried solids in the
manufacturing of edible films from citrus peel.

Stream Orange Grapefruit

Peel 100.0+0.3 100.0 £ 0.0
Puree 100.0+ 1.2 100.0 £ 0.6
Retentate 44.6 +0.2 28.8+0.2
Films 49.6£0.1 58.5+0.1

3.2.4 Phenolic compounds in edible films

The performed analysis through the process indicated
that films from orange and grapefruit peel had high
levels of total phenolic compounds (24.95-28.18
mg/g) coming from the fruit peels. These levels
are comparable to those of films containing extracts
rich in phenolic compounds (Mehdizadeh er al.,
2012; Siripatrawan and Harte, 2010). Starch-chitosan
films incorporated with 2% of Thymus kotschyanus
essential oil (Mehdizadeh et al., 2012) presented
a total phenolic content of approximately 13 mg
GAEFE/g. Siripatrawan and Harte (2010) made films
from chitosan with 20% of green tea extract, achieving
a total phenolics content of 33 mg/g of film.

Total phenolic concentration of films from citrus
peels was also in the range of films made with different
extracts from red seaweed (Blanco-Pascual et al.,
2014), whose concentrations were from 6.08 to 41.32
mg GAE/g. However, the films with the highest
concentration of polyphenols were prepared by adding
an aqueous extract with high content of TP (28.53
mg GAE/g), which was obtained from the same raw
material.

The obtained films from orange and grapefruit
peels could have elevated scavenging activity due
to their phenolic compounds content. = The TP
content of films enriched with phenolic extracts
was strongly related to the antioxidant activity of
the films, measured by DPPH (1,1-diphenyl 1-2-
picrylhydrazyl) scavenging activity (Mehdizadeh et
al., 2012; Siripatrawan and Harte, 2010). The TP
concentrations in orange and grapefruit peel films
(Table 2) were similar to the TP concentrations
of citrus peels (25.6-31.62 mg GAE/g) with high
antioxidant activity (81.7-88.0%) reported by Lagha-
Benamrouche and Madani (2013), where a strong
correlation was observed.

Orange and grapefruit peel films have potential to
be used as antioxidant packaging. For example to
reduce the lipid oxidation and to avoid the oxygen
negative effect on the color of meat and fish products
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Table 2. Concentration and mass® of free (FP) and total phenolics (TP) in the manufacturing process of edible

films from citrus peel.

Stream Concentration (mg GAE?/g, db“)  Mass (mg GAE)
FP TP FP TP
Orange
Peel 21.18£0.27*  22.92 +0.64° 2117.63 £32.86° 229224 +70.77°
Puree 20.98 +£0.67*°  23.33+0.53" 2098.24 £91.51°  2332.96 +81.18"
Retained  22.69+0.39°  25.51 +0.63° 1011.55+21.94°  1136.94 + 74.80°
Films 23.56+0.63°  28.18+0.30° 1169.49 +32.80°  1397.47 + 34.15°
Grapefruit
Peel 15.67+0.414  19.58 +0.51¢ 1567.37 +41.24%  1958.36 + 51.68¢
Puree 1429+047°  19.01 £0.29¢ 1429.29 £56.25°  1900.74 + 41.23¢
Retained  10.77 024"  11.98+0.33¢ 310.66 + 9.36"  345.41 +42.59°
Films 17.46 £0.62¢8  24.95+0.33° 1021.00 +37.49° 145922 +35.16°

572

4Mass balance is based on 100 g of dried solids in inflow streams (peel and puree). °GAE,
gallic acid equivalents.“Dry basis. “®*Means with different superscripts in the same column

are significantly different at p < 0.05).

(Kim et al., 2012; Pereira de Abreu et al., 2010; Qin et
al., 2013), and to prevent the enzymatic browning and
the vitamin C loss in vegetables and fruits (Bonilla et
al., 2012; Tapia et al., 2008; Pérez-Gago et al., 2006).

3.3 Flavonoids

3.3.1 Orange peel process

Representative HPLC chromatograms of the flavonoid
profiles in samples of the process based on orange
peel are given in Fig. 2. The identified flavonoids
in peel, puree, retentate and films from orange
(Fig. 2) were two flavanone glycosides (hesperidin
and didymin) and three polymethoxylated flavones
(sinensetin, auranetin and nobiletin). These flavonoids
have been found before in orange peel (Escobedo-
Avellaneda et al., 2014; Li et al., 2006; Nogata et al.,
2006; Ramful ef al., 2010; Wang et al., 2008).

The concentration and mass of all identified
flavonoids in samples from orange peel did not present
significant differences (p <0.05) between peel and
puree (Table 3). Hesperidin was the main flavonoid
in orange peel, which is in accordance with Ramful
et al. (2010) and Wang et al. (2008), and also in the
others streams (Pu, R and F).

Polymethoxylated flavones were more
concentrated in films than in retentate, while
flavanones glycosides were more concentrated in R
than in F. Hesperidin was the only flavonoid whose
concentration significantly decreased in the films, with

respect to the peel.

The concentration of hesperidin in orange peel
(53.77 + 2.26 mg/g) was similar to that of orange
albedo reported by Escobedo-Avellaneda et al.
(2014) (about 50 mg/g), where a direct correlation
with the antioxidant activity was observed. The
antioxidant activity of those samples was between
85.67 and 154.84 mmol TE/g (Trolox Equivalents), for
concentrations of hesperidin between 17 and 50 mg/g,
approximately (Escobedo-Avellaneda et al. 2014).
Hence, the developed films could have antioxidant
activity.

Films had lower mass of the flavanone
hesperidin than the retentate, but higher mass of the
polymethoxylated flavones. The mass of sinensetin,
auranetin and nobiletin in films was about 58, 54 and
54% of the original mass of each flavonoid in orange
peel, respectively. The recovered mass of hesperidin
and dydimin in films was approximately 31 and 43%,
respectively. The retentate had about 50% of the
mass of the identified flavonoids, while the mass that
remained in the films was about 33%. Therefore, the
mass loss of the identified flavonoids in the process
based on orange peel was approximately 17%. The
fraction of flavonoids retained in films was mainly
due to hesperidin, since its concentration was much
higher than the concentration of the other identified
flavonoids. The retentate, which is the residue of
the process, could still be used as source of natural
antioxidants because of its high fraction of flavonoids.
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Fig. 2. HPLC chromatograms at 280 nm of orange peel (A), puree (B), retentate (C) and films (D). Hesperidin (1),
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Table 3. Concentration and mass” of flavonoids in the manufacturing of edible films from orange peel.

Stream Hesperidin Didymin Sinensetin Auranetin Nobiletin
Concentration®
Peel 53.77 £2.26° 3.08 £ 0.28° 1.06 £ 0.05° 0.49+0.03*  1.76 +0.08"
Puree 55.17 + 1.84° 3.25+0.13 1.03 +0.02° 0.47+£0.04°  1.72+0.06"
Retentate 61.68 +0.07° 3.22 4 0.05° 0.72 +0.05° 0.39+0.03°  1.27+0.08
Filngs 3339+ 1.31° 2.62+0.29° 1.23 +£0.03° 0.53+0.01°  1.84+0.06
Mass
Peel 5376.20+£211.26" 308.03 +£27.38" 10638 +5.09° 49.24+2.88"  175.56+ 7.32°
Puree 5516.93 +199.45" 32534+ 13.63* 103.27+2.57° 47.00+3.65° 171.66 + 3.65°
Retentate 2749.29 + 15.87°  143.71+ 2.96° 32.17+42.22°  1749+145°  57.07+3.66°
Films 1657.54 + 72.65°  130.07+14.90°  61.28+1.88° 26.16+0.60°  94.31 +3.43°

AMass balance is based on 100 g of dried solids in inflow streams (peel and puree). ®mg hesperidin
equivalents/g of sample, dry basis. “mg hesperidin equivalents. * *Means with different superscripts in the same
column for concentration or mass are significantly different at p < 0.05.

Table 4. Concentration and mass? of flavonoids in the manufacturing of edible films from grapefruit peel.

Stream Naringin Didymin Nobiletin
Concentration”
Peel 4758 £1.31° 4.90 +0.22° 0.47 +0.02°
Puree 4223 +£0.28° 4.10+0.06" 0.44 +0.01°
Retained 5.08+0.07° 1.21%%x* ND
Films 31.42+0.55¢ 4.50 +0.05¢ 0.49 + 0.05°
Mass®
Peel 4758.46 + 132.74"  490.00 £22.49"  46.89 +2.07"
Puree 422269+ 29.35°  409.73+ 639"  43.72+1.36°
Retained 14656+ 2.85° 3496+ 1.73° -
Films 1837.48 + 46.78° 26299+ 524° 28.57+3.19"

#Mass balance is based on 100 g of dried solids in inflow streams (peel
and puree). ®mg naringin equivalents/g of sample, dry basis. “mg naringin
equivalents. *“Means with different superscripts in the same column for
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concentration or mass are significantly different at p < 0.05.

3.3.2 Grapefruit peel process

The flavanone glycosides naringin and dydimin, as
well as the polymethoxylated flavone nobiletin, were
the identified flavonoids in peel, puree and films from
grapefruit (Fig. 3A, 3B, 3D). Nogata et al. (2006) and
Zhang et al. (2011) also identified these flavonoids in
grapefruit peel. Didymin was identified in two of three
retentate samples, while nobiletin was not found in any
of the analyzed samples of the retentate (Fig. 3C).

Table 4 shows the concentration and mass balance
of the identified flavonoids in peel, puree, retentate and
films from grapefruit. Puree presented a concentration
and mass reduction of naringin and didymin with
respect to peel, possibly because of oxidation reactions
(Robards et al., 1999), which was reflected in
concentration and mass reduction of FP (Table 2). The
concentration of nobiletin was the same in grapefruit
peel, puree and films. All the identified flavonoids
presented the lowest concentration in R.

The concentration of naringin in grapefruit peel
was at least two fold higher than the values reported
(10.26-15.7 mg/g) by Goulas and Manganaris (2012)

for other grapefruit varieties, being the most abundant
flavonoid in this citrus peel. A direct correlation
of grapefruit flavonoids concentration and antioxidant
activity was also reported (Goulas and Manganaris,
2012).

The mass balance in the development of edible
films from grapefruit peel (Table 4) indicated a
significant (p <0.05) loss in the flavonoids mass at the
end of the process, probably due to their degradation
and to the solids lost during manufacturing. Films
retained about 39% of the naringin from grapefruit
peel, 54% of didymin and 60% of nobiletin. In
general, grapefruit films retained approximately 40%
of the identified flavonoids, while the retentate
conserved 3.4% of them.

3.3.3 Orange and grapefruit processes

Although losses of flavonoids in the process based
on grapefruit peel were high (57%, approximately),
the films obtained by this process retained a higher
percentage of the flavonoids (=40%) from the raw
material than the films from orange peel (=33%).
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Fig. 3. HPLC chromatograms at 280 nm of grapefruit peel (A), puree (B), retentate (C) and films (D). Naringin (1),
didymin (2) and nobiletin (3).
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In both processes, although polymethoxylated
flavones (auranetin, sinensetin and nobiletin) showed
higher degree of retention in films than flavanone
glycosides (naringin, hesperidin and didymin), the
mass of the latter was higher.

Conclusions

Films from orange and grapefruit peel retained
more total phenolic compounds (>50% and >70%,
respectively) than retentates (<50% and <20%,
respectively).  However, rententates still had an
important fraction of phenolics, especially orange
peel retentate, which could also be recuperated and
used as natural antioxidant in different applications,
including their addition to films. The high content
of flavonoids (mainly hesperidin and naringin) and
other polyphenols in the films could provide them
with important antioxidant properties which help in
preservation of foods susceptible to oxidation.
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