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hydrogel prepared from a licorice
residue extract

Xiaoru Shi, †a Liqun Wang,†b Qian Chen,a Qijian Zheng,a Hongli Chen c

and Xi Li *a

A licorice residue extract was used as a precursor to prepare hydrogels in this study. The hydrogels were

successfully prepared by dissolving the licorice residue extract in an NaOH/urea aqueous solution

system and crosslinking it with epichlorohydrin (ECH). A scanning electron microscope (SEM) and Fourier

transform infrared spectrometer (FTIR) were used to analyse the morphology and structure of the

hydrogels. The water retention capacity of the hydrogels was also studied. After being characterized, the

hydrogels were applied to fruit preservation. Blueberries were selected for the application, and sensory

evaluation, weight loss ratio, decay ratio and vitamin C content were taken as indicators to evaluate the

effect of hydrogels on fruit preservation. The hydrogels which were brown had good water retention and

antibacterial effect on Escherichia coli and Staphylococcus aureus. They can retain the sensory

properties of blueberries, significantly reduce the weight loss ratio and rotting ratio, delay the decrease

of vitamin C content, and have a good fresh-keeping effect. In summary, this hydrogel could be used as

a water-retaining, antibacterial and fresh-keeping material, and provides a more efficient and potential

choice for substituting plastic in various branches.
Sustainability spotlight

In recent years, it has been increasingly concerned about environmental pollution caused by oil-based material. The sustainable development of cellulose as
a renewable resource has also received widespread attention. Cellulose can play a huge role in food preservation and applications; its molecular chain has a large
number of hydroxyl groups, which can react with many small molecule compounds to modify them to produce different cellulose products with antibacterial
properties. However, most of the cellulose resources have not been effectively utilized up to now, so we used alkaline extraction to obtain extracts from licorice
residue to prepare hydrogels as a new membrane. The comprehensive performance and application prospects in food preservation of hydrogels were studied.
The prepared hydrogels had good water retention and antibacterial effect on Escherichia coli and Staphylococcus aureus, and had a good fresh-keeping effect. The
licorice residue extract antibacterial hydrogel not only improves the comprehensive utilization rate of licorice, but also reduces environmental pollution because
of its biodegradability, providing a more effective and potential option for the replacement of plastics in various elds.
1 Introduction

In recent years, with the rapid development of the economy and
technology, the problems of environmental pollution and waste
of resources are becoming increasingly serious. The utilization
and research of renewable resources have gradually attracted
extensive attention from relevant personnel.1 As a renewable
resource, cellulose is widely distributed in nature and has
abundant reserves. Because of its low raw material cost, strong
processability, biodegradability and biocompatibility, it is also
widely used in medicine, food, pesticides and other elds.2
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However, most of the cellulose resources have not been effec-
tively utilized up to now, so how to further effectively separate
and extract cellulose to reduce resource waste has become an
issue which is worth paying attention to. ref. 3–5.

Most of the food plastic wrap products currently used are PE
materials, most of which only prevent contact between external
bacteria and food, but cannot inhibit the growth of bacteria.
Therefore, to a certain extent, the fresh-keeping effect is limited.
This type of fresh-keeping lm is difficult to decompose under
natural conditions, which also causes pollution to the envi-
ronment and is not environmentally friendly.6 Due to the
excellent lm-forming properties, hydrogels have been used as
fresh-keeping packaging materials in recent years. A hydrogel is
a kind of so material with a three-dimensional network
structure, which can absorb a large amount of water in a short
time to reach a swollen state, and be insoluble in water.7,8 At
present, the production of the vast majority of hydrogel requires
a large amount of non-renewable resources, and it is not easily
© 2024 The Author(s). Published by the Royal Society of Chemistry
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degraded, causing certain damage to the environment. The
hydrogels prepared from natural hydrophilic polymers such as
cellulose have excellent biocompatibility and degradability, and
have broad application prospects because of their wide range of
rawmaterial sources and low cost.9 Although using biopolymers
to produce hydrogels is more sustainable in certain aspects, it
cannot be used in all applications. For instance, PEG-hydrogels
are an excellent candidate for biomedical materials despite
their petroleum-based origin, and it is hard to use other types of
sources because of the high demand in this area.10 Cellulose has
a large number of hydroxyl groups in its molecular chain, which
can react with many small molecular compounds and modify
them tomake antibacterial lms. For the preservation of food, it
can not only inhibit the growth of bacteria and prolong the
preservation time, but also degrade in the natural environment
without causing pollution to the environment.11,12 In summary,
cellulose or its derivatives can play a huge role in hydrogel and
food preservation application.13

According to the source of cellulose, it can be divided into
plant, animal and mineral cellulose. The main sources of plant
cellulose are cotton, wood and grass (including crop waste).
However, there are few reports on the isolation of cellulose from
licorice residue.14 The licorice residue is the dregs le by
hydrothermal treatment of licorice (similar to the traditional
Chinese medicine decoctionmethod). Licorice residue is rich in
cellulose and hemicellulose, as well as a large amount of
avonoids (3.0–3.5%), polysaccharides, alkaloids, and trace
elements.15,16 China produces about 6–7 million tons of licorice
residue every year.17 However, only a small part was reused (just
to feed pigs or cows) while most of it was incinerated or dis-
carded as solid waste.18 Up to now, the potential application of
licorice residue has not been further explored. The licorice
residue is supposed to be a more useful resource rather than
a waste. How to realize the efficient utilization of licorice
residue has become an attractive direction.

Therefore, we used alkali extraction to obtain cellulose-like
extracts from licorice residue, and used ECH as a cross-
linking agent to prepare a hydrogel for upgrading it into
a new antibacterial lm-forming material. Then the hydrogels
were characterized using a scanning electron microscope (SEM)
and Fourier transform infrared spectrometer (FTIR). In order to
further evaluate the bacteriostatic activity of the hydrogels,
Escherichia coli (E. coli) and Staphylococcus aureus (S. aureus)
were selected as targets. The blueberries that are not easy to
preserve were used as the targets of food preservation, and the
sensory evaluation, weight loss rate, decay rate, and the content
of vitamin C were taken as indicators to study the application
prospects of hydrogels in food preservation.

2 Experimental
2.1 Materials

Licorice was used as a raw material and was obtained from
Gansu Province to extract cellulose. Epichlorohydrin (ECH),
sodium hydroxide (NaOH), and urea (CH4N2O) were analytical
grade and purchased in China (Damao Chemical Reagent
Factory). Escherichia coli (E. coli) and Staphylococcus aureus (S.
© 2024 The Author(s). Published by the Royal Society of Chemistry
aureus) freeze-dried bacterial powders were also purchased in
China (Huankai Microbial) to prepare the suspended bacterial
cultures. Aer resuscitation, the suspended bacterial cultures
were frozen in a refrigerator at −80 °C until use. Nutrient broth
(HB0108), nutrient agar (HB0109), tryptone soy broth (HB4114),
Baird-Parker agar base (HB4115) and tellurate yolk enhancer
solution (HB4116-1) were also purchased in China (Hopebiol
Biotechnology).

2.2 Extraction and pretreatment of licorice

The licorice residue was used as the source raw material, and
the cellulose-like extract was obtained by the alkali extraction
method, for which Ma Z. et al.19 was referred to to prepare
a novel super-absorbent polymer with some modications.
Chang C. et al.20 and C. Jie et al.21 also successfully prepared
novel hyperabsorbable hydrogels by heating and freezing in an
NaOH/urea/water system using cellulose as a raw material and
epichlorohydrin (ECH) as a cross-linking agent. Like the tradi-
tional processing for Chinese medicine, 50 g licorice was
washed with distilled water and soaked in 500 mL distilled
water for 30 min, then heated at 60 °C for 1 h, with heating
repeated twice, dried, crushed and sieved through a 100-mesh
sieve to obtain the licorice residue powder. Then 15 g of the
licorice residue powder was added to 300 mL 4 wt% NaOH
solution (the mass ratio of 1 : 20) and magnetically stirred for 3–
6 h at 60–80 °C. The mixture was centrifuged at 4000 rpm for
15 min, ltered three times, washed multiple times with
distilled water, then dried at 60 °C for 24 h, crushed and stored
in sealed containers for storage.

2.3 Preparation of licorice residue extract hydrogels

1.3 g, 1.4 g, and 1.5 g of the licorice residue extract powder were
added into 10 mL NaOH/urea/H2O (6 : 4 : 90 by weight ratio)
aqueous solution with 13%, 14% and 15% mass ratio, respec-
tively, and stirred with a mechanical agitator for 30 min at room
temperature. Aer that, ECH (1 mL) was added to the mixture
(100 g) as cross-linker and stirred mechanically at room
temperature for 30 min. Then it was frozen at −20 °C for
12 h.20,21 Aer thawing, it was heated at 60–80 °C for 30 min,
cooled down to room temperature and washed with distilled
water to obtain licorice residue extract hydrogels. The hydrogels
were named as GL (hydrogel low), GM (hydrogel middle), and
GH (hydrogel high) in conformity with the mass ratio of the
licorice residue extract powder.

2.4 Characterization

The microstructure of lyophilized hydrogels aer water
absorption was observed using a scanning electron microscope
(SEM, JEOL, JSM-6701F) in order to investigate the stability of
hydrogels aer absorbing water for 7 days. The hydrogels that
were swollen in distilled water at 37 °C for 7 d were frozen in
liquid nitrogen for 24 h and sputtered with gold before the SEM
observation. The hydrogel samples were crushed into powder
and vacuum-dried at 50 °C for 24 h before the element analysis,
FTIR and TGA. The content of nitrogen, carbon and hydrogen in
the hydrogels was determined using an element analyser
RSC Sustainability, 2024, 2, 646–654 | 647
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(VARIO EL CUBE, Elementar Co., Germany). FTIR was analysed
using a Fourier transform infrared spectrometer (NEXUS 670,
NICOLET Co., USA) in order to infer the types of functional
groups contained in the hydrogels. Thermogravimetric analysis
(TGA) was performed by using a thermogravimetric analyser (PT
1600, Linseis Co., Germany) at a heating rate of 15 °C min−1

from 30 °C to 800 °C under a nitrogen atmosphere. Rheological
tests were carried out using a rotational rheometer (MCR302 P/
N 92002, Austria). Frequency sweep tests for elastic modulus
(G′) and viscous modulus (G′′) of hydrogels at normal state
(NSH), that was washed with distilled water, and hydrated state
(HSH), that was absorbing water for 3 days, were conducted in
a range between 0.1 and 100 Hz at 20 °C and 40 °C at a 1%
constant strain. Shear viscosity tests were performed at 20 °C
and 40 °C, and the shear rate was set in a range between 0.1 and
100 s−1.

2.5 Water retention ratio measurement

The water retention ratio of the hydrogels was used to study the
water retention properties of the equilibrium swollen hydrogels.
The hydrogels were immersed in distilled water at 37 °C for 7
d until the weight of the hydrogels did not change any more.
The hydrogels were weighed using an electronic balance aer
the water on the surface was lightly wiped off with lter paper.21

The swollen hydrogels were kept in a 40 °C oven and weighed
every 12 h. The water retention ratio (WR) was calculated as

WR ¼ Wt �Wd

Ws �Wd

� 100%

where Wt is the weight of the hydrogels at a specied time
during the water loss process, and Ws and Wd are the weight of
the hydrogel in the swollen and dried states, respectively.22

2.6 Antibacterial activity measurement

E. coli (CMCC(B) 44102) and S. aureus (CMCC(B) 26003) were
used to test the antibacterial properties of the hydrogels. The
frozen suspended bacterial cultures were taken out from the
refrigerator (−80 °C), aer which 10 mL of E. coli and S. aureus
suspended bacterial culture were added into 5 mL of nutrient
broth and tryptone soybean broth respectively, and taken out
aer being cultured in a constant temperature shaker (37 °C) for
10 h. The resuscitated suspended bacterial cultures were
diluted to the concentration of 105 CFU mL−1 for later use. The
temperature of the medium aer autoclaving was too high,
which will lead to changes in bacterial structure and function.
Therefore, it is necessary to add bacterial suspension cultured
at 37 °C when the medium is cooled to about 50 °C to ensure
Table 1 Sensory scoring standard for the storage effect of blueberries

Score Appearance

4 Fresh
3 Normal
2 Moderate browning
1 Severe browning, localized putrefaction

648 | RSC Sustainability, 2024, 2, 646–654
bacterial activity. 100 mL of E. coli suspension was added to
15 mL of nutrient agar medium, 100 mL S. aureus suspension
was added to 15 mL of Baird-Parker agar base (5 mL thawed
potassium tellurite booster was added to every 95 mL of
medium and mixed evenly), the bacterial suspension and the
culture medium were uniformly mixed and then cooled to
solidication. The hydrogels were cut into pieces with the same
thickness and diameter and the pieces were laid in the centre of
the Petri dishes. The Petri dishes were placed in a 37 °C
constant temperature incubator for 24 h, and aer taking them
out, the inhibition zone was measured and photographed and
recorded. All the above operation steps were completed in the
purication workbench. The hydrogels and the required
experimental materials were UV disinfected for 30 min before
the experiment starts.23 Each hydrogel was subjected to three
sets of parallel experiments in order to ensure reproducibility.
2.7 Fruit preservation application

Blueberries were rinsed with deionized water, then dried
completely at room temperature. Blueberries were randomly
divided into four groups with an average of three portions per
group. The rst portion (control group) was stored directly into
the fresh-keeping box for preservation; the second was placed in
a polystyrene plastic bag and stored in the same fresh-keeping
box. The licorice residue extract hydrogel was sliced and laid
on the bottom of the same fresh-keeping box as a cushion,
where the third group (fresh-keeping pad group) was stored. All
containers were sealed to maintain the relative humidity.
Finally, they were put into a constant temperature (20 °C) and
humidity (75%) box for preservation, and were taken out at 4
consecutive days for physical and chemical analysis.
2.8 Apparent quality and sensory determination

Aer 0 and 4 days of blueberry storage under different condi-
tions, the researchers (not participating in sensory evaluation)
randomly selected 10 samples from each group of blueberries
and placed them on lter paper of the same specication. At the
same time, three groups of blueberries were placed on the same
horizontal plane to obtain their appearance photos with a xed
light source. Under the specied evaluation conditions, the
evaluators with normal colour vision did not know the storage
conditions for each group of blueberries, comprehensively
evaluated the appearance, texture and smell of the samples
through observation, smell and taste. During this period, it was
guaranteed that no one will interfere or induce each other. The
scoring results were summarized and analysed by researchers
Hardness Smell

Excellent elasticity Fruity
Good elasticity Normal
Become so Slight odor
So and water stained Strong odor of decay

© 2024 The Author(s). Published by the Royal Society of Chemistry
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(not involved in sensory evaluations). The scoring criteria was
designed according to GBT 21172 and GHT 1408. Grading by
colour, rmness, avour and fruit appearance were shown in
Table 1. The results were expressed as the average of the
composite scores of the members of the evaluation team.
Fig. 1 Photographs of (a) GL, (b) GM, (c) GH in the dry state (1) and
hydrated state (2) for 7 d.
2.9 Weight loss ratio

The weight loss ratio of blueberries can be used to estimate the
loss rate of moisture content in blueberries to a certain extent,
and blueberries lost moisture and became less full, which in
turn affected their apparent score. Therefore, the fresh-keeping
effect can be evaluated by comparing the weight loss ratio of
blueberries in each group. The blueberry samples were weighed
and recorded with an electronic balance aer drying, and the
result was marked asW1. The weight of each group was weighed
on 4 consecutive days; the result was recorded asW2. The weight
loss ratio of all treatment groups was calculated using the
following formula:24

The weight loss ratio ¼ W1 �W2

W1

� 100%
2.10 Decay ratio

On the 4 consecutive days of storage, whether blueberries were
rotten or not was considered according to the soening condi-
tion and smell of blueberries, and the percentage of rotten
blueberries in the total number of blueberries is the decay
ratio.25
2.11 Vitamin C content

The content of vitamin C in blueberries was determined by GB
2,6-dichlorophenol titration.26
Fig. 2 Scanning electron microscopy of the surface layer (a) and
internal structure (b) of GM at 500 (1) and 1000 (2) timesmagnification.
2.12 Data processing and statistical analysis

The sensory assessment was the mean± standard deviation of all
sample scores. SPSS 20.0 statistical analysis soware was used to
analyse the results of the experimental data. A T-test was used to
compare the mean between the two groups, ANOVA was used to
compare the mean between multiple groups, and pairwise
comparison was conducted between groups. P < 0.05 indicated
that the difference was statistically signicant.
Fig. 3 FTIR spectra of the dehydrated hydrogels: (a) GH, (b) GM, (c) GL.
3 Results and discussion
3.1 Appearance and morphology of the hydrogels

The photos of the GL (a), GM (b), GH (c) in the dehydrated state
(a-1, b-1, c-1) and immersed in distilled water for 7 d (a-2, b-2, c-2)
are shown in Fig. 1. It can be clearly seen that as the size of the
hydrogels was increased, the colour became deeper. The diam-
eter of the three hydrogels increased by 0.2 cm (GL), 0.4 cm (GM),
and 0.2 cm (GH) aer immersion in distilled water. The colour
and size of the hydrogels did not change aer 7 d due to the
equilibrium of water absorption. Among these hydrogels, the
smaller the content of licorice residue extract, the more fragile
© 2024 The Author(s). Published by the Royal Society of Chemistry
they became aer being soaked in distilled water for 7 days. This
demonstrated that the licorice residue extract played a role in
supporting the structure of the hydrogels.
RSC Sustainability, 2024, 2, 646–654 | 649
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Fig. 2 shows the surface layer (a) and internal morphology (b)
of the hydrogels aer being immersed in distilled water for 7
d and then frozen in liquid nitrogen for 24 h, that were observed
by scanning electron microscopy (SEM) at 500 (1) and 1000 (2)
times magnication. Compared with GL and GH, the SEM
observation of GM was the most reference. The SEM clearly
exhibited that a large number of porous holes appeared on/in
the hydrogel aer adsorption. This indicated that plenty of
water could be lightly absorbed and diffused into the hydrogel,
with the licorice residue extract as a backbone to reinforce the
structure of the hydrogel.22

Fig. 3 shows the FTIR spectra of the dehydrated hydrogels, and
the three different proportions of hydrogels contained basically
similar groups. The analysis of FTIR was performed to identify the
main functional groups of the hydrogels. The main peak at
3350 cm−1 was due to the –OH stretching vibration on the back-
bone. The symmetric stretching vibration of CH2was proved by the
appearance of the absorption peak at 2918 cm−1. And the band
observed at 1666 cm−1 to 1485 cm−1 in the hydrogels was attrib-
uted to symmetric vibration of the carboxyl group.21 The presence
of C–O–C was proved by the appearance of the absorption peak at
1059 cm−1. The results showed that the prepared gels had a similar
structure but also some differences because of the content, espe-
cially at 3350, 1666 and 1059 cm−1.

The NSH and HSH were selected as the models for the
prepared hydrogels to investigate their rheological behavior.
The magnitude of G value in the linear viscoelastic region of
hydrogels can be used for assessing the strength of gels, and
a strong gel usually has a large G′ value and a high G′/G′′ ratio.27
Fig. 4 Frequency sweep spectra (a and b) of elastic modulus (G′) and visc
for normal state hydrogel (NSH) and hydrated state hydrogel (HSH).

650 | RSC Sustainability, 2024, 2, 646–654
It’s exhibited that the G′ value of these hydrogels had a distinct
upward trend, as the frequency increased in Fig. 4(a and b). The
G′ values of the hydrated state hydrogel (HSH) were much
smaller than that of the normal state hydrogel (NSH), which
indicated that the strength of the hydrogel decreased aer water
absorption. The curves for viscosity versus shear rate of NSH
and HSH are presented in Fig. 4c. They were viscous in the low
shear rate range and showed declining viscosity along with
increasing shear rate.
3.2 Water retention capacity of the hydrogels

The hydrogels were put into a 40 °C vacuum dryer for drying to
study the water retention capacity, the water retention ratio was
calculated and the results are shown in Fig. 5. The water
retention ratio of the hydrogels was an important index to
consider whether the hydrogels can be applied further. The
results suggested that the hydrogels can keep moisture for up to
48 hours at 40 °C, and GH has the best water retention among
three hydrogels. The water retention ratio was increased with
increasing licorice residue extract content from which it was
speculated that the hydrogels have better stability and stronger
water retention capacity.
3.3 Antibacterial activity measurement

The inhibition zone method was used to evaluate the anti-
bacterial activity of the hydrogels against E. coli and S.
aureus.28 It can be seen from Fig. 6 that all hydrogels have
shown strong antibacterial properties against E. coli and S.
ous modulus (G′′), and viscosity versus shear rate (20 °C and 40 °C ) (c)

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Fig. 5 Water retention ratio of the hydrogels: GL, GM, GH.

Fig. 6 Inhibition zone of GL (1), GM (2), and GH (3) for E. coli (a) and S.
aureus (b).

Fig. 7 Appearance photos of blueberries stored at 0 (a-0) and 4 days
in the fresh-keeping pad group (a-1), plastic bag group (a-2), and
control group (a-3).

Table 2 Sensory evaluation score table of blueberry

Group Average score
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aureus. The antibacterial effect of hydrogels on E. coli was
better than on S. aureus. With the increase of licorice residue
extract content, the radius of the inhibition zone of the
hydrogels against E. coli increased from 0.20 cm to 0.57 cm. At
the same time, the radius of the inhibition zone of the
hydrogels against S. aureus was also increased. The radius of
the inhibition zone of the hydrogels against S. aureus
increased from 0.19 cm to 0.44 cm with the increase of lico-
rice residue extract content. All of this suggested that the
hydrogels had good antibacterial properties against both
Gram-negative and Gram-positive bacteria. It can be observed
that the three hydrogels have different antimicrobial prop-
erties when the diameter of the inhibition zone changed with
the increase of the content of licorice extract. It's assumed
that antibacterial performance should be provided by the
licorice residue extract. The hydrogel can be widely used as
a bacteriostatic material.
Control group 5.06 � 0.31
Plastic bag group 6.60 � 0.31a

Fresh-keeping pad
group

7.73 � 0.14a,b

a Indicates that the difference is statistically signicant compared to the
control group. b Indicates that the difference is statistically signicant
compared to the plastic group.
4 Fruit preservation application

The blueberries in the control group were stored directly into
the fresh-keeping box for preservation. The blueberries in the
plastic bag group were placed in a polystyrene plastic bag and
© 2024 The Author(s). Published by the Royal Society of Chemistry
stored in the same crisper box. The licorice residue extract
hydrogel was sliced and laid on the bottom of the same fresh-
keeping box as a cushion, where the blueberries in fresh-
keeping pad group were stored in.
4.1 Sensory assessment results

Fig. 7 shows the appearance of blueberries stored at 0 and 4
days in different groups, sensory evaluation score was per-
formed on this basis. From Table 2, the average score was 5.06±
0.31 in the control group, 6.60 ± 0.31 in the plastic bag group
and 7.73 ± 0.14 in the fresh-keeping pad group. The score of
blueberries in fresh-keeping pad groups was higher than that in
plastic bag and control group, and the difference was statisti-
cally signicant (P < 0.05).
4.2 Weight loss ratio

Fig. 8 shows that the weight loss ratio of blueberries continued
to increase with the extension of the storage time. The weight
loss ratio of the control group was higher than others (P < 0.05).
Aer 4 days of storage, the weight loss ratio of blueberries was
(7.71 ± 0.29)%, (5.94 ± 0.27)%, (5.10 ± 0.14)% for the control
group, the plastic bag group and the fresh-keeping pad group
respectively. And the difference between the plastic bag group
and the fresh-keeping pad group was statistically signicant (P <
0.05).
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Fig. 8 Effects of different storage methods on the blueberry weight
loss ratio. aIndicates that the difference is statistically significant
compared to the control group; bindicates that the difference is
statistically significant compared to the plastic bag group.

Table 3 Effect of different storage methods on the vitamin C content
of blueberries mg per 100 g

Storage
time (d)

Group

Control group Plastic bag group
Fresh-keeping
pad group

0 8.71 (8.4, 9.02) 8.93 (8.71, 9.15) 8.74 (8.63, 8.85)
1 7.97 (7.57, 8.37) 8.6 (8.48, 8.72) 8.2 (8.19, 8.21)
2 7.01 (6.4, 7.62) 7.97 (7.43, 8.51) 7.7 (7.47, 7.93)
3 6.39 (6.01, 6.77) 6.85 (6.27, 7.43) 7.14 (6.95, 7.33)a

4 3.38 (2.52, 4.24) 5.66 (5.09, 6.23)a 7.04 (6.85, 7.23)a,b

a Indicates that the difference is statistically signicant compared to the
control group. b Indicates that the difference is statistically signicant
compared to the plastic bag group.
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4.3 Decay ratio

Fig. 9 shows that the decay ratio of blueberries continued to
increase with the extension of the storage time. The decay ratio
of the control group was signicantly higher than that of the
others (P < 0.05); the difference between the plastic bag group
and the fresh-keeping pad group was not statistically signicant
(P > 0.05). Aer 4 days, the decay ratio of blueberries had
reached (70.0 ± 10.00)% for the control group, and (53.33 ±

12.47)% and (36.67 ± 5.77)% for the plastic bag group and the
fresh-keeping pad group respectively.
4.4 Vitamin C content

Table 3 shows that the vitamin C content of blueberries grad-
ually declined in the storage process. The vitamin C content of
the plastic bag group and fresh-keeping pad group reduced
Fig. 9 Effects of different storage methods on the blueberry decay
ratio. aIndicates that the difference is statistically significant compared
to the control group.

652 | RSC Sustainability, 2024, 2, 646–654
slowly, while the decrease in the control group was obvious.
Aer storage for 4 days, the blueberries' residual vitamin C
content was 3.38 mg/100 g, 5.66 mg/100 g, and 7.04 mg/100 g,
respectively, and the difference between the three groups was
statistically signicant (P < 0.05).

We are located in one of the main areas of licorice produc-
tion in China, when licorice is also the most used herb in
traditional Chinese Medicine. China produces tens of thou-
sands of tons of licorice residue every year. Only a small part was
reused (just to feed pigs or cows) when most of them were
regarded as solid waste, which is a burden for environment and
also bad for sustainable development. Some other raw mate-
rials, such as corn straw and wheat straw, were also used as fuel
or burned to feed back to the soil as the natural fertilizer in the
vast rural areas. Therefore, considering with the other choices,
we selected the licorice residue as a precursor to prepare
hydrogels in this study. Compared with the others, this hydro-
gel has great water retention,29–31 which would bring more
application potential, and better antibacterial activity.31

However, we chose ECH as crosslinking agents that it's toxic
might not be ignored. Paulina Sapuła et al. (2023)32 suggested
that one solution to this problem could be using bio-cross-
linking agents that are obtained from natural resources, which
are considered to be safer, free of toxic effects. So we still need to
further explore whether toxicity can be tolerated especially when
the hydrogels come in contact with food in the subsequent
work.
5 Conclusion

Cellulose, as the most abundant natural polymer in nature, has
many advantages such as good biodegradability and biocom-
patibility. In recent years, it has been proved to have important
physiological functions. However, a considerable part of cellu-
lose, such as licorice residue, has not been effectively used, but
has been used as livestock feed or as waste to pollute the envi-
ronment. In this paper licorice was used as a raw material for
cellulose extraction to effectively improve the availability of
licorice. Water-absorbing, fresh-keeping and antibacterial
hydrogels were successfully prepared from the licorice residue
© 2024 The Author(s). Published by the Royal Society of Chemistry
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extract. The extract from licorice residue was used as a back-
bone to support the structure of the hydrogels when the
hydrogels could retain its appearance aer absorbing water for
at least 7 days. The retention time of water at 40 °C can reach
48 h. The hydrogels show good antibacterial activity against
both E. coli and S. aureus. Therefore, blueberries were used to
evaluated the preservation effect of the licorice residue extract
hydrogels. Compared with the control group and the plastic bag
group, the preservation effect of the licorice residue extract
hydrogel is more obvious, which can reduce the weight loss rate
and decay rate of blueberries and delay the decrease of vitamin
C content. These results all indicated that this new hydrogel
could be used as a water-retaining, antibacterial and fresh-
keeping material. It provides a more efficient and potential
choice for substituting plastic in various branches and will be
studied further in our lab.
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