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In this study, jambolan and grape juices were used to produce polysaccharide-based edible films by the 
solvent-casting technique. The polysaccharides used were carboxymethyl cellulose, hydroxypropyl 
methyl cellulose, high-methoxyl pectin, low-methoxyl pectin, sodium alginate, and locust bean gum. 
The films exhibited good mechanical resistance and flexibility, with tensile strength (8 to 28 Mpa), 
elongation at break (6 to 36%), adhesion force (0.4 to 1.4 N), swelling index (1.0 to 2.3), and 
disintegration time (0.5 to 60 min) that varied as a function of the polysaccharide and the fruit juice 
used. The surface pH was, respectively, ~5.5 and ~4.6 for the films produced with grape and jambolan 
juices, regardless of the polysaccharide used. All films presented the typical color of the fruit juices, 
which was characterized by the L*, a* and b* parameters. The films produced with jambolan juice had 

the higher anthocyanin content (3.4 mg/g, d.b.) and antioxidant capacity (198 Mol Trolox equivalent/g, 

d.b.) when compared to those produced with grape juice (0.28 mg/g and 85 Mol Trolox equivalent/g, 
d.b.). The results are interesting for the food industry, specifically in edible or biodegradable films 
production, since alternative fruit juices can be used in food formulations and their natural compounds 
can replace synthetic additives.  
 
Key words: Alternatives fruits, Syzygium cumini L., Vitis vinifera L., antioxidant, anthocyanin, natural colorants. 

 
 
INTRODUCTION 
 
Edible films can be produced from polysaccharides as 
cellulose or starch derivatives, pectin, pullulan and gelatin 
(Borges et al., 2015; Prajapati et al., 2018; Tedesco et 
al., 2017). Many synthetic additives can be used for the 
formulation of edible films, including plasticizers, 
colorants, stabilizers, salivary secretion stimulants, buffer 
systems, sweeteners, taste masking agents, and 
palatability enhancers (Borges et al., 2015; Silva et al., 
2015). Fruit juices contain mainly  sugars,  organic  acids, 

phenolic compounds, vitamins and mineral elements, 
among others (Coelho et al., 2016; Gurak et al., 2010) 
and can be used in the formulation of edible films. Thus, 
glucose and fructose can contribute to the film sweetness 
and act as a matrix plasticizer, due to its low molecular 
weight (Olivas and Barbosa-Cánovas, 2008; Santacruz et 
al., 2015). Organic acids, besides contributing to the 
organoleptic characteristics of the films, can also act as 
salivary secretory  stimulants.  Phenolic  compounds  and 
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Table 1. Physicochemical characteristics of jambolan and grape juices. 
 

Characteristics*  Jambolan juice Grape juice 

pH 3.88±0.01 3.03±0.02 

Acidity (g/g, d.b.) 0.051±0.001 0.034±0.001 

Reducing sugars (g glucose/g, d.b.) 0.24±0.01 0.80±0.02 

Anthocyanins (mg/g, d.b.) 5.48±0.02 0.40±0.01 

Antioxidant activity (Mol TE/g, d.b.) 241.27±17.39 89.83±0.49 
 

*Acidity expressed as grams of tartaric acid for grape juice, and grams of citric acid for jambolan juice. TE 
- Trolox Equivalent. 

 
 
 

anthocyanins can confer an attractive color and 
astringency, and provide antioxidant properties to the 
films.  

Jambolan (Syzygium cumini L.) is an Asian native fruit, 
found in Brazil as an ornamental tree (Tavares et al., 
2016). Its high anthocyanins content imparts an intense 
and attractive purple color to the bark (Silva et al., 2018) , 
as well as potential biological activities, including 
antioxidant capacity, anti-inflammatory properties, 
antibacterial, anti-ulcerogenic, cardioprotective, anticancer, 
anti-allergic properties, anti-diabetes effect, among others 
(Singh et al., 2018; Tavares et al., 2016). Grape juice is a 
product with high antioxidant potential, capable of 
combating the oxidative processes in the body (Mendes 
Lopes et al., 2016; Cosme et al., 2018). Studies have 
shown that its consumption can positively affect the risk 
factors associated with cardiovascular health, cancer, 
neurodegenerative diseases, and age-related cognitive 
decline (Blumberg et al., 2015; Vislocky and Fernandez, 
2010; Wightman and Heuberger, 2015). Thus, the aim of 
this study was to use fruit juices (jambolan and grape) in 
the development of polysaccharides edible films.  

 
 

MATERIALS AND METHODS 

 
Polysaccharides 

 
Sodium carboxymethylcellulose (CEKOL 150, CPKelco, Brazil); 
hydroxypropyl methylcellulose (Benecel K4M PHARM, Ashland, 
Brazil); high-methoxyl pectin (GENU Pectin D Slow Set Z, CPKelco, 
Brazil); low-methoxyl pectin (GENU Pectin LM-102-AS-Z, CPKelco, 
Brazil); sodium Alginate (CAS 9005-38-3, Dinâmica Química, 
Brazil); and locust bean gum (GENU-GUM RL 200 Z, CPKelco, 
Brazil) were used.  

 
 
Fruit juice extraction 

 
Jambolan juice in natura was extracted from ripened jambolan fruits 
collected at State University of Campinas, Campinas - SP, Brazil, 
22° 81’ 95” S, 47° 06’ 49. The fruits were sanitized with sodium 
hypochlorite solution (50 mg/L; 15 min) with a subsequent water 
rinse. The fruits were pulped in a brush-type pulping machine 
(Sterling Power System Inc. Lionel Corporation), packed in 
polyethylene bags (500 g) and stored at -20°C. The thawed pulp 
was filtrated in a 270 mesh sieve and centrifuged (Dammom IEC 
Model HN–S, USA) at 1100 x g for  15 min  to  obtain  a  clear  juice  

(~10 °Brix). 
Grape juice concentrate (68 °Brix) was purchased from Golden 

Sucos, Brazil. The fruit juices were characterized for pH, acidity, 
and reducing sugars according to the AOAC methods (AOAC, 
1997a, b, 2000) in triplicate, and the results were expressed on a 
dry basis (d.b.) (Table 1). The anthocyanins content and antioxidant 
capacity of the juices were also determined (Brand-Williams et al., 
1995; Lee et al., 2005) and the determinations are described in 
subsequently. 

 
 

Film production 
 
The films were produced using the solvent-casting technique that 
consists in the dispersion of a film-forming solution (solution 
casting) on a plate surface followed by the evaporation of the 
solvent. The film-forming solutions (FFS) were prepared to contain 
2% (w/w) and 1.5% (w/w) soluble solids from jambolan and grape 
juices, respectively. These concentrations were established to form 
a structural matrix sufficiently cohesive so that the film can be easily 
removed from the support without breaking. Jambolan or grape 
juices were mixed with the polysaccharides solution was prepared 
according to Table 2, using a magnetic stirrer until complete 
homogenization (10 min). To improve the grape juice dispersion 
into the polysaccharide solution, the concentrate grape juice was 
diluted to 20 °Brix, while jambolan juice was kept at 10°Brix. The 
FFS were dispersed in polyester plates (13.7 cm in diameter) and 
dried in an oven with air circulation at 30°C/16 h. The films were 
conditioned at 23±0.5°C and 33% relative humidity for 5 days 
before characterization. After conditioning, the moisture contents 
were 9.1±0.8 and 8.1±0.5% for the films produced with grape and 
jambolan juices, respectively. This film production process was 
repeated three times for each formulation. 
 
 
Film characterization 
 
Mechanical properties 
 
The mechanical properties were determined using a TA.xT2i (TA 
Instruments, New Castle, USA) texture analyzer, 25 kg cell loading, 
according to the ASTM (1995) method D882-95, and carried out at 
23°C and 40 to 50% relative humidity (RH). A grip separation and 
crosshead speed of 50 mm and 1 mm/s, respectively, were applied 
to the films (25 mm wide and 10 cm long). Film thickness was 
determined from the mean of five measurements across the films 
using a digital micrometer (Mitutoyo, Japan) with a range of 0 to 
12.7 mm and an accuracy of 0.001 mm. The mean values were 
used for calculation of tensile strength, Young's modulus, and 
elongation at rupture. The typical film thickness was 0.044±0.004 
and 0.055±0.007 mm for the films prepared with grape and 
jambolan juices, respectively. Mechanical measurements were 
done in triplicate. 
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Table 2. Solubilization methods of polysaccharides. 
 

Polysaccharides Conc. (% w/w) Solubilization methods 

HMP, LMP, CMC 1 
Slow dispersion in distilled water at room temperature until complete solubilization. 

SA 0.8 
   

LBG 0.8 Rapid dispersion in distilled water at 5°C followed by heating to 70°C. 

HPMC 1 
Rapid dispersion in 1/3 of the total volume of distilled water at 90°C and addition of 2/3 of 
the volume of water at 5°C. 

 

HMP - high-methoxyl pectin; LMP - low-methoxyl pectin; CMC - carboxymethylcellulose; SA - sodium alginate; LBG - locust bean gum; HPMC - 
hydroxypropyl methylcellulose. 

 
 
 

 
 

Figure 1. Acrylic cell, 4.5 cm in diameter, 5 cm height. 

 
 
 
Adhesion strength in vitro 
 
The adhesion strength of the films was determined in a TA.xT2i 
texture analyzer (25 kg cell loading, TA Instruments, New Castle, 
USA) using gelatin gel as a buccal model (Okeke and Boateng, 
2016) upon which the films were allowed to adhere. Gelatin 
(GELITA, 150 BLOM/30 MESH) was solubilized in water (10%, 
90°C), placed in the Petri plate (5.2 cm in diameter and 1 cm 
height), cooled down, and stored under refrigerated storage 
overnight for gelling (5°C). The film (20 mm in diameter) was 
attached with double-sided adhesive tape to the Perspex support 
(20 mm), connected to the mobile arm of the texture analyzer. 
Artificial saliva (40 uL) was added onto the gelatin surface, and the 
film and the gelatin gel were allowed to adhere. The adhesion 
strength was measured as the maximum applied force (N) to detach 
the film from the gelatin gel. The contact force, contact time, and 
the speed of probe withdrawal during the adhesion experiment was 
fixed at 1 N, 10 s, and 0.5 mm/s, respectively. 

 
 
Swelling index 
 
Films with 20 mm in diameter were placed on a Petri plate (9.5 cm 
in diameter) containing 30 mL of artificial saliva, and the changes 
were measured at different time intervals up to constant diameter. 

The swelling index was measured in triplicate and  calculated  using 
Equation 1 (Nair et al., 2013), where At  is the area of the film at 
time t, and A0 is the area of the film at time zero. 
 
Swelling index = At/A0                                                                                (1)  

 
 
In vitro disintegration time 
 
The film was fixed on an acrylic cell (Figure 1) and 200 μL of 
artificial saliva was added onto the center of the support. The time 
the drop takes to disintegrate the film and reach the interior base of 
the cell was defined as the in vitro disintegration time (measured in 
triplicate). 
 
 
Surface pH  
 
The surface pH of the films was determined using artificial saliva, 
according to Prabhu et al. (2011) with modifications. The artificial 
saliva was prepared with phosphate buffer solution (pH = 7.1-7.2) 
and mucin from porcine stomach (SIGMA-ALDRICH, TYPE II) at 2 
mg/mL (Sánchez et al., 2011). The film was placed inside a 5 mL 
flask (at the bottom and at the sides). The artificial saliva (~ 0.5 mL) 
was   spread   on  the  film  surface.  The  electrode  was  placed  in  
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Table 3. Swelling index, disintegration time, and surface pH of the films made with different polysaccharides and 
fruit juices. 
 

Films  Swelling index Disintegration time (minutes) Surface pH 

With grape juice 

CMC 1.55±0.04
b 

0.5±0.03
c
 5.7±0.1

ab
 

HPMC 1.78±0.05
a 

3.2±0.1
d
 5.5±0.2

ab 

HMP 1.48±0.10
b 

5.3±0.3
b
 5.3±0.4

b 

LMP 1.51±0.04
b 

39.7±1.1
a
 5.6±0.2

ab 

AS 1.76±0.10
a 

>60 6.0±0.1
a 

LGB 1.11±0.01
c 

>60 5.7±0.1
ab 

 
   

With jambolan juice 

CMC 1.95±0.11
b 

1.4±0.01
 d
 4.6±0.3

b 

HPMC 1.64±0.02
c 

5.1±0.1
 c
 4.6±0.1

b 

HMP 1.48±0.14
c 

1.2±0.1
 d
 4.6±0.1

b 

LMP 2.25±0.05
a 

12.9±0.2
 b
 5.2±0.1

a 

AS 1.56±0.01
c 

58.4±0.3
 a
 4.6±0.1

b 

LBG 1.04±0.02
d 

>60 5.1±0.1
a 

 

Different lowercase letters in the same column and in the same block (Films with Grape juice or with Jambolan juice) 
indicate a significant difference (p<0.05). 

 
 
 
contact with the wetted film for 10 s for stabilization, and the pH was 
measured (in triplicate). 
 
 
Color and opacity 
 
Film color was evaluated by L*, a*, and b* parameters, measured 
by transmittance using CIELab color scale. Film opacity was 
determined by reflectance, and calculated from the relationship 
between the opacity of the film over the black (Yb) and white (Yw) 
reflectance color standard. Determinations were carried out in 
triplicate, using a spectrophotometer UltralScan PRO D65 
Hunterlab (Reston, USA) and the software EasyMatch QC. All 
determinations were made by placing the film surface in contact 
with the air in the direction of light. The color difference (ΔE) was 
calculated using Equation 2, where Ls*, as*, bs* are the color 
parameters of the locust bean gum (LBG) film (Table 3) made with 
grape juice or jambolan juice. The LBG film containing grape and 
jambolan juices showed high a* and low b* values, which allowed 
determining the differences (∆E) between the samples. 
 
∆E = [(L* - Ls*)

2 + (a*- as*)
2 + (b*- bs*)

2]1/2           (2) 
 
 
Anthocyanins content  
 
Anthocyanins content was determined by the differential method 
(Lee et al., 2005), in triplicate, in a dark environment at 20°C.  The 
fruit juices were adjusted to 20 and 10 °Brix for grape and 
jambolan, respectively. While the films (0.3 g) made with or without 
fruit juices were dispersed in 30 g distilled water. When necessary, 
the samples were diluted with distilled water to obtain absorbance 
readings lower than 0.9. The samples were mixed with two buffer 
solutions separately: 0.025 M potassium chloride buffer (pH 1.0) 
and 0.4 M sodium acetate buffer (pH 4.5). The absorbance of the 
buffer solutions was measured at 520 and 700 nm. Anthocyanin 
content was expressed as cyanindin-3-glucoside equivalents 
according to Equation (3), and then converted to a dry basis:   

Anthocyanin content (mg/L) = [A x MW x DF x 103]/[Ɛ x PL]       (3) 
 
Where A = [(A520nm–A700nm)pH 1.0 – (A520nm–A700nm)pH 4.5]; MW 
(molecular weight) = 449.2 gmol-1, for cyaniding-3-glucoside (cyd-3-

glu); DF = dilution factor; PL = path length, 1 cm;  = 26,900 molar 
extinction coefficient (Lmol-1cm-1), for cyd-3-glu; and 103 = 
conversion factor from g to mg. 
 
 
Antioxidant capacity 
 
The antioxidant capacity was determined by DPPH assay (Brand-
Williams et al., 1995), in triplicate, in a dark environment at 20°C. 
Films (0.3 g) were dispersed in 30 g distilled water, and the fruit 
juices were adjusted to 20 and 10 °Brix for grape and jambolan, 
respectively. When necessary, the samples were diluted with 
distilled water to obtain absorbance readings lower than 0.9. 

Sample or Trolox standard (0 – 2000 M in ethanol) aliquots of 50 

L were mixed to 4.95 mL of 0.06 mM DPPH solution (in ethanol) in 
dark and kept for 16 h to achieve a constant concentration of 
remaining DPPH for grape juice concentrate. After the reaction, the 
absorbance was measured at 517 nm, and the results were 
expressed as Trolox equivalent antioxidant capacity. 
 
 
Statistical analysis 
 
The results were submitted to analysis of variance (ANOVA) and 
Tukey's comparison test to identify the differences at a 5% level of 
significance, using the software SAS 9.4. 

 
 

RESULTS AND DISCUSSION 
 
Mechanical properties 
 
The edible films made with different polysaccharides  with  
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Figure 2. Mechanical properties of films based on polysaccharides and fruit juices: (a-c) grape, (d-f) 
jambolan. 

 
 
 
the addition of the grape and jambolan juices were 
visually homogeneous and with no insoluble particles. In 
general, the mechanical properties values of the films 
varied from 7 to 27 Mpa (tension at rupture - TR), 20 to 
570 MPa (Young's Modulus - MY), and from 6 to 36% 
(elongation at rupture - ER) (Figure 2). It is recommended 
that these films have sufficient tension to be handled 
without breaking during packaging or handling, but not so 
flexible to easily extend and deform during cutting in the 
production line (Borges et al., 2015). The present results 
were close to those reported for films made with 
hydroxypropylmethylcellulose or hydroxypropylcellulose 
with different medicinal plants extracts (TR = 0.2 - 2.5 
Mpa; ER = 6 - 70%; MY = 23 - 321 Mpa, thickness = 69 - 

192 m) (Visser et al., 2016), and those reported for films 
made with high methoxyl pectin, glucomannan, 
methylcellulose and their blends (TR = 37 - 73 Mpa; ER = 

2 - 10%; thickness = 19 - 28 m) (Chambi and Grosso, 
2011a).  

Regardless of the type of juice used in the formulation, 
the films produced with SA, HMP, LMP, and HPMC were 
resistant to handling, without damages during the 
characterization process carried out at 23°C and 40 - 
50% RH. Above 50% RH, the films were sticky, due to 
the presence of sugar from the fruits that are hygroscopic 
in high RH, which should be considered for future 
applications. Therefore, all characterizations were carried 
out at 40 to 50% RH (Figure 2).  

Adhesion strength 
 
The results of maximum adhesive strength of the films 
varied between 0.4 and 1.4 N (Figure 3), depending on 
the polysaccharide and the fruit juice used. The films 
made with jambolan juice had higher adhesion strength 
than those made with grape juice (Figure 4). The films 
made with jambolan juice had lower soluble solids when 
compared to the films made with grape juice. Moreover, 
the jambolan juice presented the lowest reducing sugar 
content (Table 1). The results are interesting from the 
technological point of view, once a smaller amount of 
jambolan juice was required to produce films with good 
resistance and flexibility, and high adhesive strength. 
Studies have shown that the higher the amount of 
additives the higher the adhesive strength (Perumal et 
al., 2008).  

The films made with CMC and SA exhibited a greater 
adhesion to the buccal surface model, while a lower 
adhesion was observed for the films made with HPMC 
and LBG (Figure 4). During the contact process, the film 
adsorbs the artificial saliva on the buccal mucosa model 
and hydrates, initiating the interpenetration of polymer 
chains within the model buccal layer and vice versa. The 
adhesion effect is probably due to the high number of 
hydroxyl and carboxyl groups of polysaccharides, which 
improves the hydrogen bonding to the mucosa. 
Electrostatic   interactions   may   also   be   formed   with  
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Figure 3. Adhesives properties of films based on polysaccharides and fruit juices: (a) grape, 
(b) jambolan. 

 
 
 

 
 
Figure 4. Jambolan fruit and its high-methoxyl pectin film. 

 
 
 
polysaccharides, loaded as CMC and SA. These 
polysaccharides facilitate strong interactions with the 
mucosa, resulting in high adhesive strength. Studied 
have shown that charged polymers increase the 
adhesion by leading to stronger bonds between the film 
and the buccal surface (Morales and McConville, 2011; 
Okeke and Boateng, 2016).  

 
 

Swelling index 
 
The swelling index of the films was dependent on the 
type of juice and the polysaccharide used in the 
formulation (Table 3). Films made from LMP and 
jambolan juice had the highest swelling index (2.3),  while 

the LBG films exhibited the lowest index (1.1) for both 
juices. These results were similar to those reported for 
films made with methylcellulose and 
hydroxypropylmethylcellulose blends, which presented a 
swelling index from 1 to 1.5 (Attama et al., 2008). A 
higher swelling index indicates a greater hydration 
capacity of the polymer film. The hydration capacity of the 
film is an important characteristic in the manufacture of 
films, once it is related to the adhesive strength and the 
ease of release of compounds naturally present in juices 
(Mahcene et al., 2020; Piñeros-Hernandez et al., 2017).  

In general, the higher the swelling index, the greater 
the adhesive strength (Mortazavian et al., 2014). For the 
films produced with grape juice, the adhesive strength 
(Figure 3)   was   directly   related  to  the  swelling   index  
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Table 4. Color parameters and opacity of the films made with polysaccharides and fruit juices. 
 

Film  ΔE* L* a* b* Opacity 

Grape juice 

CMC 3.8±0.5
b 

81.1±1.1
b 

7.2±0.5
b 

5.8±0.4
a 

21.2±1.5
a 

HPMC 2.5±0.7
c 

81.1±2.5
b 

10.2±1.6
a 

5.3±0.7
a 

20.7±1.5
a 

HMP 1.3±0.6
c 

82.1±0.5
ab 

9.9±0.4
a 

5.2±0.2
a 

21.6±2.0
a 

LMP 5.9±0.4
a 

84.8±0.4
a 

6.1±0.2
b 

5.3±0.2
a 

17.9±1.7
a 

SA 3.9±0.3
b 

80.6±1.4
b 

7.3±0.6
b 

5.6±0.4
a 

21.8±1.0
a 

LBG 0 81.2±0.2
b 

10.9±0.2
a 

5.2±0.1
a 

20.9±0.9
a 

      

Jambolan juice 

CMC 33.3±1.2
a 

75.4±0.7
a 

17.0±0.9
d 

-16.8±0.8
c 

24.0±1.9
c 

HPMC 35.4±0.5
a 

72.0±3.4
ab 

15.6±0.5
d 

-9.8±0.4
a 

26.0±3.1
c 

HMP 17.0±2.0
c 

70.7±1.3
ab 

35.8±1.7
b 

-15.2±0.5
b 

25.9±1.9
c 

LMP 21.3±1.9
b 

69.5±1.4
b 

29.2±1.3
c 

-14.1±0.6
b 

27.8±1.7
bc 

SA 3.9±0.1
d 

57.5±0.8
c 

42.6±0.6
a 

-24.7±0.3
d 

41.2±3.7
a 

LBG 0 59.8±1.5
c 

45.5±1.4
a 

-23.9±0.6
d 

32.9±2.0
b 

 

Different lowercase letters in the same column and in the same block (films + grape juice or films + jambolan juice) indicate a significant difference 
(p<0.05). 

 
 
 
(Table 4), with an exception for the film made with 
HPMC. This relationship was not observed for the films 
made with jambolan juice. Although sugars and organic 
acids from fruit juices act as additives in the film 
production, the minor components as anthocyanins 
(present in a higher proportion in the jambolan juice) also 
contribute with the different interactions in the polymeric 
matrix, resulting in films with different values of swelling 
index. Each polysaccharide has a particular structure with 
hydroxyl groups that in its turn could form hydrogen 
bonding with the anthocyanin hydroxyl groups. Starch-
BBE (anthocyanin-rich bayberry extract) films had their 
properties modified (water vapor permeability, tensile 
strength, UV-vis light barrier, among others) due to the 
presence of anthocyanins in BBE (Yun et al., 2019). 
 
 
Disintegration time 
 
The disintegration time of the films changed according to 
the type of polysaccharide used (Table 3). Films made 
with CMC, HPMC and HMP had the lower disintegration 
times (0.5 to 5.3 min), while those made with SA and 
LBG took longer to disintegrate (60 min). Both fast and 
slow disintegrating films can have pharmaceutical 
applications. Due to the rapid disintegration time (30 s) of 
the CMC films made with grape juice, they can be easily 
administered in people with dysphagia, nausea, vomiting 
and mental disorders (Sudhakar et al., 2006). HPMC and 
HMP films can be used when the continuous release of 
the active ingredient is required within a few minutes. On 
the other hand, the SA and LBG films can be used as 
patches for applications  requiring  long  periods  of  time, 

which should be removed at the end of the application. 
The use of SA and LBG in the production of adhesive 
films has the advantage of preventing the use of organic 
solvents generally used in the solubilization of polymers 
for the manufacture of insoluble films. 
 
 
Surface pH 
 
The polysaccharide films containing both grape and 
jambolan juice presented a surface pH (Table 4) near the 
pH of saliva (5-7) (Sudhakar et al., 2006). Thus, the 
consumption of these films should not cause irritation to 
the oral mucosa. Oral films produced from NaCMC 
(matrix), glycerol (plasticizer) and nystatin (an antifungal 
agent) had similar results, pH = 5 to 5.4 (Gajdošová et 
al., 2016).  
 
 
Color and opacity 
 
All films presented the typical color of the fruit juice used 
in their formulations. Figure 4 illustrates the jambolan 
fruit, and the film resulting from the addition of juice to the 
film formulation. The films with jambolan juice exhibited a 
bright purple color, while those made with the addition of 
grape juice were purplish blue.  

The color of the films was determined by the 
parameters L*, a*, b* and ΔE* (Table 4), which varied 
according to the polysaccharide and the fruit juice used in 
the formulation. The natural pigments present in the 
juices and the polysaccharides used in the formulation 
can provide great differences in color between  the  films,  
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Table 5. Anthocyanins content and antioxidant capacity of the films made with polysaccharides and fruit juices. 
 

Film CMC HPMC HMP LMP SA LBG 

Anthocyanins (mg/g, d.b.) 

Polysaccharide
1
 (P) 0.02±0.003

a 
0.04±0.01

a 
0.03±0.003

a 
0.02±0.01

a 
0.03±0.004

a 
0.02±0.01

a 

P + Grape juice
2 

0.27±0.01
a 

0.24±0.05
a 

0.33±0.02
a 

0.30±0.01
a 

0.29±0.03
a 

0.28±0.05
a 

P + Jambolan juice
3 

3.10±0.07
b 

3.38±0.15
ab 

3.70±0.01
a 

3.41±0.08
ab 

3.26±0.38
ab 

3.28±0.01
ab 

       

Antioxidant capacity (Mol TE/g, d.b.) 

Polysaccharide
1
 (P) 16.84±1.86

abc 
16.96±0.79

abc 
21.20±2.50

a 
19.86±0.32

ab 
16.34±1.15

bc 
13.06±2.17

c 

P + Grape juice
2 

83.23±2.38
a 

87.86±1.46
a 

85.14±6.37
a 

85.67±0.86
a 

84.78±5.50
a 

84.66±6.15
a 

P + Jambolan juice
3 

193.71±1.45
bc 

187.40±2.68
c 

206.35±1.51
a 

207.43±2.67
a 

193.46±1.07
bc 

199.80±6.44
ab 

 

Different lowercase letters in the same line and in the same block (anthocyanins or antioxidant) indicate a significant difference (p<0.05); 
1
blank; 

2
grape juice (anthocyanins=0.4±0.01; antioxidant=89.8±0.5); 

3
jambolan juice (anthocyanins=5.5±0.02; antioxidant=241.3±17.4).  

 
 
 

resulting in differences in consumer perception. The films 
made with grape juice presented no significant variations 
in L* and b*, as a function of the polysaccharide, with 
small variations for a* and ΔE*. In contrast, the films 
made with jambolan juice presented the most significant 
variations in L*, a*, b* and ΔE* depending on the 
polysaccharide used.  

Anthocyanins are a group of water-soluble flavonoids 
that are responsible for the bright red, blue and purple 
colors in fruits like jambolan (Jampani et al., 2014). The 
anthocyanin concentration in jambolan juices was higher 
when compared to the grape juice (Table 1), thus 
significant differences were observed for the films 
produced with jambolan juices, probably due to the 
anthocyanins stability in the film matrix. The anthocyanin 
stability is affected by several factors such as pH, 
temperature, light, presence of copigments, metal ions, 
oxygen, enzymes, ascorbic acid, sugars, and their 
degradation products (Fang et al., 2020). The surface pH 
values were similar for the films containing jambolan 
juices (Table 4), which affected the color to a lesser 
extent. All films were prepared under the same 
conditions, thus the parameters temperature and light did 
not affect the color of the films produced.  

In nature, anthocyanin molecules are normally 
associated with colorless molecules (copigments) that 
affects the plant color (Falcão et al., 2003; Fan et al., 
2019). The different interactions between anthocyanins 
(present in a higher proportion in the jambolan juice) and 
the polysaccharides (copigments) resulted in different 
color parameters and intensity of bright purple color. This 
type of copigmentation is known as being intermolecular 
(Lopes et al., 2007).  

The film opacity was dependent on both the type of 
polysaccharide and the fruit juice. In general, the films 
were translucent, presenting low opacity, with values 
around 20 and 25 for the films containing grape juice and 
jambolan juice, respectively. Only the LBG and SA films 
had high opacity values (33 and 41, respectively), which 
resulted in an unattractive color for the films made with 
jambolan juice. Different values of  film  transparency  are 

related to their internal structure that is defined by a 
component rearrangement in the film matrix during the 
drying process (Chambi and Grosso, 2011b).  

 
 

Anthocyanins content and antioxidant capacity 
 
The total monomeric anthocyanins content and the 
antioxidant capacity of the films were similar to the values 
found for the fruit juices used in the formulations (Table 
5). These results indicate that the manufacturing process 
did not lead to significant losses of the functional 
properties. The anthocyanins content and the antioxidant 
capacity of the films made with jambolan juice (Table 5) 
were higher than those observed for the films made with 
grape juice (Table 1), due to the higher anthocyanins 
levels of jambolan juice. The antioxidant capacity of the 
films produced only with polysaccharides was related to 
their ability to remove free radicals such as DPPH (Wang 
et al., 2018) acting as antioxidants to protect living 
organism from oxidative damage (Wang et al., 2016a). 
This antioxidant ability will vary depending on the type of 
polysaccharide (Wang et al., 2018). Polysaccharides 
such as pectins from grapefruit peel, apple pomace and 
citrus peel presented antioxidant capacity that would be 
related to the hydroxyl groups presents in the pectin 
structure (Wang et al., 2016b, 2014). The anthocyanin 
concentration was similar for all films prepared with the 
same fruit juice, with a mean anthocyanin content of 
3.4±0.2 for the films containing jambolan juice (Table 5). 
Therefore, it was possible to produce films with different 
color intensities with similar anthocyanin concentrations 
(Table 4). The films showed antioxidant capacity, which 
together with the attractive color make the fruit juices 
potential ingredients for the production of edible films. 
 
 
Conclusion 
 
In the polysaccharide based edible films, glucose, 
fructose, organic acids, phenolics, and anthocyanins from  



 
 
 
 
fruit juices acted as synthetic additives replacer as well 
as active ingredients due to their antioxidant potential. 
The properties of the films were mainly modulated by the 
different polysaccharides used, and allow several 
applications, including those that require a rapid 
disintegration (CMC and HPMC, 0.5 and 3.2 min, 
respectively) and long application (SA and LGB, 58.4 and 
> 60 min, respectively) of the active ingredient. The films 
presented an attractive color, and those made with 
jambolan juice stood out among the others. The results 
are useful for the food and pharmaceutical industry since 
alternative fruit juices can be used in food formulations or 
as drug delivery matrices in the oral cavity.  
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