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The effects of Maillard Reaction Products (MRPs) obtained from fi sh gelatin hydrolysates and 
D-glucose conjugation on the techno-functional characteristics of fi sh gelatin fi lms were investigated, 
and the antioxidant effects were measured. MRPs were added to a gelatin solution at different 
concentrations (5-30% of the gelatin weight). The results revealed that the addition of the MRPs 
changed the fi lm thickness from 0.15 mm (control) to 0.199 mm (fi lm containing 30% MRPs). Some 
parameters including density, opacity, and color (∆E) of the fi lms were directly related to the MRPs 
concentration. Unlike these parameters, the solubility of the samples was not signifi cantly altered, and 
the degree of swelling was indirectly changed owing to the MRPs addition. The results also indicated 
that the MRPs could dramatically decrease the water vapor permeability and oxygen permeability. 
The viscosity and mechanical properties of the fi lms were increased as the MRPs concentration 
increased. The UV protective and the DPPH radical scavenging activities of the fi lms were positively 
related to the MRPs concentration. The control sample (8.71 mg/mL) and the sample containing 30% 
MRPs (IC50 at 1.72 mg/mL) showed the lowest and highest antioxidant activities, respectively. The 
results of this study revealed that a fi sh gelatin fi lm containing MRPs could be used as an active fi lm 
in food packaging.

ABSTRACT

INTRODUCTION
The application of biopolymers in food packaging has gained much attention 

owing to their biocompatibility, biodiversity, and biodegradability [1,2]. Among 
the various types of food packaging investigated for use in biodegradable fi lms, 
gelatin is a promising option that is obtainable from many natural sources [3-6]. 
Fish gelatin is one of the best sources of gelatin owing to the large amounts of fi sh 
waste that can be used for gelatin production [7-10]. Fish gelatin hydrolysates have 
important biological and functional applications in the food and pharmaceutical 
industries because of their health-promoting properties, such as their antioxidant, 
antimicrobial, and anticancer eff ects [11,12]. However, further investigations on 
improving their bioactivity should be conducted. In some studies, the conjugation 
of fi sh gelatin hydrolysates and other natural components, such as various sugars, 
has been examined. Studies have investigated the Maillard reaction of fi sh gelatin 
hydrolysates with diff erent monosaccharides, including ribose, glucose, xylose, 
and fructose [13-15]. The Maillard Reaction Products (MRPs) obtained from these 
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reactions showed better functional properties, such as 
antioxidant capacity. To the best of our knowledge, the 
use of MRPs obtained from fi sh gelatin hydrolysates as 
natural antioxidant agents in fi sh gelatin fi lms has yet to be 
investigated. Therefore, this study aimed to investigate the 
eff ects of diff erent concentrations of MRPs on the properties 
of fi sh gelatin fi lms.

MATERIALS AND METHODS
Fermented skate (Raja Kenojei) skin was obtained from 

a local market in Naju, South Korea. Kiwi fruit was obtained 
from a local market in Gwangju, South Korea. Alcalase 
(9 tyrosine equivalent units/mg) was purchased from 
Megazyme International Ireland Ltd., Bray, Co. (Wicklow, 
Ireland). All chemicals and reagents were of analytical grade 
and were obtained from Sigma Aldrich, Inc. (St. Louis, MO, 
USA).

Gelatin extraction

Gelatin was extracted from the fermented skate skin 
according to the method reported by Cho Jahncke [16]. 
After removing impurities using tap water, the liming 
process was conducted by immersing 200 g of the skins in 
1.5% calcium hydroxide solution (pH 6.0) with a ratio of 
1:5 w/v. Subsequently, the skins were washed, and gelatin 
was extracted using hot distilled water at 50°C for 4h. The 
extracts were centrifuged at 4,000 × g for 30 min in a J2-21 
centrifuge (Beckman Instruments Ltd., Palo Alto, CA, USA); 
then, the supernatant was passed through Whatman No. 1 
fi lter paper and caracole activated powder (250-350 mesh). 
Afterward, permeate was lyophilized and stored at -20°C 
until further experiments. 

Gelatin hydrolysis

Gelatin was hydrolyzed using the method described by 
Mirzapour-Kouhdasht, Moosavi-Nasab [11]. In summary, a 
gelatin dispersion (2.5% w/v) was prepared in 50 mM Tris-
HCl buff er. Hydrolysis was initiated by adding alcalase to 
the mixture at a ratio of 1:100 (enzyme:protein substrate), 
followed by shaking for 3 h at 60°C. The second step of 
hydrolysis was performed using actinidin at the same ratio 
and time at 37°C. After stopping the reaction by adding 12% 
TCA, the solution was centrifuged at 4000 × g for 45 min 
at 10°C. The supernatant was separated and stored at -20°C 
until further analyses.

Preparation of MRPs

Gelatin hydrolysates were dissolved in distilled water 
(20 mg/mL), and D-glucose was added to the solution at a 
ratio of 1:2 (gelatin hydrolysates:sugar). After adjusting the 
pH to 7.5, the mixture was heated in a water bath at 95°C for 
5h. Afterward, the reaction was stopped using cold gel solid 
plastic, and the samples were lyophilized and stored at -20°C 
until further experiments. The fi sh gelatin hydrolysate 

solution (without the addition of sugar) underwent the same 
treatment and was used as a control.

Preparation of gelatin ilms enriched with MRPs

A gelatin solution (3.5% w/v concentration) in distilled 
water was prepared, followed by heating at 60°C for 15 min. 
Glycerol was applied as plasticizer with a concentration of 
30% w/w (of gelatin content). The MRPs (with diff erent 
concentrations of 5-30% w/w of gelatin content) were added 
to the mixture. Samples nomenclature from this forward 
is according to the percentage of MRPs. Solutions (20 mL) 
were poured into petri dishes by the casting method and 
subsequently dried at room temperature for 12h. 

Film characterization

Thickness and density: Film thickness was measured 
using a micrometer (Mitutoyo, Model ID-C112PM, Serial No. 
00320, Mitutoyo Corp., Kawasaki-shi, Japan) at fi ve random 
locations of each fi lm. Film density was calculated after 
determining the fi lm volume according to the dimensions 
and thickness.

Opacity: To determine the opacity of the fi lms, the inner 
surface of a spectrophotometer cuvette was covered by pieces 
of fi lm, and the absorbance of the samples was detected at 
600 nm. The opacity of each fi lm was determined by dividing 
the absorbance (at 600 nm) by its thickness (mm).

Color: The color of the fi lms was evaluated using the 
method discussed by Afshari-Jouybari and Farahnaky [17]. 
The picture of specimens was captured in a box (40 × 40 × 40 
cm) with Natural light Source (K = 6500) equipped with a 
digital camera (Canon Powershot A630 with 8 Mega Pixels) 
at a distance of 40 cm from the samples. The L*, a*, and b* 
values were measured by fi lter/blur/average command in 
Photoshop software. After determining the values of L*, 
a*, and b*, the total color diff erence (ΔE) was calculated 
according to the following equation:

ΔE = [(Lc
* - Ls

*)2 + (ac
*- as

*)2 + (bc
*- bs

*)2]1/2,

where Lc
*, ac

*, and bc
* are the color values of the white 

standard plate, and Ls
*, as

*, and bs
* are the color values of the 

samples.

Solubility and degree of swelling: These two factors 
were determined as described by Yadav, et al. [18]. For 
this purpose, the fi lms were cut into pieces, dried in an 
oven at 105°C, and weighed (W1). The pieces were placed 
in 100 mL beakers, and 50 mL distilled water was added. 
Then, the beakers were closed, wrapped with aluminum 
foil, and kept at room temperature for 24h. Afterward, the 
fi lms were drained on fi lter paper and weighed again (W2). 
The solubility of the fi lms was calculated according to the 
following equation:

Solubility = W1  W2    100
W1
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The fi lms were weighed (W1) and then placed in beakers 
containing 30 mL distilled water at room temperature. 
Then, the swollen samples were weighed (W2). This step 
was performed three times to obtain the average amount of 
swelling. The degree of swelling during 24h with every 6h 
intervals was determined using the given equation:

Degree of swelling = W2  W1    100
W1




Water Vapor Permeability (WVP): The WVP of the fi lms 
was determined as described by ASTM [19] method modifi ed 
by (Yadav, Mehrotra [18]. Summarily, samples were wrapped 
over especial cups. The cups were fi lled with distilled water 
and placed in a desiccator individually. Changes in the cup 
weight were determined during 72h every 4h intervals. The 
WVP was measured using the following equation: 

Water vapor permeability =  W  X  
t  A    P


  

,

where W, x, and t are the weight change (g) of the fi lm 
samples, the fi lm thickness (m), and the lapsed time (s) for 
the weight change of the fi lm, respectively. Moreover, ΔP 
is the diff erence in partial vapor pressure between the pure 
water and dry atmosphere (2339 Pa at 20°C).

Oxygen permeability: The fi lms were cut into 2 × 2 cm2 
strips and used to wrap bottles with a size of 10 × 50 mm2. 
Subsequently, the wrapped bottles were placed in a desiccator 
at room temperature for 72h. The weight of the bottles was 
recorded every 24h. After plotting the data of weight change 
vs. time, the slope of each resulting line was determined 
by linear regression (R2 > 0.99). The Oxygen Permeability 
Transmission Rate (OPTR) and OP were measured using the 
following equations:

OPTR = Slope  
Film area

OP = OPTR   L  
P




where ΔP is the diff erence in partial vapor pressure between 
the pure water and dry atmosphere at room temperature 
(0.02308 atm) and L is the average fi lm thickness.

UV–vis spectroscopy: UV–vis analysis was performed 
using a UV–vis spectrometer (Synergy HT Multi-detection 
microplate reader, BioTek Instruments, Winooski, VT, USA). 

Viscosity: Film viscosity was determined using a 
Brookfi eld viscometer (DV2 Pro II, Brookfi eld Engineering 
Laboratories, Middleborough, MA, USA) with a cp51 spindle.

Mechanical properties: The mechanical properties 
(Tensile Strength [TS] and Elongation At Break [EAB]) of 
the fi lms were measured according to the standard method 
ASTM [19] with some modifi cations using a texture analyzer 
machine (500 N; ZWICK Gmbh & Co. KG, Ulm, Germany). The 
fi lms were equilibrated by placing them under conditions 
of 25°C and 50% relative humidity for 72h. The initial grip 
separation and crosshead speed were adjusted to 30 mm and 
30 mm/min, respectively, until rupture. Film clamping and 

deformation were conducted under tensile loading using a 
100 N load cell.

Antioxidant capacity

The antioxidant capacities of peptides before and after 
conjugation and those of fi lms with and without MRPs 
were determined according to the method described by 
Ambigaipalan and Shahidi [20]. A volume of 200 μL of a 
samples (1 mg/mL) was added to 800 μL of 0.1 mM DPPH 
in 95% methanol. Afterward, the samples were vortexed 
and kept in darkness for 30 min. The samples absorbance 
was recorded at 517 nm. For the control, the sample was 
replaced with 95% methanol. DPPH radical inhibition was 
determined using the following equation: 

DPPH radical inhibition (%) = (Acontrol - Asample) / Acontrol

Statistical analysis

All experiments were performed in triplicate. The mean 
comparison of three replicates was conducted by one-way 
analysis of variance in IBM SPSS Statistics 25. Tukey’s test 
was applied to determine the signifi cance among the mean 
comparisons with a probability level of 5%.

RESULTS AND DISCUSSION
Thickness and density

The physicochemical characteristics of the fi sh gelatin 
fi lms with MRPs are shown in table 1. The thickness of the 
control fi lm was 0.15 mm, and the addition of MRPs up 
to a concentration of 15% of the gelatin content did not 
change the thickness signifi cantly. The thickness of the fi lm 
containing 30% MRPs was signifi cantly higher than that of 
the control fi lm (0.19 mm). The results of the present study 
were in agreement with the fi ndings of Wang [21], who 
investigated high amylose starch-composited gelatin fi lms. 

The results regarding fi lm density revealed the dose 
dependency of this parameter. The density of the fi lms 
was signifi cantly increased with the increasing MRP 
concentration. Owing to very small changes in fi lm 
dimensions, it can be concluded that the addition of 
MRPs could signifi cantly increase fi lm mass, leading to 
a statistically signifi cant increase in the density. These 
results confi rm the interactions between gelatin and the 
MRPs because the density is directly related to the mass of 
the products. Since the interaction between gelatin and the 
MRPs can increase the mass, it is rationally concluded that 
our hypothesis was right. 

Opacity

The opacity of fi lms prepared with diff erent 
concentrations of MRPs is also shown in table 1. The 
absorbance of the fi lms at 600 nm clearly revealed a positive 
relationship with the MRP concentration. The control 
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Table 1: Dimensional and visual characteristics of fi lms with different concentrations of MRPs.

Sample Thickness (mm) Density (g/mm3) Opacity (A600 nm) Color (∆E)

Control 0.15  ±  0.00b 1.35  ±  0.10g 1.84  ±  0.22e 15.36  ±  0.06 e

5 0.15  ±  0.01b 1.75  ±  0.15f 1.89  ±  0.05e 16.25  ±  0.90 e

10 0.16  ±  0.02b 1.94  ±  0.12e 2.03  ±  0.02d 18.41  ±  0.17 d

15 0.16  ±  0.01b 2.20  ±  0.04d 2.15  ±  0.01c 23.15  ±  0.83 c

20 0.18  ±  0.02a 2.58  ±  0.12c 2.34  ±  0.02b 26.30  ±  0.51 b

25 0.19  ±  0.01a 2.70  ±  0.04b 2.90  ±  0.03a 28.44  ±  0.05 a

30 0.19  ±  0.02a 2.92  ±  0.07a 2.95  ±  0.02a 29.96  ±  0.14a

All data are the mean ± SD of three replicates. Different lowercase letters represent signifi cant differences (p < 0.05) between values in each column.

sample had the lowest absorbance (1.84), which was not 
signifi cantly diff erent from that of the fi lm containing 5% 
MRPs (1.89). The highest absorbance (2.95) was observed 
with the fi lm containing 30% MRPs, which did not show 
any signifi cant diff erence from that of the fi lm containing 
25% MRPs (2.90). Numerous factors aff ect the opacity of 
fi lms, such as particle size, the initial volume fraction of 
diff erent phases, phase changes during fi lm production, 
homogeneity, and the varying refractive indices of diff erent 
phases [22].

Color

A higher Maillard reaction ratio leads to a higher 
conjugation ratio and color development, which is a result 
of pigment production during this reaction. As the Maillard 
reaction continues, high-molecular-weight pigments 
(melanoidins) with maximum absorption at 420 nm are 
produced [14]. For fi lms intended for use in food packaging, 
color is a key factor. The results of this experiment are 
shown in table 1. To mathematically compare the colors of 
samples, comparisons of the ΔE value of each sample were 
performed. As revealed in table 1, the ΔE of the control 
sample was 15.36, which was not signifi cantly diff erent 
from that of the fi lm with 5% MRPs (sample 5). Signifi cant 
diff erences were observed in the fi lms with higher MRP 
concentrations (≥10% of the gelatin content). Samples 
25 and 30 revealed the highest ΔE at 28.44 and 29.96, 
respectively. These results showed that the control and 5% 
samples were the most transparent. In a study performed by 
Martinez-Alvarenga, Martinez-Rodriguez [23], the results 

indicated that the higher reactant ratios in whey protein 
isolate and maltodextrin conjugation resulted in greater 
color development.

Solubility and degree of swelling 

It is necessary to measure the water solubility/resistance 
of fi lms intended to be used in food packaging. The results 
of solubility of the fi lms (Table 2) indicated that the water 
solubility did not change signifi cantly until the fi lms reached 
an MRP concentration of 15% (sample 15). Sample 30 and the 
control exhibited the lowest (31.82%) and highest (35.50%) 
levels of water solubility among the fi lms, respectively. The 
lower solubility of fi lms with a higher MRP content might be 
attributed to the lower swelling ratio.

The swelling ratios of the samples are depicted in fi gure 
1, which reveals that the swelling ratio increases as the 
reaction time increases. Moreover, it can be interpreted that 
the MRP concentration is indirectly related to the swelling 
ratio. This could be attributed to some hydrophobic amino 
acids (such as alanine, valine, leucine, and isoleucine) in 
the peptides. These results confi rm the abovementioned 
results of water solubility. Furthermore, the results of the 
present study are in agreement with the results of Yadav, 
Mehrotra [18], in which the swelling ratios of quercetin-
based chitosan-gelatin fi lms were reduced due to the 
hydrophobicity of quercetin. 

Water Vapor Permeability (WVP)

The WVP is one of the most prominent properties of 

Table 2: Solubility and barrier properties of fi lms with different concentrations of MRPs.

Sample Solubility (%) WVP × 10−8 (g/msPa) OP (cc/m·24 h·atm)

Control 35.50 ± 0.11a 10.32 ± 0.08a 7.86 ± 0.01a

5 34.18 ± 0.04a 9.75 ± 0.07b 7.24 ± 0.02b

10 34.12 ± 0.01a 9.17 ± 0.21c 6.87 ± 0.01c

15 33.57 ± 0.10a,b 8.78 ± 0.15d 6.28 ± 0.03d

20 32.99 ± 0.04b 8.09 ± 0.07e 5.79 ± 0.01e

25 32.52 ± 0.07b 7.35 ± 0.00f 4.19 ± 0.03f

30 31.82 ± 0.02b 7.28 ± 0.13f 4.18 ± 0.02f

All data are the mean ± SD of three replicates. Different lowercase letters represent signifi cant differences (p < 0.05) between values in each column.
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Figure 1 Swelling ration of fi sh gelatin fi lms with different concentrations of MRPs during 24h. Statistical differences between various times of reaction at the same 
MRP concentration and various MRP concentrations at the same time of reaction are represented as uppercase and lowercase letters, respectively.

fi lms that are intended for food packaging. This experiment 
was conducted to assess the barrier role of the fi lm to 
prevent moisture transfer between the food material and the 
environment. Numerous parameters can aff ect the WVP of 
fi lms including the type and concentration of ingredients 
in fi lm forming, the hydrophobic interactions in the fi lm, 
and the polymer backbone [24]. It can be seen (Table 2) that 
glycosylation could inversely infl uence the WVP. The results 
indicated that this parameter was dose dependent, and the 
lowest WVP was related to the fi lm containing 30% MRPs. 
However, the diff erence between the WVP of samples 25 
and 30 (7.35 × 10-8 and 7.28 × 10-8 g/msPa, respectively) 
was not signifi cant. The highest WVP (10.32 × 10-8 g/msPa) 
was observed in the control sample, which was signifi cantly 
higher than that of sample 5. 

Oxygen Permeability (OP)

The OP is a very important characteristic of fi lms, 
especially those used with foods with a high fat content. 
A higher OP may result in the rancidifi cation of the fat 
contained in the food. The OP measurements of the samples 
are shown in table 2. The results revealed that the OP was 
negatively related to the degree of glycosylation. The results 
were similar to the fi ndings of WVP, as a dose-dependent 
reduction in OP was observed as the MRP concentration 
increased. The highest OP (7.86 × 10-6 cc/m•24 h•atm) was 
observed in the control sample, which showed a statistically 
signifi cant diff erence from the result of sample 5 (7.24 × 10-6 
cc/m•24 h•atm). The lowest OP (4.18 × 10-6 cc/m•24 h•atm) 
was observed in sample 30, which was not signifi cantly 
diff erent from that of sample 25 (4.19 × 10-6 cc/m•24 
h•atm). To the best of our knowledge, there has yet to be a 
study focused on the OP characteristics of fi lms obtained 
from gelatin containing MRPs. In a study performed by 
Yadav, Mehrotra [18], the OP of chitosan fi lms (7.03 × 10-6 

cc/m•24 h•atm) was decreased after the addition of gelatin 
(6.73 × 10-6 cc/m•24 h•atm) and gelatin with quercetin (3.58 
× 10-6 cc/m•24 h•atm). 

UV–vis spectroscopy analysis

The UV-protective eff ect is one of the most important 
characteristics of fi lms that aff ect their effi  cacy for food 
packaging, due to the generation of free radicals by UV light 
[25]. The fi lms were scanned in the UV–vis regions (200-
700 nm) (Figure 2). All fi lms showed high UV absorption 
at 200-400 nm. The results indicated that the addition of 
5-30% MRPs to the fi lms signifi cantly enhanced absorption 
in the 200-300 nm region as well as extended absorption 
in the 400-500 nm region. This signifi cantly higher UV 
absorption, especially around 215 nm, is attributed to the 
peptides found in the structures of MRPs. The dramatically 
higher UV absorption of MRP-containing fi lms compared 
to that of the control fi lm around 290-300 nm is probably 
attributed to the colorless intermediate products of the 
Maillard reaction with an ultraviolet absorption peak at 294 
nm. The intermediate products are fabricated by the reaction 
of the two functional groups including carbonyl and amino 
groups during the preliminary steps of the Maillard reaction 
[26]. Another study performed by Etxabide, Uranga [27] 
demonstrated that the amino group in lysine can contribute 
to the Maillard reaction, leading to an increase in UV 
absorption in the range of 250-300 nm. 

Viscosity

Viscosity is a very useful parameter that provides much 
information regarding the structure and rearrangement of 
the fi lm. Various factors aff ect the viscosity of a polymer 
mixture, such as the molecular size, interactions, and 
conformation of the polymers [28]. As shown in table 3, the 
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Figure 2 UV-vis spectra of fi sh gelatin fi lms with different concentrations of MRPs.

Table 3: Viscosity and mechanical properties of fi lms with different concentrations of MRPs.

Sample Viscosity (cP) TS (MPa) EAB (%)

Control 22.41 ± 0.12f 18.04 ± 0.02f 5.69 ± 0.02f

5 25.60 ± 0.08e 23.71 ± 0.08e 6.53 ± 0.01e

10 28.92 ± 0.11d 27.29 ± 0.01d 7.06 ± 0.02d

15 31.45 ± 0.09c 29.88 ± 0.10c 7.91 ± 0.03c

20 35.88 ± 0.05b 31.75 ± 0.07b 8.44 ± 0.02b

25 39.67 ± 0.10a 33.97 ± 0.12a 9.78 ± 0.00a

30 39.92 ± 0.12a 33.98 ± 0.08a 9.80 ± 0.03a

All data are the mean ± SD of three replicates. Different lowercase letters represent signifi cant differences (p < 0.05) between values in each column.

viscosity of the fi lms was increased as the concentration of 
the MRPs increased. The highest viscosity was observed with 
25% and 30% MRPs (39.67 and 39.92 cP, respectively). The 
control fi lm revealed the lowest viscosity (22.41 cP), which 
was signifi cantly lower than that of sample 5 (25.60 cP). 
Viscosity is a relative parameter that is highly dependent on 
the application and the purpose of this application. A solution 
with low viscosity is ideal for high-shear processing, such as 
fi lling and pumping, whereas high viscosity is desirable for 
improving mouthfeel [29]. 

Mechanical properties

The TS and EAB parameters showed the same increasing 
trend (Table 3). The direct relationship between the TS and 
MRP concentration indicated that the addition of MRPs 
even at 5% can change the TS signifi cantly. The TS of the 
control sample and sample 30 were 18.04 and 33.98 MPa, 
respectively. The highest and lowest EAB values (5.69% 
and 9.80%, respectively) were related to the control sample 
and sample 30, respectively. The increase in TS values after 
the addition of the MRPs indicated that the gelatin and 
MRPs had good compatibility. The changes in TS might 
be attributed to some structural changes following MRP 
addition. Furthermore, changes in TS values are indicative 
of greater molecular interactions between the polymer and 

MRPs. The mechanical properties of fi lms are aff ected by 
many parameters, especially the distribution and density 
of intra- and intermolecular interactions in the polymer 
backbones [30].

Antioxidant capacity

As shown in fi gure 3, the antioxidant capacity of the 
fi lms was positively increased by the increase in the MRP 
concentration. Numerous studies have demonstrated 
the DPPH radical scavenging activity of the fi sh gelatin 
hydrolysates [11,31-34]. The signifi cant increase in the 
DPPH inhibitory activity of the fi lms with higher MRP 
concentrations is probably due to the DPPH radical 
scavenging activity of the gelatin hydrolysates used to 
produce the MRPs. Additionally, in a study performed by 
Chen Yang [14], the modifi cation of fi sh gelatin hydrolysates 
with diff erent sugars was investigated, revealing that 
D-glucose (which was used in the present study to prepare 
the MRPs) could increase the DPPH radical scavenging 
activity of the hydrolysates. Furthermore, there are several 
studies in which the antioxidant activity of melanoidins is 
reported. This reveals that the bioactive peptides and their 
glycoside conjugates (with D-glucose) are responsible for 
the increase in the antioxidant activity of the fi lms.
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CONCLUSION
Some parameters of the fi sh gelatin fi lms, including 

thickness, density, opacity, and color (ΔE), were signifi cantly 
aff ected by the increase in the MRP concentration. 

Unlike these parameters, the solubility of the fi lms 
did not change dramatically, and the degree of swelling 
was inversely changed after the addition of the MRPs. The 
results also revealed that the WVP and OP were inversely 
related to the MRP concentration, whereas the viscosity 
and mechanical properties of the fi lms were directly related 
to the MRP concentration. The UV–vis spectra of the fi sh 
gelatin fi lms showed signifi cant UV light absorbance as 
the concentration of the MRPs increased. Considering the 
DPPH radical scavenging activity, the IC50 of the control 
sample was signifi cantly higher than those of the other 
samples. This study demonstrated that the MRPs obtained 
from fi sh gelatin hydrolysates and D-glucose are natural 
additives that can be used to enhance the techno-functional 
properties of fi sh gelatin fi lms.
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