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INTRODUCTION

Food packaging plays an important role in 
protecting food during the supply chain by shield-
ing it from numerous risks and external causes 
(Perveen et al., 2023). The use of petroleum-based 
polymers such as polypropylene, polyester, and 
ethylene vinyl alcohol has replaced traditional 
materials with plastic packaging, which has domi-
nated the industry due to its low cost (Pang et al., 
2023). Nevertheless, since these materials are not 
easily recyclable, compostable, or biodegradable, 
their extensive use promotes ecological problems 
(Lee & Liew, 2020). Researchers are actively ex-
ploring biodegradable biocomposite films as envi-
ronmentally friendly packaging solutions (Ratna 
et al., 2023; Lou & Chen, 2023). Biodegradable 
films are frequently developed by combining 

hydrocolloids derived from proteins and poly-
saccharides such as starch, chitin, chitosan (CH), 
gelatin, cellulose, alginate, pectin, and gum (Fitri-
ani et al., 2023). These films, incorporating natural 
components, offer eco-friendly alternatives with 
enhanced functionalities (Baghi et al., 2022).

Starch and chitosan, two widely accessible 
biopolymers, have recently acquired importance 
in the fabrication of bio-nanocomposite packag-
ing films. Starch provides intriguing film-forming 
abilities in addition to its low cost and availabil-
ity in nature (Matheus et al., 2023), while chi-
tosan offers barrier properties, non-toxicity, and 
biocompatibility (Al-Hilifi et al., 2023). Several 
investigations have been conducted on biocom-
posite films made from chitosan and starch. 
(Aguirre-Loredo et al., 2023) synthesized ther-
moplastic biofilms using achira starch, chitosan, 
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and nanoclays, and discovered that sonication 
time affected the chemical and physicomechani-
cal properties of the films. (Hao et al., 2023) pro-
duced biodegradable composite films by combin-
ing chitosan and maize starch, noticing better ten-
sile characteristics and water vapor barrier per-
formance with the addition of chitosan. (Yu et al., 
2023) fabricated biodegradable films by incor-
porating chitosan nanoparticles into a mixture of 
hydroxypropyl methylcellulose and hydroxypro-
pyl starch, noting that the nanoparticle size influ-
enced the films’ barrier and mechanical qualities. 
(Suhartini et al., 2023) developed a biodegrad-
able film out of a plasticizer, nano-chitosan, and 
avocado seed starch, and the final film displayed 
remarkable barrier qualities against water vapor.

Increasing consumer demand for a healthy 
and secure lifestyle led to a serious recent study 
into the development of smart food packaging 
aiming at real-time food quality monitoring. This 
intelligent packaging has the potential to track the 
inside package conditions and provide informa-
tion to consumers concerning both food and the 
environment (Diksha et al., 2023; Kalpana et al., 
2019). Active intelligent films can be developed 
by adding pH-responsive active compounds de-
rived from flowers, fruits, vegetables, and tubers, 
such as curcumin, chlorophyll, betalains, and 
anthocyanins (Bhargava et al., 2020). Anthocya-
nins are active compounds that are often used in 
the production of active intelligent films due to 
their strong antibacterial and antioxidant proper-
ties as well as their ability to change color with 
pH (Qin et al., 2019). Anthocyanins are bioactive 
compounds, water-soluble pigments, and pheno-
lic metabolites that can change the color of mate-
rials (red, orange, blue, and purple) by chemical 
structural changes. Incorporating anthocyanin-
rich mayberry extract into a cassava starch matrix 
raises the TS, functions as a UV-vis light barrier, 
gives antioxidant characteristics, and can be uti-
lized to evaluate pork freshness (Yun et al., 2019). 
According to (Wang et al., 2023), CH/chitin nano-
fiber bio-nanocomposites containing eggplant 
anthocyanins possess relatively strong physical, 
antibacterial, and antioxidant capabilities; the 
color sensitivity of these composites can be used 
to properly assess pork freshness. Anthocyanins 
from Jacaranda cuspidifolia were discovered to 
have strong antibacterial and antioxidant action in 
CH/polyvinyl alcohol composite films and can be 
utilized to reliably assess fish freshness (Amar-
egouda et al., 2022). To improve antibacterial and 

antioxidant activity, anthocyanin generated from 
sweet potato was mixed with quercetin-loaded 
CH nanoparticles; the pH-sensitive features of 
the resulting material can be used to check shrimp 
freshness (Dong et al., 2023).

Purple sweet potatoes, which are common 
in Aceh, Indonesia, contain anthocyanins with 
high antioxidant activity 59.25% (Husna et al., 
2013). Despite the antioxidant benefits and pH-
responsiveness of anthocyanin extract, there is a 
limitation of data on the development of active 
intelligent films applying CH nanoparticles and 
anthocyanin extract from purple sweet potatoes. 
The main objective of this study is to investigate 
how incorporating PSPE anthocyanin into the 
chitosan/purple sweet potato starch bio-nano-
composite matrix affects various aspects involv-
ing film surface topography, thermal properties, 
antioxidant activity, color, UV-barrier properties, 
and shrimp freshness monitoring. This is the first 
report of active intelligent films made using an-
thocyanins CH, PSPS, and PSPE anthocyanin. 
The topographical surface and thermal properties 
of these films were characterized using atomic 
force microscopy (AFM) and differential scan-
ning calorimetry (DSC). The antioxidant activity 
and pH sensitivity of these films were studied. To 
establish the optical properties of the film, color 
analysis, and UV-barrier tests were carried out. 
Monitoring shrimp freshness was used to evalu-
ate the functionality of the composite films.

MATERIAL AND METHODS

Materials

Purple sweet potato starch (PSPS) was pur-
chased from a local market in Banda Aceh, and 
chitosan powder was purchased from Chimulti-
guna Co., Ltd. (Indramayu, Indonesia) with a par-
ticle size of 200–300 mesh and a molecular mass 
of 102 kDa. Sigma Aldrich (Darmstadt, Germa-
ny) provided the 2,2-diphenyl-1-picrylhydrazyl 
(DPPH), glycerol, and glacial acetic acid

Film preparation

The film was created using a solvent-casting 
technique described in a prior publication (Hasan 
et al., 2022). In the study, four types of films 
were generated by adding various concentra-
tions of PSPE anthocyanin (0–15 wt%) into the 
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bio-nanocomposite matrix CH/PSPS (60%:40% 
w/w). The resulting films were designated as CH/
PSPS, CH/PSPS-PSPE5%, CH/PSPS-PSPE10%, 
and CH/PSPS-PSPE15%. 

Atomic force microscopy

AFM (Veeco Instruments, Santa Barbara, CA, 
USA) was used to measure the surface roughness of 
the film samples. The test was performed on a 1.5 
× 1.5 cm section of the sample film, and the film 
roughness was calculated in terms of the root mean 
square roughness (Rq) and average roughness (Ra).

Antioxidant activity test

The antioxidant activity of the film was mea-
sured in terms of the capacity to capture DPPH 
radicals. A 0.1-mM DPPH solution was prepared 
by diluting 1.97-mg DPPH with 50 mL of etha-
nol and placed in a dark bottle. A mass of 50 mg 
of each film was incorporated into 10 ml of 96% 
ethanol and agitated for 1 min. A volume of 4.0 
mL of 0.1-mM DPPH was mixed with 1.0 mL of 
each film solution and incubated in the dark bottle 
for 30 minutes (Zheng et al., 2023). The absor-
bance of the resulting solution was measured us-
ing a UV–Vis spectrophotometer at 517 nm, the 
wavelength of maximum absorbance for DPPH. 
The DPPH radical scavenging activity was calcu-
lated as a percentage using Equation 1:

 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐴𝐴𝑎𝑎𝐴𝐴𝐴𝐴𝑎𝑎𝐴𝐴𝐴𝐴𝑎𝑎 (%) = 𝐴𝐴0−𝐴𝐴1
𝐴𝐴0

× 100  (1) 
 
𝑂𝑂𝑂𝑂𝐴𝐴𝑎𝑎𝐴𝐴𝐴𝐴𝑎𝑎 = 𝐴𝐴

𝑥𝑥  (2) 
 
∆𝐸𝐸 = √(𝐿𝐿∗ − 𝐿𝐿)2 + (𝐴𝐴∗ − 𝐴𝐴)2 + (𝑏𝑏∗ − 𝑏𝑏)2  (3) 
 

 (1)

where: A0 and A1 denote the absorbances of the 
control and test films, respectively.

UV-barrier capacity and opacity of films

The UV-barrier capacity of the films was de-
termined according to the method of (Cazon et 
al., 2019). Films with dimensions of 0.8×4 cm 
were scanned over a wavelength range of 200 to 
800 nm using a UV-vis spectrophotometer (Per-
kin Elmer Inc., MA, USA). The film opacity was 
determined from the absorbance measured at a 
wavelength of 600 nm using Equation 2:

 

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐴𝐴𝑎𝑎𝐴𝐴𝐴𝐴𝑎𝑎𝐴𝐴𝐴𝐴𝑎𝑎 (%) = 𝐴𝐴0−𝐴𝐴1
𝐴𝐴0

× 100  (1) 
 
𝑂𝑂𝑂𝑂𝐴𝐴𝑎𝑎𝐴𝐴𝐴𝐴𝑎𝑎 = 𝐴𝐴

𝑥𝑥  (2) 
 
∆𝐸𝐸 = √(𝐿𝐿∗ − 𝐿𝐿)2 + (𝐴𝐴∗ − 𝐴𝐴)2 + (𝑏𝑏∗ − 𝑏𝑏)2  (3) 
 

 (2)

where: A and x – the absorbance at 600 nm and 
the thickness of the film, respectively.

Differential scanning calorimetry

Thermal properties of the films were investigat-
ed through Differential Scanning Calorimetry (DSC) 
analysis using a PT 1600 simultaneous thermogravi-
metric analyzer (Linseis Inc., USA). The samples 
were loaded into an aluminum pan and subjected to 
a heating rate of 10 °C/min under a nitrogen atmo-
sphere (20 mL/min), ranging from 30°C to 600°C

Color analysis

The color of the films was analyzed in terms of 
L, a, and b values using a CIE colorimeter (Hunter 
Associates Laboratory, Inc., USA). The difference 
in the full color (ΔE) of each film was calculated 
using the formula given below (Equation 3):

 

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐴𝐴𝑎𝑎𝐴𝐴𝐴𝐴𝑎𝑎𝐴𝐴𝐴𝐴𝑎𝑎 (%) = 𝐴𝐴0−𝐴𝐴1
𝐴𝐴0

× 100  (1) 
 
𝑂𝑂𝑂𝑂𝐴𝐴𝑎𝑎𝐴𝐴𝐴𝐴𝑎𝑎 = 𝐴𝐴

𝑥𝑥  (2) 
 
∆𝐸𝐸 = √(𝐿𝐿∗ − 𝐿𝐿)2 + (𝐴𝐴∗ − 𝐴𝐴)2 + (𝑏𝑏∗ − 𝑏𝑏)2  (3) 
 

 (3)

where:  L*, a*, and b* are the color parameters of 
a background white plate and have values 
of 93.49, −0.25, and −0.09, respectively 
(Agunos et al., 2020).

Characterization of the pH-sensitivity 
of the CH/PSPS-PSPE films

The pH sensitivity of the films was deter-
mined by immersion in buffer solutions with 
pHs of 1–10. A CH/PSPS film with dimensions 
of 20×20 mm was prepared and immersed for 5 
min in buffer solutions with pHs of 1–10. The 
film sample was removed from the solution, and 
the color parameters (L, a, b, and ΔE) were deter-
mined using Equation 3.

Application of CH/PSPS-PSPE films 
for monitoring shrimp freshness

A package containing fresh shrimp was covered 
with a CH/PSPS-PSPEs film (7×7 cm) to monitor 
the shrimp’s freshness. The package was stored at 
room temperature and analyzed every two days for 
six days. The analysis consisted of measuring the 
color parameters (L, a, b, and ΔE) and pH. 

RESULTS AND DISCUSSION

Atomic force microscopy

AFM is a standard method used to investigate 
the surface characteristics of different materials and 
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was used to analyze the surface roughness of the 
films fabricated in this study. Figure 1. shows three-
dimensional AFM images of the investigated films, 
and the corresponding surface roughness is shown 
in Table 1. The surface roughness of the films 
changed with the quantity of added PSPE anthocy-
anin. Specifically, adding 5% PSPE anthocyanin in-
creased the surface roughness because the interac-
tion between the anthocyanin and matrix disrupted 
the bonds in the polymer (Qin et al., 2019). How-
ever, the roughness gradually decreased upon the 
addition of 10% to 15% PSPE anthocyanin because 
of the formation of hydrogen bonds and van der 
Waals forces between the anthocyanins and matrix 
(Kannatt, 2020). The results of this study align with 
previously reported results (Xu et al., 2023).

Antioxidant activity

The antioxidant activity of a substance is 
its ability to inhibit or delay oxidation and is an 

essential factor in determining the effectiveness of 
packaging films in preserving the quality and shelf 
life of food products. Table 1 shows that lower an-
tioxidant activity was measured in this study com-
pared to previous measurements of 72% for CH/
cornstarch films (Hasan et al., 2022). This differ-
ence is attributed to the enhanced interaction be-
tween nanoparticles that alters the CH/PSPS film 
structure. However, the addition of 5%, 10%, and 
15% PSPE anthocyanin significantly increases the 
antioxidant activity of the CH/PSPS film. The pres-
ence of phenolic hydroxyl groups is crucial for an 
anthocyanin-rich film to exhibit antioxidant activ-
ity. These hydroxyl groups can capture free radicals 
through a donation of hydrogen atoms and electron 
transfer [Amaregouda et al., 2022). Therefore, the 
more abundant phenolic hydroxyl groups are in a 
film, the higher the antioxidant activity of the film 
is expected to be (Ahidar et al., 2023). Thus, the 
film fabricated in this study is active and has excel-
lent potential as a food packaging film.

Figure 1. 3D of AFM images of CH/PSPS (a), CH/PSPS-PSPE5% 
(b), CH/PSPS-PSPE10% (c), and CH/PSPS-PSPE15%(d) films

Table 1. Antioxidant activity, surface roughness, and opacity of all CH/PSPS films

Film samples Antioxidant activity (%) Opacity (mm-1)
Surface Roughness (nm)

Ra Rq

CH/SPS 16.37 ± 0.08a 0.90 ± 0.03a 300 390

CH/PSPS-PSPE5% 23.67 ± 0.07b 2.11 ± 0.12b 370 420

CH/PSPS-PSPE10% 25.77 ± 0.17c 2.62 ± 0.77bc 290 400

CH/PSPS-PSPE15% 26.44  ± 0.17d 2.71 ± 0.30c 160 200

Note: different letters within the same column indicate significantly different at a significance level (p ˂ 0.05).
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UV-barrier capacity and opacity

The opacity and UV-barrier capacity are criti-
cal factors for active intelligent films because UV 
radiation can cause food degradation, leading to 
nutrient loss, color fading, and even the formation 
of toxic substances. A high-quality film should 
have a robust light-barrier capacity to protect from 
UV radiation, maintain safety quality, and extend 
the shelf life of food products. Figure 2 shows the 
transmittance of the investigated films within the 
200–800 nm range. The CH/PSPS film and all the 
CH/PSPS-based PSPE anthocyanin films exhibit 
a low transmittance in the UV range, indicating 
that the CH/PSPS-PSPE films possess a high 

UV-barrier capacity. This phenomenon occurs due 
to the strong UV radiation absorption capabilities 
of anthocyanins’ phenolic compounds. The aro-
matic ring of anthocyanin contains chromophoric 
groups like C=C and C=O, which facilitate n-π* 
interactions, leading to effective UV absorption 
(Zheng et al., 2023). The opacity values of the in-
vestigated films are presented in Table 1. These 
results indicate that the addition of PSPE antho-
cyanin to the CH/PSPS matrix has a significant 
effect on the opacity of the resulting films, that is, 
the overall film opacity increases with the quantity 
of added PSPE anthocyanin because PSPE antho-
cyanin is darker than the CH/PSPS matrix. This 
behavior may result from the formation of a dense 
polymeric complex structure between CH/PSPS 
and PSPE anthocyanin (Capello et al., 2021).

Differential scanning calorimetry

Thermal properties characterization is es-
sential for understanding the correlation between 
structure and properties in individual polymers 
and polymer composites (Rachmina et al., 2024; 
Lei et al., 2024). The DSC curves (Figure 3) of 
the CH/PSPS films showed two corresponding 
endothermic peaks and one exothermic peak. 
The first endothermic peak, which ranged from 
58.71 to 88.38 °C, was associated with the loss 
of water in the chitosan nanocomposite films 
(Syahbazi et al., 2017). The addition of antho-
cyanin to the chitosan/starch matrix decreases 
the water vapor evaporation temperature of the 
film. This effect is caused by the interaction of 

Figure 2. UV- barrier capacity of CH/PSPS
and CH/PSPS-PSPEs films at different 

amounts of PSPE anthocyanin

Figure 3. DSC thermogram of CH/PSPS film samples
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anthocyanin molecules with matrix components, 
causing changes in the molecular arrangement 
and structure of the chitosan/starch matrix, re-
sulting in a reduction in the temperature required 
for water molecules to evaporate from the film 
(Lozano-Navarro et al., 2018). The second en-
dothermic peak, which correlates to the melting 
point (Ginting et al., 2023), occurs at tempera-
tures ranging from 246.2 to 274.9 °C. The higher 
melting point observed in CH/PSPS compared to 
other films is attributed to the use of nano-sized 
chitosan raw materials (Shapi’i et al., 2022). This 
enables for a more efficient interaction between 
chitosan molecules and starch by forming hydro-
gen bonds (Khan et al., 2023).

Color analysis

Table 2 displays the CH/PSPS film color with 
and without added anthocyanin. The addition of 
PSPE anthocyanin affects the film color. The dark 
purple color of the extract intensifies the color of 
the film, which has a low brightness or appears 
dark. For the CH/PSPS film, anthocyanin addition 
significantly affects the L value but not the ΔE val-
ue. The brightness of the film, as indicated by the L 
value, decreases as the quantity of added PSPE an-
thocyanin increases. By contrast, the a, b, and ΔE 
values tend to increase with the quantity of added 
PSPE anthocyanin, such that the film (appears red-
dish and yellowish in the presence of anthocyanin. 

Table 2. Color parameters (L, a, b, and ΔE) of all CH/PSPS films

Film samples
Color parameters

L a b ΔE

CH/PSPS 79.90 ± 1.12c -5.07 ± 1.24a 33.80 ± 2.21a 78.14 ± 28.36a

CH/PSPS-PSPE5% 71.63 ± 1.79b -3.93 ± 2.00a 46.57 ± 5.57b 84.79 ± 26.08a

CH/PSPS-PSPE10% 59.00 ± 0.77a 4.67 ± 1.51c 61.23 ± 0.77c 93.45 ± 18.13a

CH/PSPS-PSPE15% 58.20 ± 1.41a 1.23 ± 0.37b 58.33 ± 1.31c 93.41 ± 17.83a

Note: different letters within the same column indicate significantly different at a significance level (p ˂ 0.05)

Figure 4. (a) Color changes of CH/PSPS films with and without PSPE anthocyanin after being 
immersed in buffer solution (pH 1–10) for 1 min; (b) structural change of anthocyanin
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This result is in line with those reported for films 
made by loading red dragon fruit peel anthocyanin 
into cassava starch/chitosan films (Pramitasari et 
al., 2022) (which appear red to yellow).

pH-sensitivity of CH/PSPS films

Films containing anthocyanins are generally 
pH-sensitive: changes in the anthocyanin struc-
ture with pH manifest as a change in the film 
color (Zeng et al., 2022). Figure 4 shows there 
were no significant color changes in the CH/
PSPS film (control) with pH because no antho-
cyanin was added to the film; thus, CH was the 
dominant component of the film, which therefore 
appeared yellow (Zhao et al., 2023). By contrast, 
remarkable color variations were observed for the 
films with added PSPE anthocyanin in various pH 
buffers. Similar color changes were observed for 
the CH/PSPS-PSPE5% and CH/PSPS-PSPE10% 
films: pink (pH = 1), dark red (pH = 2), yellow 
(pH = 3–5), and green (pH = 6–10). The CH/
PSPS-PSPE15% film appeared pink (pH = 1), 
dark red (pH = 2–3), and brownish-yellow (pH = 
4–5). When soaked in a buffer solution with high-
er pHs, the color of the CH/PSPS-PSPE15% film 
changed to greenish-brown (pH = 6–8) and even-
tually became transparent green (pH = 9–10). 

These color changes were related to the quantity 
of added anthocyanin (Li et al., 2022). The ob-
served color variation in the PSPE anthocyanin-
rich CH/PSPS films was attributed to the change 
in the anthocyanin structure from the flavylium 
cation form in acidic solutions (pHs below 7) to 
the quinoidal anhydrase and anionic quinoidal 
base forms in neutral and alkaline solutions (Fig-
ure 4b) (Tang et al., 2019). Therefore, the film 
fabricated in this study is a potential intelligent 
film for food packaging.

Application of CH/PSPS films for 
shrimp freshness monitoring

Seafood spoilage is characterized by the gen-
eration of volatile nitrogen-based compounds, 
such as ammonia, dimethylamine, and trimethyl-
amine, from protein breakdown by enzymes and 
microorganisms, leading to pH elevation (Chen 
et al., 2022). Anthocyanin-rich films are pH-sen-
sitive and exhibit different colors depending on 
the anthocyanin content. Therefore, these films 
can be used as active intelligent films to indicate 
the freshness of protein-rich animal foods, such 
as shrimp, fish, and milk (Hu et al., 2022). Table 
3 shows a gradual increase in the pH of shrimp 
from 6.63 to 7.91 during six days of storage. This 

Table 3. Apparent color change and color parameters (L, a, b, and ΔE) of films as freshness indication for shrimp 
preservation at room temperature from 0, 2, 4, and 6 days 

Sample Time 
(day) Color response pH 

Color parameter 

L a b ΔE 

CH/PSPS 
 
  

0  6.6 79.90 ± 1.12d -5.07 ± 1.24a 33.80 ± 2.22a 35.53 ± 2.10a 
2  7.0 71.60 ± 3.18c -7.33 ± 0.98a 64.87 ± 2.60b 67.77 ± 2.82b 

4  7.5 64.90 ± 1.57b -8.27 ± 1.47a 60.83 ± 1.67b 66.27 ± 1.07b 
6  7.9 60.13 ± 0.85a 0.57 ± 1.71b 61.43 ± 0.40b 68.40 ± 0.57b 

CH/PSPS-
PSPE5% 

 
  

0  6.6 71.63 ± 1.79b -3.93 ± 2.00a 46.57 ± 5.57a 50.21 ± 5.73a 

2  6.8 62.07 ± 1.27a -4.57 ± 0.82a 59.10 ± 0.96b 65.51 ± 1.39b 

4  7.5 59.93 ± 1.26a -2.63 ± 1.89a 61.53 ± 0.33bc 68.58 ± 0.74b 

6  7.8 69.13 ± 2.20b -4.90 ± 1.73a 66.90 ± 2.33c 70.23 ± 2.24b 

CH/PSPS-
PSPE10% 

  

0  6.6 59.00 ± 0.77c 4.67 ± 1.52c 61.23 ± 0.77c 68.95 ± 0.42b 

2  6.7 51.33 ± 0.37b 5.43 ± 1.79b 54.233 ± 0.51a 67.06 ± 0.35a 

4  7.4 46.90 ± 1.28a 7.233 ± 0.91a 50.733 ± 0.81b 67.24 ± 0.77a 

6  7.8 48.13 ± 1.29a 12.03 ± 0.87b 54.733 ± 0.77b 70.28 ± 0.75b 

CH/PSPS-
PSPE15% 

  

0  6.6 58.20± 1.41c 1.23 ± 0.37c 58.333 ± 1.32c 66.57 ± 0.47a 

2  6.7 42.333 ± 1.71b 11.033 ± 1.91b 48.933 ± 0.79b 69.575 ± 1.25b 

4  7.4 36.767 ± 1.83a 17.367 ± 1.17a 41.733 ± 1.35a 70.341 ± 1.33b 

6  7.7 64.267 ± 2.92d -4.133 ± 1.70d 64.000 ± 0.94d 69.152 ± 0.83b 

Note: at a significance level of p˂ 0.05, different letters within a common column suggest 
statistical significance. 

 

Note: at a significance level of p˂ 0.05, different letters within a common column suggest statistical significance.
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increase was attributed to the generation of vol-
atile nitrogen compounds, including ammonia 
and amines, by protein degradation (Chen et al., 
2022). There were significant color changes in 
the CH/PSPS films containing PSPE anthocya-
nins at different concentrations during shrimp 
storage for up to 6 days. The brightness of the 
films, as indicated by the L* value, decreased 
over time. As the storage time increased, there 
was an increase in the a* value for all the films, 
except for the control film, whereas the b* val-
ue of all the films increased, corresponding to 
a color change to yellow. The total color differ-
ence (ΔE) gradually increased with the storage 
duration for all the films. On the sixth day, the 
film pH exceeded a threshold value, and the 
film color changed to green, indicating severe 
denaturation of the shrimp. This result demon-
strates that CH/PSPS-PSPE films (anthocyanin-
rich films) possess intelligent properties and are 
therefore suitable for monitoring the freshness 
of shrimp in real-time.

CONCLUSIONS

This research involved the fabrication of ac-
tive and pH-responsive bio-nanocomposite films 
through the incorporation of different concentra-
tions of SPE anthocyanins into the nanoparticle 
of the CH-PSPS matrix using the solvent-casting 
method. The films were thoroughly examined and 
characterized. According to the AFM analysis, 
the resulting films exhibited a smooth and com-
pact surface, suggesting a uniform distribution of 
SPE anthocyanins within the matrix. The addition 
of SPE anthocyanins increased the antioxidant 
activity of the film from 16.37% to 26.44%. All 
films containing SPE anthocyanins exhibited ex-
cellent UV barrier properties were sensitive to pH 
1–10 buffer solutions, and effectively demonstrat-
ed the freshness of shrimp during storage. There-
fore, the resulting films can be used as active and 
intelligent packaging films for food products. 
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