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Abstract
This study aimed to to prepare a degradable bacteriostatic aerogel pad that can absorb pork exudate extension for long pork
shelf life. The addition of Graphene oxide(GO) was used to improve the bacteriostatic and mechanical characteristics of
nanocellulose(CNC) and chitosan(CTS) matrix materials, and the bacteriostatic aerogel was obtained by freeze-drying
technique. The results showed that when GO concentration was 0.4wt%, the antibacterial aerogel network had uniform
structure, good mechanical properties and water/oil adsorption, and exhibited effective growth and reproduction inhibition
against Escherichia coli and Staphylococcus aureus. Under the condition of 4℃, the bacteriostatic aerogel with 0.4wt% GO
could be used as the packaging pad of fresh pork, absorbed the juice oozed during the storage process of pork, prolonged the
fresh pork's shelf life and postponed the color, pH, and TVB-N changes.

1. Instruction
In the fresh pork storage process, in addition to the color, smell, hardness and other sensory changes, the most obvious is that
there is juice oozing, these juices will not only affect the sensory evaluation of consumers on the meat, but also more likely to
promote the meat breeding micro-organisms so as to speed up the rate of corruption(Wang et al., 2024). Therefore, the
development of adsorbent pads is necessary in the special case of fresh meat packaging. Aerogels with large internal surface
area, high porosity and uniform pore size have been the preferred choice for adsorbent materials. However, most of the
materials used for the preparation of aerogels are made of chemical synthetic polymers that are di�cult to degrade(Chen et
al., 2022), such as polyurethanes, polyimides and polyvinylidene �uoride. These polymers are highly chemically stable, do not
break down easily and can be harmful to soil, oceans and even entire ecosystems(Benito-González et al., 2020). Therefore, it
has become an inevitable trend to follow the principle of sustainability and the policy of circular economy to reduce the use of
chemicals and fossil energy, and to replace traditional chemically synthesised polymers with biopolymers that are rich in
sources, renewable and degradable. Biodegradable biopolymers prepared from polysaccharides, proteins, lipids and other
substances extracted from silk, wood and plant renewable resources, which are abundantly available in nature, have become
new materials for food packaging(Júnior et al., 2014; Santillo et al., 2022). These studies show that the state of the art in
biodegradable packaging has reached a point where it is promising for widespread use..

As the most numerous and abundant natural polymer material in nature, cellulose and its derivatives are widely found in hemp,
cotton and wood (Zhang et al., 2018). Nanocellulose(CNC) obtained from cellulose hydrolysis has high mechanical properties,
biodegradability and low density(Costa et al., 2021). It has the characteristics of stable performance and recycling, and is a
valuable material for aerogel preparation for research. However, due to the high hydrophilicity of cellulose, the obtained
aerogels are prone to decomposition when exposed to moisture, and thus require hydrophobic treatment(Benito-González et
al., 2020). Chitin is the second largest renewable natural polymer material in nature, mainly extracted from the shells of marine
crustaceans. Chitosan(CTS) obtained from chitin by deacetylation is the only positively charged polymer in natural
polysaccharides(Zhang, 2021). CTS is not only biodegradable but also has good biocompatibility and bacteriostatic
properties(Zhang, 2023). The positively charged CTS contains amino groups, and there are electrostatic interactions with both
the negatively charged CNC and the anionic sulphate semiester groups generated during sulphuric acid hydrolysis to prepare
CNC, and the ionic interactions between CTS and CNC can be used to fabricate stable three-dimensional scaffolds(Doustdar
et al., 2022). Costa et al. (2021) found that the composite �lm formed by surface modi�cation of CNC with CTS had enhanced
tensile properties, water absorption and water vapour barrier properties; The scaffolds obtained by using CNC and CTS as
matrix materials and adding CaCl2 or glutaraldehyde as cross-linking agents can be completely degraded in PBS solution,

which has potential bone tissue engineering applications(Doustdar et al., 2022). From the perspective of environmental
protection and resource recycling, composite aerogels can be prepared by combining cellulose derivatives with chitosan for
meat preservation, but the mechanical properties and bacterial inhibition of aerogels prepared in this way tend to be weak.

Graphene oxide(GO), one of the most promising nanostructures, is a two-dimensional monolayer of sp2-bonded carbon atoms
with good antimicrobial and biosafety properties in addition to excellent thermal and mechanical properties. The structure of
GO contains a large number of functional groups that contain oxygen., llike hydroxyl group (-OH), carboxyl group (-OH), and
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epoxy (-CH(O)CH-), which make GO hydrophilic, and stable chemical bonds can be formed with the polymer molecules, which
ensures good compatibility between GO and hydrophilic polymers(Li et al., 2022; Yang et al., 2019). In previous studies, GO
doping has successfully enhanced the properties of various types of polymers, for example, gelatin(Maryam Adilah et al.,
2022), chitosan(Yadav & Ahmad, 2015), polylactic acid (Zhao et al., 2022). Wu et al. (2023)’s study showed that
starch/chitosan �lms modi�ed with carboxymethylcellulose-modi�ed graphene oxide can be used to preserve fruit, Arfat et al.
(2018) and Maryam Adilah et al. (2022) similarly suggested that composites containing graphene oxide have potential for
food packaging applications.Studies on compostability and biodegradability(Cruz et al., 2023; Han Lyn et al., 2019) have
shown that GO/polymer �lms decomposed down in soil burial tests.

In this research, GO was doped into CNC/CTS aerogels, CNC/CTS/GO antibacterial aerogels were prepared by freeze-drying
technique, and the attributes of the aerogel were characterised, and the effect of the aerogel mat on fresh pork preservation
and its biodegradability were further analysed.

2. Materials and methods

2.1 Instruments and materials
Microcrystalline cellulose(MCC), CTS(degree of deacetylation ≥ 95%, viscosity: 100-200mpa.s, Mw = 1,000,000)and GO(sheet
size: 0.5–1.5µm, thickness: 1-3nm) from Sinopharm Chemical Reagent Co., Ltd. were acquired. Every chemical was graded as
an analytical reagent. Sample preparation was done using deionized water.

2.2 Preparation of CNC/CTS/GO aerogels
CNC was obtained by hydrolysis of MCC using sulphuric acid, which was con�gured into a 6wt% aqueous solution and
ultrasounded until completely dissolved for use. Dissolved CTS powder in 2wt% acetic acid and stirred until dissolved to
obtain 4wt% CTS solution and set aside. Added the GO powder to ultra-pure water, ultrasounded until the GO powder was
completely dissolved, get the GO water solution, set aside. The three solutions were added to the reaction bottle and stirred in
the water bath for 3h to obtain the mixed solution, which was packed in the 24-well plate. Pre-frozen at -80℃ for at least 3h,
then freeze-dried at -60℃ for 48h, to obtain CNC/CTS/GO antibacterial aerogel(Fig. 1).

2.3 Characterization of CNC/CTS/GO aerogels
The aerogel samples' infrared spectra were recorded within the scope of 500–4000 cm-1 using an IR-960 Fourier transform
infrared spectrometer (FT-IR) (Tianjin Rui Bank Technology Co., Ltd.).

The dried aerogels were sticked to the sample table with conductive adhesive, and the scanning electron microscope was
used to the sample surfaces. (VEGA3.TESCAN) at 20 kV with a magni�cation of 100×.

Each aerogel's weight was determined by an analytical balance, and measured the diameter by vernier caliper and measuring
the height at three different positions. Aerogel density was calculated from Eq. (1). where v represented the aerogel sample's
volumetric weight and m was weight.

Density =  (1)

Aerogels’ porosity was measured by liquid replacement method. Ethanol was chosen as an alternative liquid because it can
easily pass through the pores without causing structural changes in the samples. Furthermore, the sample was insoluble in
ethanol. The sample (W1) was weighed and immersed in ethanol for 5 minutes, subsequently the sample was removed and
weighed (W2). The porosity ε was computed using the subsequent Eq. (2) (Doustdar et al., 2022).

m

v

ϵ =
w2 − w1

ρeth × Vscaffold



Page 4/18

2

The mechanical properties of the dried aerogels were measured at room temperature using a TA-XT Plus mass tester (Stable
Micro Systems, UK). The test rate was 60 mm/min; compression deformation was 70%; test speed was 1.0 mm/s; and a
cylindrical acrylic probe (P/36R) with a diameter of 36 mm. All measurements were made in at least triplicates.

Placing the aerogel sample in distilled water or peanut oil, removed periodically, weighed after removing excess liquid from the
surface, and the process was repeated until the sample mass reached equilibrium and the amount adsorbed per gram of
sample was calculated. After equilibrium, the samples were dried under ambient conditions until the weight was constant
(about 24 hours) and the water/oil adsorption was calculated from Eq. (3), where Wd and Ww denoted the weights of the
samples prior to and following the water/oil absorption test. The mass of the sample after 24 hours and the starting mass of
the sample at equilibrium were used to compute the retention capacity of water and oil, as shown in Eq. (4) (Chatterjee et al.,
2020), where W24h is the sample's mass following the water or oil absorption and leaving it at 25°C for 24 hours, and W0h was
the mass of the sample after saturating with water/oil.

water/oil adsorption capacity(g/g) = (Ww−Wd)/Wd (3)

Water and oil retention capacity(%)=(W24h − Ww)/(W0h − Ww) (4)

The samples were weighed (W1) and soaked in distilled water at ambient temperature, after 24 hours the samples were
removed from the water, the water was wiped off the surface of the samples and the weight (W2) was measured. The degree
of swelling (WSD) was calculated by Eq. (5).

WSD=((W2 − W1)/W1)×100% (5)

Turbidimetric method was used to measure the bacterial inhibition rate of the aerogel(Wu et al., 2023). The bacterial
suspension with the aerogel sample added was used as the experimental group and the suspension without the sample
added was used as the blank control group. The bacteria were shaken at 37°C and 200 rpm for 2, 4, 6 and 8 h. The OD value of
the bacterial solution at each time point was determined at 600 nm using a visible spectrophotometer. The antibacterial
characteristics of the aerogels were quantitatively characterized by calculating the average value of three trials conducted for
each group.

The matrix soil was mixed proportionally with vermiculite to evaluate the degradability of the aerogel and Bacillus subtilis
solution was added to speed up the degradation process. The test conditions were room temperature 25°C and soil relative
humidity 95%, after 10, 20 and 30 days, the biogels were removed, washed and dried until the quality of the aerogels did not
change anymore. The biodegradation rate was assessed according to the Eq. (6), where mf denotes the weight of the aerogel
after oven drying (g) and mi is the starting weight of the aerogel (g)(Yang et al., 2022).

Biodegradation rate(%)=((m f -m i )/m i )×100% (6)

2.5 CNC/CTS/GO aerogel pad for fresh pork preservation
The purpose of the preservation studies was to evaluate the ability of GO-0.4 antibacterial aerogel to preserve fresh pork(Zeng
et al., 2022). Simply, fresh pork was selected and separated into three groups. The control group was placed directly in the tray
and the experimental group was �lled with trays of composite aerogel pads (GO-0) and antimicrobial aerogel pads (GO-0.4),
respectively, and stored at 4°C. Physico-chemical parameters of fresh pork samples were determined on days 0, 2, 4, 6, 8, 9,
10, 11, 12 and 13.

L*(brightness), a*(red/green) and b*(yellow/blue) values for fresh pork samples, used Minolta Laboratory colorimeter (CM-5,
Minolta Camera Corporation, Osaka, Japan)(Duran et al., 2016)
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The sample mass M1 before storage and M2 after storage were accurately weighed, and the mass loss was calculated
according to Eq. (7).

Mass loss(%)=  (7)

The method of Chen et al. (2022) was utilized for measureing the pH of pork samples.

TVB-N content was an indicator of meat freshness, according to the standard NP-1848-1987, measured by microdiffusion
method(Costa et al., 2021).

2.6. Statistical analysis
Graphs were plotted with the aid of Origin 2021. (OriginLab Co., Northampton, MA), the mean and standard deviation of the
data were reported, using SPSS 25.0 software(SPSS Inc., Chicago, IL), one-way analysis of variance (ANOVA) was used to
analyze signi�cant differences (P < 0.05).

3. Results and discussion
3.1 Characterization of CNC/CTS/GO aerogel

The surface morphology of the antibacterial aerogels were seen with the use of scanning electron microscopy, as depicted in
Fig.2A. There was a three-dimensional mesh structure in every aerogel sample., and the size of the aerogels' pores gradually
decreased and converged with the rise in GO addition. When the GO was not added, hydrogen bonds were formed between
CNC and CTS through electrostatic interactions, and there was obvious aggregation in the aerogel, which was attributed to the
fact that CNC was easy to self-assemble in the polymer matrix to form coarse aggregates without GO. When GO was added, in
addition to the formation of hydrogen bonds between CNC and CTS(Chaichi et al., 2023), there was a reduction in the
formation of CNC aggregates due to the two-dimensional planes of GO that can absorb compatible nanomaterials as well as
the similar oxy-surface functionality of CNC and GO, which promotedd the formation of many cross-links between them
(Santillo et al., 2022). Moreover, the reaction of the carboxyl groups of GO with the amino groups of CTS to form hydrogen
bonds also enhanced the structure of the aerogel (Gong et al., 2019), which tended to stabilize and homogenize the aerogel's
three-dimensional network.

The aerogel prepared with the addition of GO was extremely lightweight and it can stand on a dandelion as shown in Fig.2B.
The density of antibacterial aerogel with added GO was signi�cantly higher than that of composite aerogel without added GO
(Fig.2C). There wasn't a noticeable variation in the density increase when the addition amount is 0.2wt% ~ 0.4wt%. When the
GO concentration reached 0.8wt%, the aerogel density was about twice as high as that without GO addition. On the one hand,
this was because of the formation of strong hydrogen bonding interactions between GO and the CNC/CTS polymer
chains(Gong et al., 2019), which acted as an auxiliary, which was consistent with the SEM results. On the other hand, this was
due to the fact that GO hada certain mechanical strength and that GO was homogeneously embedded in the polymer network
structure, avoiding severe volume shrinkage. (Ashiri & Mehdipour, 2018).

The more pores, the greater the speci�c surface area, which means that aerogels have more active surfaces with higher
adsorption capacity. This gave aerogels important applications in adsorption and catalysis. Fig.2D showed the porosity of
aerogels with different concentrations of GO added, it can be seen that the porosity of the aerogel demonstrated a propensity
to rise before falling with the increase of GO concentration, and the porosity of the aerogel was the largest when the
concentration is 0.2wt%, which indicated that at this time, the framework of the aerogel was the most equilibrium with the
porosity.The smaller porosity when the concentration of GO was low was due to the self-assembling behaviour of the CNCs to
form aggregates (Santillo et al., 2022); At high concentrations, the smaller porosity may be due to the saturation of GO, where
GO nanosheets that did not form hydrogen-bonded connections attach to occupy the empty area created by the polymer
chains, and the pore size decreased (Li et al., 2022).

× 100%
M1−M2

M1



Page 6/18

3.2 Mechanical properties of aerogels
The aerogel samples' stress-strain curves (Fig.3) can be categorized into the subsequent phases. The stress and strain in the
�rst stage are linear because the stress was small, the curve was relatively �at, at this time the aerogel produced an elastic
shape, with the contraction of the aerogel, the stress gradually increased. In the second stage, it should be under higher strain,
the curve gradually changed from linear to non-linear, and the aerogel started to deform. In the third stage, the curve stabilises
after the aerogel specimen reached the yield stress and the plastic deformation produced during this phase further caused the
aerogel structure to collapse. In the �nal stage, the stress increases dramatically, the pore volume was compressed, and the
aerogel's initially porous, loose three-dimensional network structure became dense.

The compressive strength of the aerogel samples with different GO concentrations varied signi�cantly and as the
concentration of GO rose, the compressive strength also increased. Moreover, at an addition concentration of 0.4 wt%, the
aerogel was capable of carrying a maximum weight of 180 g without damaging its shape or appearance(Fig.3). This
phenomenon occurred because increasing the content of GO as a reinforcing material increases the strength of the aerogel
structure (Wu et al., 2023). The hydroxyl groups of CNC and the amine groups of CTS can interact to form effective hydrogen
bonds. With the increase of GO content, the aerogels with GO added had better mechanical properties than those without GO
due to the hydrogen bonding between CNC and GO, suggested that GO acted as a reinforcing phase. Another study showed
that the amide groups formed by the reaction of CTS with the carboxyl groups of GO increased the degree of �bre
entanglement and thickened the surface of the samples due to the addition of GO. Therefore, it was experimentally
demonstrated that GO formed stable and uniform cross-links with CNC and CTS, which improved the mechanical properties of
the aerogel.

3.3 Swelling capacity of aerogels
As the GO concentration increased from 0 to 0.8wt%, the colour of the aerogel gradually changed from the white colour of GO
itself to brown (Fig.4A). The aerogel samples were immersed in water for 24 hours to con�rm the water stability of the
aerogels through the dissolution and swelling of the aerogels. When the dry aerogel came into touch with water, it absorbs the
water readily and creates hydrate, which led to the expansion of the aerogel structure, and the color gradually changed to dark
brown, but the aerogel still maintained its original morphology for a long time in the water. (Fig.4B). As soon as the water
absorption force and retention force reached a balance, the aerogel reaches the maximum water absorption force. If the water
absorption persisted, the structure of the aerogel will be damaged (Wang et al., 2024). Table 1 illustrated that with the rise in
GO concentration, the degree of swelling of the aerogel increased and then decreased. When the concentration of GO is
0.4wt%, the swelling degree reached the maximum, indicating that the structure of GO-0.4 aerogel is more stable, which is
related to the increase in the degree of �bre entanglement after the addition of GO. At this time, the water molecules entering
and leaving the internal channels of the aerogel sample reached equilibrium, consistent with the adsorption of water/oil by the
aerogel.

Table.1 Swelling degree of GO aerogels with different concentrations(0, 0.1wt%, 0.2wt%, 0.4wt%, 0.8wt%) and after dissolution
(B).

GO
concentration

GO-0 GO-0.1 GO-0.2 GO-0.4 GO-0.8

Swelling
capacity

2323.138±181.65C 2630.76±117.944AB 2523.37±67.55B 2713.97±35.22A 2583.88±177.42AB

Notes: The values are mean ± SD of three deviations. Different letters “A, B, C” in the same column indicate signi�cant
differences (P < 0.05).
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3.4 Water/oil adsorption and desorption capacity and retention rate of aerogels
As shown in Fig.5, the aerogels had excellent oil and water absorption. After the addition of GO, the aerogels' capacity to
absorb both water and oil with 0.2wt% and 0.4wt% GO were changed to different degrees, and the water absorption and oil
absorption of the aerogels showed an increasing trend. This occurred as a result of GO's addition, the aerogel pad reformed a
more ordered porous structure that was more conducive to the adsorption of water and oil(Yang et al., 2019). However, when
the addition amount reached 0.8wt%, part of the GO existed in the aerogel pad in the way of �lling, but affected the entry and
exit of water and oil, which also explained the higher water retention rate of GO-0.8 aerogel. In addition, after CNC, CTS and GO
were combined, the combination of hydroxyl and carboxyl groups reduced the hydrophilic groups on the surface of CNC and
GO, and the hydrophilicity decreased(Wang et al., 2014). The oil retention rate of all aerogels was close to 100%, and there was
no signi�cant reason mainly because the viscosity of the oil was larger, and the volatile temperature of the oil was as high as
190℃, and the loss was very small at 25℃.

3.5 FT-IR of aerogels

The FT-IR spectra of CNC, CTS, GO, CNC/CTS aerogel, and CNC/CTS/GO aerogel were shown in Fig.6. CNC/CTS/GO aerogel
had stretching vibrations of -OH and N-H at 3200-3450 cm-1, C=O stretching at 1643 cm-1, stretching vibrations of carboxyl
groups at 1053 cm-1, and amide group hydroxyl groups at 1643 cm-1. Compared to the CNC/CTS aerogel, the characteristic
peaks of CNC and GO were not well discerned due to the overlap of the characteristic peaks associated with CTS, but the
appearance of the amide group peak at 1643 cm-1 and the increase in the intensity of the carbonyl peak at 1628 cm-1 were due
to the increase in the carbonyl group concentration upon the incorporation of CTS and the formation of amide groups by
reacting with GO, which demonstrates that the GO has formed crosslinks with CNC
and CTS(Gong et al., 2019).

3.6 Antibacterial activities of aerogels

The growth curves of Staphylococcus aureus and Escherichia coli were displayed in Fig.7, it went to show that the OD values
of E. coli and Staphylococcus aureus grew steadily over with incubation period. After adding aerogel samples, OD values of
Staphylococcus aureus and Escherichia coli decreased signi�cantly, and OD values of bacteria decreased with the increase of
GO concentration. This was because both CTS and GO have antibacterial ability, and the antibacterial mechanism of chitosan
was mainly the electrostatic interaction between its positive charge and microbial cell membrane with a negative charge,
which led to the intracellular component leaking and resulted in the demise of cells. However, the positive charge of chitosan
in GO-0 aerogel and the negative charge of CNC generated electrostatic interaction, resulted in a large reduction of positive
charge, and the antibacterial effect was not obvious(Costa et al., 2021). The bacteriostatic mechanism of GO was the direct
contact between GO and bacteria, and the RNA of the bacterium was destroyed by the membrane tension that GO's sharp
edge causes(Cao et al., 2022). When the GO concentration was higher, the antibacterial effect was better. It could also be seen
from Fig.7 that the inhibition effect of aerogel samples on Staphylococcus aureus was stronger than that of E. coli, that was
because the difference in cell wall structure between the two bacteria. While Staphylococcus aureus had a thicker cell wall
than E. coli, since it lacked an outer membrane, direct contact interactions are di�cult for it to withstand. When GO
concentration is 0.4wt% and 0.8wt%, there was no signi�cant difference in the inhibition effect of aerogels on Escherichia coli.
Therefore, combining the results of solubility and water-oil adsorption, we chose GO concentration of 0.4wt% to prepared
antibacterial composite aerogels for the following experiment.

3.7 Analysis of the effect of pork preservation
As the duration of storage increased, the quality loss rate of all pork samples showed an increasing trend (Fig.8A). This was
because tissue shrinkage caused by the in�uence of external environment during storage was caused by the loss of moisture
in the pork itself, as well as the loss of nutrients, resulting in the reduction of pork quality(Wang et al., 2024). The mass loss
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rate of the GO-0 and GO-0.4 groups was higher than that of the blank control group, mainly because of the high adsorption
capacity of the aerogel pad, which could quickly absorb the juice of the pork and prevent the existence of the juice from
providing favorable conditions for the reproduction of microorganisms.

From day 0 to day 13, the color of pork in all groups changed from bright red to dark red, and the surface of pork in the blank
group had obvious moisture, and the color was darker than that in the other two groups Fig.8B . The values of L* (brightness),
a* (red/green) and b* (yellow/blue) were indicators to evaluate the color of pork. The values of L* (Fig.8C), a* (Fig.8D) and b*
(Fig.8E) all exhibited a declining trend as the amount of time spent storing pork increased, which was because myoglobin in
muscle was oxidized to oxygenated myoglobin after contact with air. With the extension of muscle contact time with oxygen,
oxygenated myoglobin was gradually oxidized to high ferrimyoglobin, giving meat a dark brown color. The content of
oxygenated myoglobin decreased after oxidation, and the color of pork gradually turned yellow(Xi et al., 2023).

Fig.9A displayed the variation of pH value of pork with varying storage times. With the extension of storage time, all samples
exhibited a trend of initially dropping and then increasing. The pH of all samples on day 3 was lower than at the time of
slaughter because the initial drop in pH was likely due to the accumulation of inorganic phosphoric acid brought on by the
depletion of muscular adenosine triphosphate (ATP) depletion and the breakdown of glycogen to produce lactic acid(Lan et
al., 2016). After the fourth day, the pH of pork began to gradually increase, mainly due to the degradation of proteins by meat
spoilage microorganisms and endogenous enzymes to produce ammonia, amines and other basic substances, which
gradually accumulated as storage duration increases(Xu et al., 2023). The normal range of pH value: 24 h after slaughter pH
value is 5.45~5.80, the pH value of ordinary fresh pork is 5.8~6.2, the pH value of secondary fresh meat is 6.3~6.7, and the pH
value of rotten meat is above 6.7(Chen et al., 2022). As seen in Fig.9A, the pH of the samples in the blank group exceeded the
normal range of fresh meat pH on day 9, while the pH of the samples in the GO-0 and GO-0.4 groups exceeded the normal
range later than that of the blank group, suggesting that the use of the aerogel pads effectively delayed the deterioration of
pork. This indicateed that the use of aerogel pads was effective in delaying the deterioration of pork, while the pH of the
samples from the GO-0.4 group reached the limit of spoilage only after 12 days, indicating that the addition of GO produced
favorable results for the extension of the shelf-life of pork.

Fresh pork should be less than 15 mg/100 g, sub-fresh meat range of 15 mg/100 g~25 mg/100 g, more than 25 mg/100 g has
lost food value(Costa et al., 2021). The TVB-N of all pork samples (Fig.9B) showed an increasing trend during storage, which
caused by the pork in microorganisms and protein enzymes, and the protein decarboxylated and deammoniated reactions,
resulting in alkaline substances such as amines and nitrogen(Wan et al., 2020). The content of these substances also had a
great impact on the freshness of pork(Bai et al., 2023). It can be seen that the TVB-N value of the blank group increased most
rapidly, reaching the range of secondary meat on the 9th day and corrupting on the 10th day, and the GO-0 group reached the
range of sub-fresh meat on the 11th day, while the samples of the GO-0.4 group reached the range of sub-fresh meat three
days later than the blank group. The outcomes demonstrated that the adding of GO signi�cantly extended the shelf life of
pork.

3.8 Biodegradability of aerogel
Biodegradability test is a crucial instrument to evaluate the environmental compatibility of prepared materials. The GO-0.4
aerogel sample was biodegraded by soil burial degradation for 30 days. As shown in Fig.10, after soaking in soil for 30 days,
the weight was reduced by 51%, a result consistent with other studies on the degradation of nano�ber wikis(Dong et al., 2023).
The �ndings indicated that even though adding GO enhanced the antibacterial ability of the aerogel, the aerogel material still
had biodegradable behavior, which may be related to simulated environmental effects in the soil, such as humidity, different
types of microorganisms, and temperature(Abou Hammad et al., 2019).

4. Conclusions
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This study con�rmed that the CNC/CTS aerogel added with GO has antibacterial effect and can be used as a liner for fresh
meat. The CNC/CTS/GO aerogel pad was prepared by freeze-drying. The results demonstrated that the aerogel exhibited good
mechanical properties and water/oil adsorption when GO concentration was 0.4wt%, and had good inhibition effect on
Staphylococcus aureus and Escherichia coli. The antibacterial aerogel pad prepared by adding 0.4wt% GO can extend the shelf
life of fresh pork at 4℃.
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Figure 1

Schematic diagram of the synthesis method of CNC/CTS/GO antibacterial aerogel

Figure 2
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SEM images(A), the aerogel stands on dandelion(B), Density(C) and porosity(D)of aerogels with different concentrations of GO
(0, 0.1wt%, 0.2wt%, 0.4wt%, 0.8wt%)

Figure 3

Stress-strain curves of aerogels with different concentrations of GO(0, 0.1wt%, 0.2wt%, 0.4wt%, 0.8wt%)

Figure 4
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Visual picture(A) of GO aerogels with different concentrations(0, 0.1wt%, 0.2wt%, 0.4wt%, 0.8wt%) and after dissolution (B).

Figure 5

Water adsorption (A) and oil adsorption (B) capacities and retention rates (C) of aerogels with different concentrations of GO
(0, 0.1wt%, 0.2wt%, 0.4wt%, 0.8wt%)
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Figure 6

FT-IR spectra of aerogels with different concentrations of GO (0, 0.1wt%, 0.2wt%, 0.4wt%, 0.8wt%)
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Figure 7

Growth inhibition curves of S.aureus (A) and E.coli (B) by adding aerogel with different concentrations of GO (0, 0.1wt%,
0.2wt%, 0.4wt%, 0.8wt%)

Figure 8

Masst loss rate (A), appearance (B), L* (C), a* (D)and b* (E) of pork samples during storage period
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Figure 9

pH (A) and TVN-N (B) of pork samples during storage period
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Figure 10

Biodegradation rate of GO-0.4 aerogel sample in soil


