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A B S T R A C T   

With the improvement of consumer awareness of food safety and the increasing concern about plastic pollution, 
the development of novel intelligent packaging film is imminent. This project aims to develop an environmen-
tally friendly pH-sensitive intelligent food packaging film for meat freshness monitoring. In this study, 
anthocyanin-rich extract from black rice (AEBR) was added to composite film formed by the co-polymerisation of 
pectin and chitosan. AEBR showed strong antioxidant activity, and different colour responses to different con-
ditions. The mechanical properties of the composite film remarkably improved when AEBR was incorporated 
into. Besides, the introduction of anthocyanins enables the colour of composite film to change from red to blue 
with the degree of meat spoilage increased which shows the indicative effect of composite films on meat 
putrification. Therefore, the AEBR-loaded pectin/chitosan film could be used as an indicator to monitor meat 
freshness in real-time.   

Introduction 

Meat is rich in fat and protein, which is prone to oxidation and mi-
crobial contamination during storage (Anas et al., 2019). Therefore, 
every year, an enormous amount of meat is discarded and wasted 
because of spoilage in the meat supply chain, which caused huge eco-
nomic losses. In addition, conventional physiochemical detection, mi-
crobial properties, and sensory evaluation of food freshness have 
disadvantages such as cumbersome operation, long detection period and 
inaccurate evaluation (Alkhaled et al., 2021), which make it difficult to 
obtain accurate real-time information on meat freshness for producers, 
sellers and consumers and further lead to the waste of meat in the food 
supply chain. Therefore, the development of intelligent active food 
packaging that can detect the freshness of meat in real-time and extend 
the shelf life of meat is conducive to avoiding the waste of meat in the 
food supply chain and enabling consumers to accurately grasp the 
quality information of meat, which is of great significance for stan-
dardizing the order of food market and safeguarding the rights and in-
terests of consumers. 

The development of intelligent food packaging is extremely rapid. In 
1962, Lawdermilt (Lawdermilt, 1962) proposed the use of indicator 
labels based on pH indicators (such as magenta acid) and CO2 absorbers 

(KOH) to indicate the change in acidity during dairy product spoilage. 
However, single-dye solutions feature some problems, such as the small 
colour range of pH and non-obvious colour change (Valuk et al., 2005). 
Continuous research revealed that the pH indicator label produced by 
mixing various dyes can achieve good indication results (Kuswandi & 
Nurfawaidi, 2017). Unfortunately, if chemical dyes are used for food 
safety testing, then food may be contaminated by the volatilisation of 
toxic substances, which may harm people’s health (Latos-Brozio & 
Masek, 2020). Therefore, chemical dyes are not the most suitable ma-
terials for the production of intelligent food packaging (Shao et al., 
2021; Vu & Won, 2013). Recent theoretical developments have revealed 
that anthocyanins are a class of natural pH indicators that have anti-
oxidant and bacteriostatic activities (Moradi et al., 2019). Anthocyanins 
can react with the gas generated during food spoilage and have a wide 
range of colour development and reversibility (Zhang J. et al., 2019). 
Therefore, anthocyanins are ideal materials for the addition of intelli-
gent food packaging films as pH indicators and preservative ingredients 
(Dainelli et al., 2008). Currently, one of the major topics to be investi-
gated in intelligent packaging is the use of anthocyanins to prepare pH- 
sensitive composite films. In 2017, Choi (Choi et al., 2017) developed an 
intelligent packaging film with purple potato anthocyanins as a pH in-
dicator to detect the freshness of pork. 
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Rice is a vital crop for human beings and about half the world pop-
ulation, including almost all of East and Southeast Asia, is completely 
dependent on rice as staple food. There are many varieties of rice, and 
the content of anthocyanin in different varieties is different. Among 
them, the content of anthocyanin in black rice (Oryza sativa L) is 
particularly prominent (Shao et al., 2018). Black rice has many physi-
ological activities, such as anti-oxidation, lipid-lowering, anticancer, 
antibacterial and anti-allergy functions (Ito & Lacerda, 2019). Studies 
have shown that the physiological activity of black rice is mainly 
attributed to the abundant anthocyanins in the seed coat (Wu et al., 
2019). Moreover, black rice shows excellent antioxidant activity due to 
its high content of phenols, especially anthocyanins, and has the po-
tential to be used in the preparation of active packaging to delay meat 
spoilage (Fang et al., 2020). However, the application of black rice an-
thocyanins in intelligent packaging film is rarely studied (Shao et al., 
2021; Wu et al., 2019). 

In this experiment, we tested the detailed performance of anthocy-
anins in preservation and intelligent indication. Anthocyanins were used 
as a pH indicator to prepare the intelligent active packaging film based 
on chitosan and pectin. The effects of different doses of AEBR on the 
physical properties of composite film were tested. In addition, we 
characterized the changes of AEBR and AEBR-loaded pectin/chitosan 
film under volatile ammonia and meat preservation models by UV–vis 
chromatography to explore the feasibility and discolouration mecha-
nism of anthocyanin film in practical application. 

Experiment 

Materials 

Black rice (Oryza sativa L.), pork and beef were bought from Xin Hua 
Capital Supermarket in Zhang Zhou. Pectin (D-galacturonic acid content: 
≥74 %, mean molecular weight: 109625, esterification degree: 55 %) 
and chitosan (deacetylation degree: 95.6 %, viscosity: 100–200 mPa⋅s) 
were provided by Shanghai Macklin Biochemical Technology Co., ltd. 
(Shanghai, China). Ascorbic acid (Vc) and 1,1-diphenyl-2-picrylhydra-
zyl (DPPH) were provided by Shanghai Yuanye Bio-Technology Co., 
ltd. Absolute ethanol, acetic acid, potassium chloride, hydrochloric acid 
(37 %), ammonia (28 %) and sodium acetate were obtained from Xilong 
Scientific Co., ltd. All reagents were of analytical grade except as 
otherwise noted. 

Extraction of anthocyanins from black rice 

Firstly, black rice was crushed using a grinder (TAISITE Instrument, 
China) and sifted through a 40 mesh sieve to obtain a dry powder ma-
terial, which was stored in a brown reagent bottle in the dark. Subse-
quently, 2 % acetic acid–water solution and absolute ethyl alcohol (1:1) 
were mixed as the extractant. The black rice flour and extractant were 
mixed at the solid–liquid ratio of 1:20 (g: mL). After 30 min of ultrasonic 
treatment, the mixture was heated in a water bath at 50 ℃ for 90 min. 
The supernatant was centrifuged at 4 ℃ and 4000 rpm, and the impu-
rities were precipitated again. Lastly, the solvent was removed by freeze- 
drying, and the solid powder, the anthocyanin-rich extract from black 
rice (AEBR), was collected (Pang et al., 2018). 

Determination of the total anthocyanins content of the AEBR 

The total anthocyanin content (TAC) of the AEBR was determined by 
differential pH method with cyanidin-3-glucoside as the reference ma-
terial by referring to the previous study (Wang P. et al., 2022). The 
anthocyanins were added to buffer solutions with pH 1.0 (0.5 mol/L 
citric acid/HCl) and pH 4.5 (0.5 mol/L citric acid/dipotassium phos-
phate) and dissolved completely. The absorbances of the two solutions 
at 513 and 700 nm were measured by MultiSkan Go (Thermo Scientific, 
U.S.A) after the solutions was left in the dark for 60 min. The TAC of the 

AEBR was calculated as follows: 

TAC (mg/L) =
A × MW × DF × 103

ε × L
(1)  

where A (absorbance) = (A513 − A700)pH1.0 − (A513 − A700)pH4.5; MW is 
the relative molecular weight for cyanidin-3-O-glucoside (449.2 g/mol); 
DF is the dilution factor (V/Wt); ε is the molar absorptivity for cyanidin- 
3-O-glucoside (26900 L/mol⋅cm− 1); and L is the optical path (cm). 

Intelligent indication of the AEBR 

Colour responses of the AEBR to pH values 
Buffer solutions with pH values from 1 to 13 were prepared, and 5 

mg AEBR was dissolved in 100 mL of the buffer solutions. The absorp-
tion characteristics and pH response of the AEBR were analysed by a 
MultiSkan Go microplate reader (Thermo Fisher Co., ltd., USA). 

Colour response of the AEBR to volatile ammonia 
AEBR solution (25 mL, 50 mg/L) and ammonia solution (5 mL, 0.6 wt 

%) were added to the inner and outer chambers of the Conway diffusion 
dish, respectively. The UV–Vis spectra of the AEBR solution were ob-
tained every 10 min by a microplate reader. 

Colour response of the AEBR to the odour of spoiled meat 
AEBR solution (25 mL, 50 mg/L) and 25 g meat (pork and beef were 

used separately) were added to the inner and outer chambers of the 
Conway diffusion dish, respectively. The UV–Vis spectra of the AEBR 
solution were obtained every 24 h by a microplate reader. 

Antioxidant activity of the AEBR 

DPPH solution (72 mL) was placed into 18 centrifuge tubes (10 mL). 
Exactly 0.1–0.8 mL of AEBR solution (20 mg/L) and 0.1–0.8 mL of 
ascorbic acid solution (50 mg/L) were placed into the centrifuge tubes. 
All samples were placed in the dark for 30 min and scanned at full 
wavelength by a microplate reader. The DPPH radical scavenging rate 
was calculated according to Formula (2) by adding 4 mL of DPPH into 
the centrifuge tube as the blank control (Zhang W. et al., 2019): 

DPPH radical scavenging rate (%) =
A0 − An

A0
× 100% (2)  

where A0 is the absorption of the blank control group and An is the 
absorption of the sample. 

Preparation of anthocyanin/pectin/chitosan (APC) composite films 

Firstly, 8 g chitosan was added to 200 mL of deionised water and 
stirred magnetically for 30 min until evenly dispersed. Then, 2 mL of 
glacial acetic acid was slowly added to the solution, and chitosan was 
fully dissolved by magnetic stirring for 12 h. Afterwards, 4 g pectin, 2 mL 
of glycerol and a certain amount of AEBR were dissolved in 100 mL of 
deionised water. Then, the two solutions were mixed and stirred 
magnetically for 4 h until fully mixed. Finally, 20 mL of the membrane 
solution was added to a Petri dish with 9 cm diameter and placed in a 
drying oven at 40 ℃ to remove moisture to obtain the composite film 
(Ye et al., 2020). 

The composite films with AEBR contents of 0, 0.1, 0.2, 0.3 and 0.4 g 
were coded as APC0, APC1, APC2, APC3 and APC4, respectively. 

Measurement of the mechanical properties of the APC composite films 

The APC composite films were cut into 4 mm × 50 mm dumbbell- 
shaped strips, which were customised according to GB/T-258 III. Both 
ends of the prepared samples were clamped with a TA-RT-LIT probe, and 
the mechanical properties of the APC composite films were analysed by 
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a BROOKFIELD (USA) CT3-10 K texturiser. 

Intelligent indication of the APC composite films 

Colour response of the APC composite films to pH values 
The composite films were cut into squares with 4 cm edge and soaked 

in buffer solution (20 mL) with pH 1.0–13.0 on a glass dish for 5 min. 
The colour change of the composite film was recorded using a colour-
imeter. The result was expressed as Lab colour space (L*: lightness, a*: 
red to green; b*: yellow to blue). 

Response of the APC composite films to the odour of spoiled meat 
A 4 cm × 4 cm composite film and 25 g meat (pork and beef are used 

separately) were added to the inner and outer chambers of the Conway 
diffusion dish, respectively. The UV–Vis spectra of the composite film 
were determined every 24 h by a microplate reader. 

Characterization 

The surface molecular groups of the AEBR and APC composite films 
were monitored using a Nicolet IS 10 Fourier transform infrared (FTIR) 
spectrometer (Thermo Fisher Co., ltd., USA) at the scanning resolution 
of 4 cm− 1 in the frequency region from 4000 cm− 1 to 400 cm− 1, and the 
number of scans was 64. A JSM-6010LA scanning electron microscope 
(Electronics Co., ltd., Japan) was used to observe the micro-images of 
AEBR in an appropriate field of vision. 

Statistical analysis 

All tests were repeated thrice. Statistical analyses were performed 
using SPSS 16.0. One-way ANOVA and independent sample t-test were 

conducted to compare differences, and p < 0.05 indicated a significant 
difference. 

Results and discussion 

Typical characteristics of the AEBR 

Fig. 1(a) shows the FTIR spectrum of the AEBR. A wide and strong 
absorption peak could be observed at 3340 cm− 1, which was ascribed to 
the presence of the phenolic and alcoholic hydroxyl groups of the AEBR 
(de Oliveira et al., 2018). The peak at 2979 cm− 1 was caused by the 
methylene stretching vibration on the glycosyl group (Fug et al., 2016). 
Besides, acyl groups were observed in the AEBR. The characteristic peak 
of the stretching vibration of the conjugated carbonyl group was 
observed at ~ 1644 cm− 1 (Huang et al., 2017), which corresponded to 
the structure of the α-carbonyl group on the benzene ring. The absorp-
tion peaks at ~ 1455 and ~ 1415 cm− 1 were assigned to the skeleton 
vibrations of aromatic and heterocyclic rings of benzopyran in the an-
thocyanins. A series of absorption peaks at ~ 1383, ~1327 and ~ 1273 
cm− 1 corresponded to the stretching vibration of carbon–oxygen bonds 
in the glucosyl rings of the AEBR (Liu et al., 2019). Therefore, black rice 
anthocyanins are a kind of partially acylated compound consisting of a 
six-membered heterocyclic ring with one oxygen heteroatom and –OH 
and –OCH3 groups in the benzene ring structure. 

Fig. 1(b) presents the apparent morphology of the AEBR. The surface 
of the anthocyanins had many folds and wrinkles, which might be 
caused by the structure formed by the crosslinking of several poly-
saccharides in the anthocyanins. This structure greatly increased the 
surface area of the AEBR (Zhu et al., 2019). Considering the special 
structure of the AEBR, it can react sensitively with spoilage gases and 
demonstrate good ability for intelligent indication (Li et al., 2019). 

Fig. 1. FTIR spectrum (a), apparent morphology (b), UV–Vis spectra (c) and DPPH radical scavenging (d) of the AEBR.  
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The TAC value of the AEBR was determined based on the UV–Vis 
spectra at pH 1.0 and 4.5. The TAC value of the AEBR determined by pH 
differential calculation was 468.37 mg/g as shown in Fig. 1(c). The 
antioxidant activity of the AEBR was characterised by DPPH radical 
scavenging, and the result is presented in Fig. 1(d). In this part of the 
experiment, the AEBR and ascorbic acid had the same concentration of 
50 mg/L. As shown in the figure, the DPPH radical scavenging of the two 
free radical scavengers increased with the increase in dose. The IC50 
values of DPPH radical scavenging by the AEBR and ascorbic acid were 
4.46 and 34.56 µg/L, respectively, which indicated that the scavenging 
capacity of the AEBR was much higher than that of ascorbic acid. Free 
radicals are atoms or groups with unpaired electrons, which are formed 
by the homogeneous splitting of the covalent bonds of compounds under 
external conditions, such as light and heat. In food, the number of free 
radicals increases with time (Liang et al., 2019). Free radicals weaken 
the resistance of cells and produce chemicals that destroy cells, making 
food susceptible to microbial infection and oxidative deterioration. The 
AEBR had a strong antioxidant activity; thus, it can scavenge free radi-
cals and inhibit food spoilage. Therefore, the AEBR can help preserve 
food effectively (Ahmad et al., 2018; Pang et al., 2018). 

Intelligent indication of the AEBR 

Colour response of the AEBR to pH 
Anthocyanins are plant polyphenols that are widely distributed in 

nature. They exist in most fruit seed coats to varying degrees. During the 
ripening of black rice, a large amount of anthocyanins accumulate in the 
seed coat, making brown rice appear red, yellow and even black (Ito & 
Lacerda, 2019). The colour response of the AEBR to pH is shown in Fig. 2 
(a), and the corresponding UV–Vis spectra are presented in Fig. 2(b–e), 
corresponding to the four structural changes in anthocyanins at different 
pH values. From pH 1.0 to 4.0, the absorption peak appeared at 520 nm 
because of the existence of anthocyanins in the form of red flavylium 
cation. The absorption peak strength at 520 nm decreased gradually 
with the increase in pH value because of the conversion of flavylium 
cations into colourless methanol and chalcone pseudo-bases (Ebrahimi 
Tirtashi et al., 2019). When the pH value increased to 7.0, the flavylium 
cation almost disappeared, and the maximum absorption wavelength of 
the anthocyanins red-shifted (Fig. 2c). When the pH value reached 8.0, 
the solution was yellow-green, and the maximum absorption wave-
length of anthocyanins was 600 nm. These changes are due to the 

Fig. 2. Colour (a), UV–Vis spectra (b, c, d, e) and structural changes (f) of the AEBR at different pH values Significance in difference indicated by different capital 
letter, p ≤ 0.05. 
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transformation of anthocyanins into the blue quinone structure and the 
methylation reaction on its aromatic ring (Sinopoli et al., 2019). As the 
pH value continued to rise, the colour of anthocyanins gradually 
changed to yellow, and the maximum absorbance increased accordingly 
(Fig. 2d). When the pH further increased to 9.0–13.0, the solution turned 
yellow, and the absorption peak at 600 nm decreased with the increase 
in pH. Therefore, the quinone structure of the anthocyanins was un-
stable under strong alkali environment, and the resonant-stable quinone 
anion formed. Therefore, AEBR was sensitive to pH and could change 
from amaranth to red, colourless, green and yellow-green with different 
pH values, which allows the AEBR to act efficiently in the real-time 
monitoring of food freshness. 

Colour response of the AEBR to volatile ammonia and meat spoilage odour 
Amines produced by amino acid decarboxylation are important in-

dicators of food spoilage and microbial growth. These amines comprise 
basic gases, such as ammonia, hydrogen sulphide and dimethylamine. 
They can alter the pH of the surrounding environment, resulting in 
different colour changes in anthocyanins (Mansur et al., 2019). We 
aimed to test the colour response of the AEBR to ammonia and meat 
samples, evaluate the sensitivity of the AEBR to spoilage gases and 
evaluate the feasibility of the use of the AEBR to monitor food spoilage. 
We used ammonia as the characteristic gas of spoilage to simulate the 
volatilisation of nitrogen-containing compounds in meat products dur-
ing spoilage. We used pork and beef as the meat samples and carried out 
experiments under daily living conditions. 

Fig. 3 (a) and (b) shows the visible spectra of the AEBR exposed to 
ammonia for 80 min at intervals of 10 min. During the first 10 min, the 
absorbance of the anthocyanin solution decreased sharply. This is due to 
the rise in the pH of the solution in the presence of ammonia gas, which 
causes the anthocyanins to change from the red configuration to the 
colourless configuration. With the extension of exposure time, the 

absorbance of the solution began to rise and red shift occurred. This is 
obviously because the pH of the solution continues to rise, and the 
molecular configuration of the anthocyanins gradually changes to 
quinone base. 

As shown in Fig. 3 (c) and (d), the absorption values of the AEBR on 
pork and beef were the same. The absorption peak of anthocyanins at 
520 nm decreased gradually in the first 2 days, accompanied with colour 
fading. This result indicated that the red flavylium cation structure of 
anthocyanins gradually decreased and converted into colourless sub-
stances, such as methanol and chalcone pseudo-bases. The flavylium 
cation structure of the AEBR almost disappeared, its maximum absorp-
tion wavelength red-shifted and the absorption peak further decreased 
with the increase in pork and beef spoilage. The anthocyanins turned 
chartreuse at this time. A blue quinone structure formed, and the 
methylation of aromatic rings in the structure made anthocyanins turn 
yellow (Tang et al., 2019). Hence, the AEBR showed different colour 
changes depending on the degree of food spoilage. 

FTIR spectra, mechanical properties and dissolution characteristics of APC 
composite films 

The composite films were prepared by mixing chitosan and pectin, 
during which different amounts of anthocyanins were added. The 
apparent groups of pectin, chitosan and composite film were charac-
terised by FTIR, and the results are presented in Fig. 4 (a) and (b). The 
broad band at ~ 3442 cm− 1 was assigned to –OH, and the peak at ~ 
2924 cm− 1 was caused by the stretching vibration of –CH2 and –CH3. 
Besides, in Fig. 5(b), the peak at ~ 1635 cm− 1 in the spectrum of pectin 
was attributed to the associated –COOH, and that in the spectrum of 
chitosan was assigned to the flexural vibration of –NH2(Xiong et al., 
2016). In addition, the peaks at 1120–965 cm− 1 corresponded to the 
C–O–C of pectin and chitosan. Moreover, in the spectrum of the APC2 

Fig. 3. UV–Vis spectra of the AEBR under volatilisation of ammonia (a, b) and spoilage odour of pork (c) and beef (d).  
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composite film, two new peaks appeared at ~ 1547 and ~ 1395 cm− 1, 
which might be caused by the stretching vibration of bands II and III of 
amide. This condition could be deduced from the fact that the –COOH of 
pectin bonded to the –NH2 of chitosan and formed an amide bond (Wang 
S. et al., 2022). 

Mechanical properties are one of the most important properties of 
food packaging film. Tensile strength and tensile modulus were 
measured and are presented in Fig. 4(c) and (d). The tensile strength of 
the composite films increased with the additive dosage of the AEBR. A 
possible explanation for this phenomenon was that the AEBR containing 
sugar moiety filled the gel network formed by pectin and chitosan and 
therefore enhanced the tensile strength of the composite film. Besides, 
the addition of the AEBR also had a positive effect on the tensile modulus 
of the composite films, and APC2 obtained the highest value. However, 
the tensile modulus of the composite film began to decrease with the 
further increase in AEBR content. This outcome might be due to exces-
sive anthocyanins entering the gel network formed by pectin and chi-
tosan, making the structure more loose. In addition, the modulus reflects 

the properties of the material, and the change in tensile modulus can 
predict the interaction between molecules. It could be seen that antho-
cyanins not only bound to the deprotonated carboxyl groups of the 
pectin side chains through electrostatic interaction due to the structure 
of the flavylium cation, but also formed hydrogen bonds to chitosan and 
pectin, which enhanced the density of the chitosan/pectin cross-linked 
network, resulting in enhancement of mechanical properties of the 
composite film (Xiong et al., 2017). However, when the amount of 
anthocyanin exceeds the optimal ratio, the balance of electrostatic 
interaction between pectin and chitosan with opposite charge was 
broken, resulting in the loose structure of the network and the reduction 
of the tensile modulus (Xiong & Ma, 2017). Furthermore, the tensile 
modulus of APC4 was still higher than that of APC0, indicating that the 
addition of anthocyanins is positive for the mechanical properties of the 
composite film due to the presence of hydrogen bonds. 

The UV–Vis spectra of the composite films are presented in Fig. 4(e). 
The maximum absorption wavelength of the composite film was 575 
nm, and a high AEBR dosage results in a higher absorbance of the 

Fig. 4. FTIR spectra (a, b), tensile strength (c), tensile modulus (d), UV–Vis spectra (e) and dissolution characteristic (f) of the APC composite films Significance in 
difference indicated by different capital letter, p ≤ 0.05. 
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composite film. After the composite film was soaked in deionised water 
for 30 min, the UV spectrum of the aqueous solution was characterised. 
The result is shown in Fig. 4(f), which reflects the dissolution charac-
teristic of the AEBR in the composite film. When the anthocyanin con-
tent reached 0.3 g, the anthocyanins were dissolved obviously in the 
composite film and could be distinguished by naked eyes. 

Intelligent indicator of the APC composite films 

Colour response of the APC composite films 
The AEBR showed different colours in different pH environments, 

which endows it a potential application in food intelligent indicator 
packaging film. Then, the composite film containing anthocyanins were 
added into buffer solutions with different pH values, and their colour 
changes were recorded as shown in Table 1 to determine whether AEBR 
could maintain an intelligent indicator function in composite films. As 

mentioned in Section 3.3, excessive anthocyanins would lead to their 
dissolution from the composite film; therefore, the APC2 composite film 
was used to measure the intelligent indicator characteristics of the 
composite films. 

As shown in Table 1, the composite film showed a magenta colour at 
pH 1.0–4.0. a* and b* values decreased gradually with the gradual in-
crease in pH. This finding indicated that the magenta colour of the film 
became lighter, and blue became the dominant colour. The structure of 
the AEBR in the composite film still changed from red flavylium cation 
to colourless methanol pseudo-base and chalcone (Ebrahimi Tirtashi 
et al., 2019). Beyond pH 5.0, the values of a* and b* continued to 
decrease, and the blue colour continued to deepen. However, at pH 13.0, 
the composite film suddenly turned chartreuse, which was due to the 
instability of blue ionised quinone alkali in the anthocyanin structure of 
the film under strong alkali conditions and the formation of resonantly 
stable quinone anions (Sinopoli et al., 2019). Hence, the AEBR could 

Fig. 5. Response of the APC2 composite film to meat spoilage odour. (a, b): FTIR spectra of the response of the composite film during pork spoilage; (c, d) FTIR 
spectra of the response of the composite film during beef spoilage; (e): UV–Vis spectra of the response of the composite film during pork spoilage; (f): UV–Vis spectra 
of the response of the composite film during beef spoilage. 
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maintain its original pH response after being added to the composite 
film, and the change in colour caused by the change in its own structure 
reflected the pH environment of the AEBR. Given the sensitivity of an-
thocyanins to pH, the composite film with anthocyanins can be used to 
indicate the freshness of food. 

Response of the APC composite film to meat spoilage odour 
The experimental results showed that the composite film could 

inherit the properties of anthocyanins well after the addition of the 
AEBR into the composite film. Therefore, the AEBR composite film was 
used to wrap fresh pork and beef, and its infrared and visible absorption 
spectra were analysed to further explore the discolouration effect and 
practicability of the AEBR composite film. 

The FTIR spectra of the APC2 composite films were measured and are 
shown in Fig. 5(a–d). Similar to the FTIR spectra of anthocyanins, a 
strong and wide absorption peak was observed at 3402 cm− 1 because of 
the existence of hydroxyl groups and polysaccharides on the benzene 
ring and the hydrogen bond association between hydroxyl groups. The 
peaks at 2924 cm− 1 were attributed to the stretching vibration of 
methylene and methine, respectively. The peak at 1642 cm− 1 was the 
stretching vibration characteristic peak of the conjugated carbonyl 
group, which corresponded to the structure of α-carbonyl group in the 
benzene ring of the AEBR. The characteristic peak at 1548 cm− 1 was 
caused by the stretching vibration of the nitro group in the anthocya-
nins’ carbon chain. A new peak appeared at 1535 cm− 1 on the second 
day, which was assigned to the stretching vibration of nitro groups on 
aromatic rings (Stoyanov et al., 2023). The pork and beef deteriorated 
with the increase in the preservation time, resulting in the increase in 
volatile basic nitrogen content in the system. The elevated volatile basic 
nitrogen content destroyed the skeleton structure of the AEBR and 
changed the structure and colour of the anthocyanins (Zeng et al., 2019). 
As depicted in Fig. 5(e) and (f), the colour of the AEBR in the composite 
films changed remarkably with the increase in meat spoilage and the 
release of volatile basic nitrogen. This result was due to the alteration in 
the anthocyanin structure under alkaline conditions (Jiang et al., 2020). 

Table 1 
Colour response of the APC2 composite film at different pH values.    

L a* b* 

pH 1 49.5 ± 2.4 36.7 ± 2.8 5.1 ± 1.1 

pH 2 52.9 ± 5.3 26.2 ± 3.4 6.3 ± 0.9 

pH 3 48.5 ± 4.7 21 ± 2.4 6.3 ± 1.2 

pH 4 45.7 ± 2.9 14.6 ± 1.6 2.9 ± 0.7 

pH 5 41.1 ± 3.4 8.6 ± 0.8 0.4 ± 0.7 

pH 6 41.3 ± 5.9 4.4 ± 1.0 − 1.4 ± 0.7 

pH 7 33.1 ± 3.4 0.6 ± 0.5 − 2.3 ± 0.8 

pH 8 41.8 ± 3.2 − 0.2 ± 0.4 − 3.1 ± 0.7 

pH 9 43.5 ± 2.6 1.6 ± 1.2 − 3.3 ± 0.8 

pH 10 46.9 ± 4.0 − 2.2 ± 0.4 − 3.2 ± 0.9  

Table 1 (continued )   

L a* b* 

pH 11 52.7 ± 4.3 − 2.7 ± 0.7 − 4.0 ± 1.8 

pH 12 43.3 ± 2.1 − 0.4 ± 0.5 − 6.1 ± 0.9 

pH 13 53.3 ± 1.3 0 ± 0.5 7.1 ± 0.3  
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Therefore, the AEBR can be added to the composite film to indicate the 
freshness of food. 

Conclusion 

As natural pigments, black rice anthocyanins have abundant sources, 
high safety coefficient and good antioxidant capacity. They can prevent 
food spoilage and prolong food shelf life. The AEBR showed different 
colour changes depending on the changes in food freshness. Further-
more, when the AEBR was added into the pectin–chitosan composite 
film, the AEBR maintained its original properties and changed in 
structure in accordance with the changes in the environment. Therefore, 
the AEBR is an ideal composite material for intelligent indicator pack-
aging film (Kalpana et al., 2019). It may be used in the preparation of 
pH-sensitive intelligent food packaging film, which can be used as an 
intelligent indicator of food freshness. It is convenient for consumers to 
identify food freshness. This study provides a reference for the devel-
opment and application of anthocyanins from black rice. 

At present, the research of intelligent packaging is deepening. 
However, the application of anthocyanin intelligent film are still facing a 
significant challenge. Future research on the establishment of accurate 
indication relationship between indicators and food freshness and the 
enhancement of hydrophobicity of composite membranes might expand 
the application prospect of anthocyanin intelligent composite films. 
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