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Abstract

Background and purpose: The annual volume of food waste including meat is almost one
third of the global production of edible food. One of the main causes of meat deterioration is the
disease caused by microorganisms. However, by continuous and real-time tracking of food
spoilage, the waste can be significantly reduced. One of the main procedures to identify the
change in the quality of the food inside the package is the change in pH by employing
natural polymers containing pH-sensitive substances. Applying such polymers, it is possible to
characterize the condition of the meat inside the package. Anthocyanins are natural substances
sensitive to pH. This research investigated the use of eggplant peel extract to make a pH-sensitive
Nanocellulosic biofilm as an indicator of meat spoilage inside the package.

Materials and methods: Eggplant peel, after crushing and passing through a sieve, was
subjected to extraction in two separate methods (with and without formic acid). The amount of
anthocyanin in each method was investigated and then the appropriate extraction method was
selected based on the amount of anthocyanin obtained. The resulting anthocyanin, as the main
substance sensitive to pH changes, was used in different percentages until the desired result was
reached, to make nanocellulose film. In the production of nanocellulose film, anthocyanin was
stabilized with the help of two types of cross-linking polymers, namely Penta sodium triphosphate
and polyvinyl alcohol, in two separate paths, inside the nanofibrocellulose film, by casting
method, at a temperature of 38C for 72 hours in an oven. The resulting film, as an indicator of
meat spoilage, was placed inside the packaging of meat products. Some of the test packages were
kept at room temperature for three days and others were kept in the refrigerator for seven days.
The change in color of the films was evident in both cases, which indicated the microbial
contamination of the meat.

Result: The results showed that the amount of anthocyanin in the extraction method with
formic acid is twice that of the extraction without it. The L a b test related to Nanocellulosic films
showed that the b factor increased three and half times in the films inside the package after
spoilage. Examination of the films with XRD showed that the addition of the binding polymer as
well as the extract increases the degree of crystallinity of the nanocellulose film. Also, the results
of FTIR showed that by adding binding polymers, new functional groups are created in the
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nanocellulose film, before and after being placed inside the packaging.

Conclusion: In this research, eggplant peel extract was used to make pH-sensitive
nanocellulose film. In terms of anthocyanin content, the method with formic acid was superior to
the method without it. Nanocellulose film, in the vicinity of deteriorated meat changed color and
became greenish yellow. The results show an increase in the degree of crystallinity due to the
interaction between the components of the film. The extract itself also turned red in acidic pH and
greenish-brown in alkaline pH. Finally, it was found that by using the visible color change of the
aforementioned biodegradable nanocellulose film, it is possible to visually know the condition of
the food inside the package.

Keywords: Nanocellulose, anthocyanin, eggplant peel, meat spoilage indicator and pH.
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Table 1- Amount of anthocyanin in eggplant peel extract, with different extraction methods

Type of extraction method

Anthocyanin content (mg/L)

After mesh No.40, with formic acid

After mesh No.40, without formic acid

Without mesh, with formic acid

Without mesh, without formic acid
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Table 2- Color spectrum of control films and films inside meat packaging

Samples L A b EA

(CNF + EA) Blank Film 60 -0.8 6.7 0
CNF+EA+PVA 54 35 8.4 7.57
(CNF+EA+PVA) meat 54 55 27 22.09
CNF+EA+Na5P3010 53 -0.9 55 7.10
(CNF+EA+Na5P3010) meat 53 1.2 22.7 17.58
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