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Recent advances in Pickering emulsions for inhibiting 
foodborne bacteria 
Chuye Ji and Yixiang Wang   

Foodborne bacteria pose significant risks to public health and 
economic conditions. Natural antibacterial agents have proven 
effective against foodborne bacterial contamination but often suffer 
from harsh environmental and processing conditions. Pickering 
emulsions, recognized for good stability, high loading capacity, 
sustained release, cost-effectiveness, low toxicity, biocompatibility, 
and sustainability, have emerged as efficient carriers for natural 
antibacterial agents and shown great promise in preserving fruits, 
vegetables, meats, seafood, and other foods by either direct 
coating or incorporation in active packaging films. With the growing 
interest in Pickering emulsions loaded with natural antibacterial 
agents, in this review, we highlight recent advances in their 
applications for inhibiting foodborne bacteria. The mostly 
investigated foodborne bacteria and the compositions and 
antibacterial mechanisms of natural antibacterial agents loaded 
Pickering emulsions are summarized, and food-related applications 
are spotlighted. Despite challenges, such as scalability and 
regulatory approval, antibacterial Pickering emulsions show great 
potential as sustainable preservatives for food preservation. 
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Introduction 
Foodborne diseases caused by pathogenic bacteria impose a 
substantial burden on public health and economic systems. 
Foodborne bacteria can be transmitted to the host body 
through physical contact, resulting in systemic infections — 
the main cause of global mortality and morbidity. In 2023, 
the U.S. Food & Drug Administration reported 232 food 
and beverage recalls. Canadian Food Inspection Agency 

oversaw approximately 164 food recalls annually from 2018 
to 2023, with over a quarter attributed to contamination from 
microorganisms [1]. 

Besides the development of rapid detection and photo
dynamic inactivation technologies for foodborne pathogenic 
bacteria [2,3], special attention has recently been paid to 
natural antibacterial agents for inhibiting bacterial growth 
and preventing outbreaks of foodborne infections and dis
eases; however, these bioactive compounds are sensitive to 
harsh conditions, such as elevated temperatures, extreme 
pH levels, and light exposure. One potential strategy to 
address their environmental sensitivity is the encapsulation 
of natural antibacterial agents. Pickering emulsions are sta
bilized by solid colloidal particles, which protect and control 
the release of encapsulated bioactive compounds. According 
to the search results of the Web of Science, 4370 research 
papers on Pickering emulsions have been published be
tween 2020 and 2024, with 419 papers investigating their 
antimicrobial activities. Notably, these 419 papers account 
for about 86.6% of the total 484 papers on antimicrobial 
applications, indicating a significant research interest in the 
last five years. Antibacterial Pickering emulsions can be 
applied by either direct spray coatings on food surfaces (e.g. 
encapsulation of essential oils) or as components of active 
food packaging (e.g. films incorporating antibacterial 
Pickering emulsions [4]). However, their commercialization 
remains challenging due to insufficient investigation re
garding scalability, cost-performance balance, and consumer 
acceptance. 

With the growing interest in Pickering emulsions loaded 
with natural antibacterial agents, there is a lack of review of 
recent advances in Pickering emulsions for inhibiting food
borne bacteria and their applications in the food industry. 
This paper focuses on the recently reported antibacterial 
Pickering emulsions, providing a summary of the most in
vestigated foodborne bacteria, the commonly employed 
natural antibacterial agents and mechanisms, and the food- 
related applications. It aims to offer insights into future re
search directions to fully harness the potential of anti
bacterial Pickering emulsions. 

Foodborne bacteria 
Foodborne bacteria are responsible for over 200 diseases, 
primarily caused by ingesting pathogenic bacteria and/or 
their produced toxins. The most common foodborne 
pathogenic bacteria, such as Campylobacter jejuni, 
Salmonella spp., Listeria monocytogenes (L. monocytogenes), 
Escherichia coli (E. coli), Staphylococcus aureus (S. aureus), 
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Bacillus cereus, Clostridium perfringens, Clostridium botu
linum, Shigella spp., Vibrio spp., and Yersinia enterocolitica, 
deteriorate food quality and pose serious health risks, 
leading to intestinal infections, urinary tract infections, 
and food poisoning, with considerable implications for 
public health and economic conditions [5]. In 2023, 
foodborne infections increased in the United States, 
with Campylobacter and Salmonella being the primary 
causes of intestinal infections. The incidences of Cam
pylobacter, Salmonella, Listeria, Shiga toxin-producing E. 
coli (STEC), Vibrio, and Yersinia infections exceeded the 
target rates established by Healthy People 2030 goals. In 
the European Union (EU), campylobacteriosis, caused 
by Campylobacter, also has been the most prevalent gas
trointestinal disease, with more than 246 000 cases re
ported annually, primarily resulting from the 
consumption of contaminated food products such as 
poultry, pork, and beef [6]. Salmonellosis, the second 
most frequently reported zoonotic disease in the EU, 
affects over 91 000 people annually, primarily due to the 
consumption of contaminated foods such as eggs and raw 
meat from pigs, turkeys, and chickens [7]. More re
cently, increasing concern has emerged regarding L. 
monocytogenes, an intracellular bacteria pathogen capable 
of surviving and proliferating under harsh environmental 
conditions, which was associated with a prolonged mul
ticountry outbreak linked to fish product consumption 
between 2012 and 2024 [8,9]. 

In recent years, novel detection technologies, such as 
culture-independent biorecognition-based biosensors, 
have been employed to ensure food safety. Besides early 
detection, natural antibacterial agents have been widely 
studied for their ability to resist bacterial contamination  
[10], while S. aureus and E. coli are commonly selected as 
model Gram-positive and Gram-negative foodborne 
bacteria to investigate the antibacterial activities and 
mechanisms of antibacterial agents. 

Pickering emulsions loaded with natural 
antibacterial agents 
Natural antibacterial agents 
The recently reported natural antibacterial agent-loaded 
Pickering emulsions for inhibiting foodborne bacteria 
are summarized in Table 1. The currently used anti
bacterial agents are primarily natural essential oils and 
other extracts from plants, animals, and microorganisms. 
There is a growing interest in applying natural anti
bacterial agents instead of synthetic ones to target 
foodborne bacteria, driven by the broad-spectrum anti
bacterial activity and good biocompatibility of natural 
extracts, as well as rising concerns over the potential 
risks of synthetic chemicals and the emergence of drug 
resistance [11]. The antibacterial mechanisms of dif
ferent substances vary: acidic and basic substances can 
disrupt bacterial cell walls and induce cell protein 

coagulation, whereas alcohols can denature cell proteins 
and interfere with cell metabolism [11]. Pickering 
emulsions have been customized to enhance anti
bacterial effectiveness by increasing the penetration of 
antibacterial agents through targeted bacterial cell walls 
(e.g. acidic and basic substances) or enabling controlled 
release of alcohol-based agents for prolonged protection. 

Essential oils, composed of secondary metabolites such 
as phenolic compounds, alcohols, and terpenes, have 
strong germicidal properties and long-term efficacy. The 
antibacterial activity of essential oils is primarily attrib
uted to phenolic substances such as cinnamaldehyde, 
carvacrol, eugenol, and thymol. The various chemical 
compositions of essential oils enable them to target 
multiple sites within bacterial cells, and their hydro
phobic properties facilitate penetration of the cyto
plasmic membrane [10]. It was reported that the 
emulsified cedarwood essential oil directly interacted 
with bacterial cell membranes, facilitating the interac
tion and improving the antibacterial activity [12]. Other 
bioactive extracts, such as curcumin and resveratrol, also 
exhibit significant antibacterial effects against foodborne 
bacteria and have positive effects on human health. Liu 
et al. found that curcumin exhibited inhibitory effects on 
S. aureus and Bacillus subtilis by disrupting cell mem
branes, with its antibacterial activity extended through 
the protection with Pickering emulsions [4]. Anti
bacterial peptides can effectively inhibit a broad spec
trum of foodborne pathogens and do not easily develop 
resistance, but their applications remain limited due to 
high production costs, potential toxicity, and suscept
ibility to protease degradation [11]. The Pickering 
emulsions encapsulated with antibacterial peptide SA6 
(derived from salted P. vannamei) significantly prolonged 
bacterial inhibition time, reducing the S. aureus count to 
2.83 CFU/mL after 5 days of storage [13]. 

Pickering emulsions 
The encapsulation of natural antibacterial agents pro
vides an effective way to improve their stability and 
bioavailability. For Pickering emulsions, solid particles 
instead of surfactants are adsorbed at the oil/water in
terface and form a physical barrier that shields the en
capsulated ingredients from the external environment 
and enables controlled release [14]. Pickering emulsions 
exhibit inherent stability against coalescence and en
vironmental stress due to the high energy barrier re
quired to displace adsorbed particles from the interface. 
Despite generally larger droplet sizes and lower surface 
coverage compared to conventional emulsions, Pickering 
emulsions provide effective and sustained protection for 
natural antibacterial agents, offering favorable ad
vantages, including cost-effectiveness, high loading ca
pacity, high stability, sustained release, low toxicity, 
biocompatibility, and sustainability. Moreover, by se
lecting suitable particle stabilizers of Pickering 
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emulsions, the modulated permeation rates and en
hanced adhesion to bacterial cells can be achieved to 
disrupt cell function and improve antibacterial efficacy. 

The design of Pickering emulsions for inhibiting food
borne bacteria involves the selection of stabilizing par
ticles, the encapsulation of antibacterial agents, and the 
manipulation of interfacial properties and environmental 
sensitivity to ensure the stability of emulsions and the 
encapsulation and controlled release of antibacterial 
agents. Proteins (e.g. zein, whey protein isolate, soy 
protein isolate) and polysaccharides (e.g. chitosan, 
pectin, cellulose) are commonly used as Pickering 
emulsion stabilizers for food applications and have good 
encapsulation efficiency for antibacterial agents that 
target foodborne bacteria. The properties of stabilizers 
and the preparation methods of Pickering emulsions 
determine the particle size and surface charge of emul
sion droplets, which significantly influence the effec
tiveness against foodborne bacteria [2,12]. For instance, 
smaller particles possess a larger surface area that may 
enable stronger interactions with bacteria and enhance 
antibacterial efficacy, while larger particles usually have 
prolonged release of antibacterial agents. In general, the 
rigid barrier network formed by particle stabilizers pro
vides protection and controlled release of antibacterial 
agents. When emulsion droplets come into contact with 
bacterial cells, their small size and low interfacial tension 
allow for rapid attachment and penetration through cell 
membranes, resulting in improved antibacterial perfor
mance [15]. Moreover, the electrostatic attractions be
tween the typically charged bacterial cell walls and the 
surface-charged emulsion droplets can mediate localized 
binding at the targeted sites. For example, the emulsion 
droplets coated with positively charged chitosan could 
target bacterial cells through electrostatic interactions  
[16], while the Pickering emulsions stabilized by posi
tively charged cellulose-based nanoparticles exhibited 
enhanced antibacterial properties due to the electrostatic 
attraction, facilitating bacterial decomposition and sub
sequent dying [17]. Furthermore, Pickering emulsions 
can be tailored to respond to environmental factors such 
as pH or temperature, enabling the targeted release of 
antibacterial agents under specific conditions that pro
mote bacterial inhibition and reduce the potential for 
resistance. This stimulated response can be particularly 
beneficial in site-specific delivery systems; for example, 
Pickering emulsion stabilized by chitosan-tripolypho
sphate nanoparticles enabled higher curcumin release at 
pH 2 that relates to gastric conditions compared to basic 
pH 7.4 that corresponds to blood fluid [18]. 

Food applications 
Pickering emulsions can enhance the stability and en
able the controlled/targeted release of loaded bioactive 
compounds, making them valuable for potential 

applications, including drug delivery systems, wound 
healing materials, and functional components for food 
packaging. With growing concerns over foodborne bac
teria outbreaks and the possible health risks posed by 
synthetic food preservatives, there has been increasing 
attention towards applying natural antibacterial 
Pickering emulsions for food preservation. Recent re
search has demonstrated their effectiveness in preser
ving various food types, including vegetables, fruits, 
meat, seafood, dairy products, and baked products. 
Packaging films and coating materials based on 
Pickering emulsions containing natural antibacterial 
agents are the most common application methods 
(Figure 1). The treatments have shown significant ef
fects on extending the shelf life of food products, im
proving food nutritional value and safety, minimizing 
food waste, and reducing reliance on synthetic pre
servatives. The results align with the public’s demand 
for ready-to-eat foods with high nutritional value and 
minimal processing, demonstrating the potential to re
volutionize food preservation practices. 

Fruits and vegetables 
Fruits and vegetables are highly perishable due to their 
high moisture content and nutrient-rich compositions. 
Pickering emulsions containing natural antibacterial 
agents as an effective preservation solution can be ap
plied through dipping, spraying, or film formation, 
creating protective barriers that minimize air exposure, 
water loss, and bacterial contamination. Li et al. in
vestigated the preservation of strawberries and tomatoes 
using α-cyclodextrin/konjac glucomannan composite 
films loaded with epigallocatechin gallate (EGCG) en
capsulated Pickering emulsions [19]. The improved 
loading efficiency and sustained release of EGCG from 
the films effectively inhibited the growth of S. aureus 
and E. coli by disrupting cell membranes, extending the 
shelf life of strawberries and tomatoes to 7 days. Cin
namon essential oil nanoemulsions stabilized by hydro
xypropyl-β-cyclodextrin (HPCD) and lecithin were 
incorporated into konjac glucomannan/pullulan compo
site films for the preservation of cherries and mushrooms  
[20]. Increasing the concentration of HPCD resulted in 
greater film thickness, which extended the pathway for 
essential oil release and effectively improved the re
tention rate. The retention rate and release speed of 
cinnamon essential oil determined the films’ anti
bacterial activity, and the high barrier properties enabled 
by Pickering emulsions slowed down the browning in 
mushrooms (maintaining a lightness value > 80 until day 
12) and reduced weight loss in mushrooms and cherries. 
Similar results were observed by incorporating anise 
essential oil Pickering emulsions in corn starch/cassia 
gum composite films, which delayed the browning and 
spoilage of mushrooms and maintained their texture and 
color after 5 days of storage [21]. Mangos, as a climacteric 
fruit, are also prone to enzymatic browning and spoilage 
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due to their rapid ripening and susceptibility to post
harvest diseases. The combination of gelatin films, Litsea 
cubeba oil Pickering emulsion (LCON), and ZnO nano
particles effectively controlled the postharvest quality of 
mangos, reducing black spots, limiting weight loss to 
6.18%, and maintaining firmness of 10.81 N after 15 days 
(Figure 2a) [22]. The high preservation performance was 
due to the excellent biological (antibacterial inhibition 

zone: 31.24 mm), mechanical (tensile strength: 
42.03 MPa), and barrier (water vapor permeability: 
18.01 g mm⋅m−2⋅kPa−1⋅h−1) properties of the optimized 
films. Notably, the synergistic effect of LCON and ZnO 
enhanced the inhibition of L. monocytogenes growth by 
regulating reactive oxygen metabolism and disrupting 
cell membranes. Besides the active packaging films, an 
antibacterial coating was developed through dipping to 

Figure 1  

Current Opinion in Food Science

Schematic diagram of application methods of antibacterial Pickering emulsions for food preservation. 
Reprinted with permission from the works cited in Refs. [14,19,33,35].   
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Figure 2  

Current Opinion in Food Science

(a) Effects of different treatments on the appearance quality, weight loss, firmness, disease incidence, and disease severity of mango during the 
storage period. (NC: negative control group, PC: positive control group, T: treatment group). (b) Digital photos of beef samples in the control group 
(samples without package), 0% ZPCO group (samples packed with film without ZPCO), and 2% ZPCO group (samples packed with film with 2% 
ZPCO), and changes in a* and TVB-N values of beef samples at various time intervals. (c) Changes in appearance quality, total viable count, and 
psychrophilic bacteria count of shrimp treated without (Control) and with cinnamaldehyde-loaded Pickering emulsion stabilized (CA/PE) during 
storage. 
(a) Reprinted with permission from the work cited in Ref. [22]. (b) Reprinted with permission from the work cited in Ref. [29]. (c) Reprinted with 
permission from the work cited in Ref. [14].   

6 Food Bioprocessing  

www.sciencedirect.com Current Opinion in Food Science 2025, 61:101265 



preserve the sensory and nutritional qualities of straw
berries [23]. The coating solution was formulated with 
oxidized cellulose nanofibers stabilized D-Limonene 
Pickering emulsions and chitosan. The strong anti
bacterial activity against S. aureus and E. coli was pri
marily attributed to D-Limonene, which induced cell 
protein denaturation, disrupted membrane integrity, and 
altered cell permeability. 

Meat 
The U.S. Department of Agriculture reported 89 recalls 
of meat and poultry products in 2023 — a 31% increase 
compared to 2022. Meat products, rich in protein and fat, 
are more prone to pathogenic bacteria contamination 
than fruits and vegetables [24]. The spoilage of meat 
products results in changes in total viable count (TVC), 
pH, color, and total volatile basic nitrogen (TVB-N) 
values. Their transport and storage require a strict low- 
temperature environment and the use of broad-spectrum 
preservatives to inhibit foodborne bacterial growth (e.g. 
Staphylococcus spp., lactic acid bacteria, Enterococcus spp.) 
and slow down biochemical changes [25]. Similarly, 
Pickering emulsions are commonly used in active films 
or coatings to help retain moisture, control bacterial 
growth, and prevent texture and flavor degradation of 
meat. Pickering emulsions loaded with various essential 
oils have been widely employed in active food packaging 
due to their distinguished antibacterial activity and 
ability to enhance the mechanical and barrier properties 
of the packaging materials. Additionally, the incorpora
tion of antioxidants and freshness indicators has been 
particularly applied in meat preservation. An active and 
smart gelatin/chitosan film was developed by in
corporating curcumin and cinnamon oil Pickering 
emulsions, demonstrating great potential for pork pre
servation and as a freshness indicator [26]. Introducing 
Pickering emulsions enhanced the antibacterial activity 
of films (inhibition zones: E. coli = 150.47 mm2; S. aureus 
= 173.72 mm2) and reduced water absorption by 
336.27%. The effective encapsulation facilitated the 
controlled release and provided a sustained antibacterial 
effect, which improved the fresh-keeping effect of pork 
(TVB-N content = 30.52 mg/100 g after 3 days). The 
chitosan films containing Pickering emulsions loaded 
with tea polyphenol and cinnamaldehyde demonstrated 
enhanced antibacterial activity (inhibition zones: E. coli 
= 265.62 mm2; S. aureus = 193.59 mm2) and extended the 
shelf life of pork from 2 days to 8 days (TVC < 106 CFU/ 
g) [27]. In starch-based films, Pickering emulsions con
taining clove essential oil provided effective protection 
for pork, prolonging its shelf life to 10 days (TVC = 
5.33 log CFU/g, TVB-N content = 14.70 mg/100 g, pH = 
6.08 on day 10) [28]. Wu et al. reported that chayote 
tuber starch films allowed the sustained release of cin
namon essential oil from the incorporated Pickering 
emulsions, and the release duration was prolonged in 
fatty foods and at low temperatures (Figure 2b) [29]. 

The obtained composite films with the broad anti
bacterial spectrum and strong antioxidant properties 
significantly slowed down TVB-N formation (18.2 mg/ 
100 g after 10 days) in fresh beef. Chen et al. developed 
corn starch–based films with purple corncob anthocyanin 
and Pickering emulsions containing tangerine peel es
sential oil, which had significant antibacterial activity 
(inhibition zones: E. coli = 191.15 mm2; S. aureus = 
269.25 mm2) to contribute to pork preservation and en
abled visual freshness monitoring [30]. In gelatin-based 
films, the synergistic antibacterial effect of oregano es
sential oil Pickering emulsions combined with ε-poly
lysine exhibited excellent inhibition efficacy against 
targeted bacteria (inhibitory rate: E. coli = 100%; S. 
aureus = 97.32%), thereby effectively extending the shelf 
life of beef with significantly decreased TVC and TVB- 
N formation [31]. 

Seafood 
Seafood products are highly valued for their nutritional 
benefits, such as the polyunsaturated omega-3 fatty acids 
in salmon, and the rich minerals and vitamins in shrimp  
[32]. However, they are highly perishable and suscep
tible to bacterial and chemical spoilage during proces
sing and storage, which can significantly reduce their 
commercial value [24]. Antibacterial Pickering emul
sions can enhance preservation effectiveness by ad
dressing specific challenges, such as delicate texture and 
complex surface structures that complicate disinfection  
[14,33]. High internal phase Pickering emulsions en
riched with thyme essential oils have demonstrated 
smart sensing and targeted release ability [33]. The gel 
structure extended the release time of essential oils with 
a retention of 87.18% after 14 days, thereby prolonging 
the antibacterial effects against foodborne pathogens (S. 
aureus and E. coli). The emulsions achieved ‘smart sen
sing’ controlled release of essential oils, triggered by the 
digestion of wall materials by pathogenic bacteria, and 
extended the shelf life of fish (Cololabis saira) to 7 days 
in direct surface coating mode. The cinnamaldehyde- 
loaded Pickering emulsions stabilized by modified cel
lulose nanocrystals could be directly sprayed on the 
shrimp surface, resulting in an extended shelf life (TVC 
= 6.26 log CFU/g on day 12) (Figure 2c) [14]. 

Pickering emulsion–loaded packaging films can also 
monitor the freshness of seafood by associating colors 
change with the degree of spoilage. The combination of 
collagen films and cinnamon essential oil-loaded 
Pickering emulsions with oxidized mulberry extract 
acting as an enhancer exhibited strong antibacterial ac
tivity against E. coli and Pseudomonas fluorescens, ex
tending the shelf life of fish by 4 days and exhibiting a 
visible color change from red (day 0) to blackish green 
(day 12) [34]. A unique double-layer packaging structure 
consisting of a high-barrier antibacterial layer (konjac 
glucomannan matrix incorporating cinnamon essential 
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oil Pickering emulsion) and a pH/NH3-responsive layer 
(alginate matrix containing alizarin as an indicator) was 
designed to monitor and preserve the freshness of 
shrimp (TVB-N = 18.65 mg/100 g after 3 days) [35]. 
Tang et al. prepared 3D printing inks from curcumin/ 
oregano oil Pickering emulsions, potato starch, and 
polyvinyl alcohol to create pH-sensitive packaging films  
[36], which showed good inhibitory effects on E. coli and 
S. aureus and exhibited color changes corresponding to 
pH and TVB-N levels during fish preservation. 

Other foods 
Recently, Pickering emulsions containing natural anti
bacterial agents have also been applied for the pre
servation of dairy products [37] and baked goods [38]. 
For example, gelatin films incorporating three-phase 
Pickering emulsions could preserve fresh (acid-coagu
lated) and mozzarella cheese due to the complete in
hibition of pathogenic bacteria (S. aureus, L. 
monocytogenes, and S. enteritidis) and the delay of lipid 
peroxidation [37]. Composite films based on ginger es
sential oil Pickering emulsions prolonged the shelf life of 
packaged bread slices from 4 to 30 days because of the 
sustained release of antibacterial ingredients and the 
emulsion protective layer that slowed down evaporation 
and staling [38]. 

Conclusions and perspective 
Natural antibacterial agents have attracted great atten
tion as sustainable food preservatives due to the rising 
infections and outbreaks caused by foodborne patho
genic bacteria, addressing the increasing concerns about 
the potential health risks posed by synthetic pre
servatives, as well as the demand for minimally pro
cessed and ready-to-eat food products with high 
nutritional value. Pickering emulsions have shown great 
potential to be effective carriers for antibacterial agents, 
attributed to their cost-effectiveness, high loading ca
pacity, high stability, sustained release, low toxicity, 
biocompatibility, and sustainability. Pickering emulsions 
containing various natural antibacterial agents can be 
customized to meet the specific preservation require
ments of perishable food products through dipping, 
spraying, or active film formation, creating protective 
barriers that inhibit bacterial growth and contamination 
and ensuring enhanced food safety and quality retention. 

Currently, most attention has been paid to the incorporation 
of antibacterial Pickering emulsions in active food packaging 
films. This strategy not only prolongs the antibacterial effect 
but also improves the mechanical and barrier properties of 
packaging films; however, the integration of active films in 
practical packaging systems should be further considered. 
Direct coating suggests a facile way to apply Pickering 
emulsions, especially for food products with complex 
structures, but the type of food may affect the antibacterial 

efficacy, and the dipping/spraying processes may change the 
sensory and texture of food. Emerging techniques such as 
electrospinning and 3D printing provide exciting opportu
nities to construct novel carrier structures, which will lead to 
future investigation. The adoption of natural antibacterial 
agents represents a sustainable solution, but at the same 
time, navigates significant regulatory hurdles, such as rig
orous compliance requirements, and should address eco
nomic considerations to align production costs with market 
demands and consumer willingness. In recent years, con
cerns regarding the potential biotoxicity of nanomaterials 
have led to increased research into the toxicity of Pickering 
emulsions. However, studies on the cellular toxicity and in 
vivo metabolism of antibacterial agent-loaded Pickering 
emulsions remain limited, as most existing research mainly 
focuses on formulation design and antibacterial perfor
mance. Additionally, there is a lack of precise study on the 
effects of food matrix components on the antibacterial ac
tivity of Pickering emulsions. The simultaneous incorpora
tion of various natural antibacterial agents into Pickering 
emulsions has shown promise for improving preservation 
performance, and more research works on the synergistic 
effects and interactions of different bioactive compounds 
can be expected. Future research should also pay attention 
to the potential resistance of foodborne bacteria, such as 
Acinetobacter, Pseudomonas, and species of Enterobacterales, to 
various antibacterial Pickering emulsions. 
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