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Poria cocos peel residue (PCPR) still contains much soluble dietary fiber (SDF), steam explosion (SE) treatment
was applied to PCPR Lo create a superior SDF. Steam pressure of 1.2 MPa, residence period of 120 s, and moisture
content of 13% were the optimized parameters for SE treatment of PCPR. Under optimized cireumstances, SE.
treatment of PCPR enhanced its SDF yield from 5.24% to 23.86%, Gompared to the original SDF, the SE-treated
SDF displayed improved enzyme inhibition, i

luding the inhibition of «-amylase and pancreatic lipase, also

enhanced water holding, oil holding, water swelling, nutrient adsorption including cholesterol, nitrite ions, and
glucose and antioxidant abilities, Additionally, it had a decreased molecular weight, improved thermal stability,
and a rough surface with many pores of different sizes. Given that SDF had been impraved physiachemical and
functional characteristics thanks to SE treatment, it might be the excellent functional ingredient for the food

‘business.

1. Introduction

Poria cacos is an eatable fungus that is primarily grown in China. Due
to the mushroom's high concentration of polysaccharides, triterpenoids,
dietary fibers (DFs), proteins, frace elements, and amino acids, it has
therapeutic benefits on inflammation, oxidative swress, tumors, and hy-
perglycemia (Zhao ct al, 2023). So, after processing, Poria cocos is
typically consumed as food or used as medicine (Lan et al,, 2023). The
Poria cocos peel residue (PCPR), produced as a by-product of processing
of Poria cocos is typically discarded or utilized as animal feed. However,
PCPR is abundant in DF, as a result, it might have additional economic
worth. DF, as a kind of macromolecular polysaccharide, is one of the
seven nutrients. In the small intestine, it is not, however, absorbed
(MNepali et al., 2022), According to studies, DF lowers the risk of devel-
aping some prolonged ailments, such as heart disease (Khanpit et al.,
), diabetes (Mazhar et al, 2023) and obesity (Waddell & Orfila,
). Based on its solubility, DF can be divided into two categories:
insoluble DF and soluble DF (SDF) (Liu et al., 2022; Gan et al,, 2020),
The surface shape, functional groups, and molecular weight of SDF are
typically significant contributors in the physical, chemical and func-
tional characteristics of DF. High-quality DF has an SDF concentration of
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mere than 10% (Khanpic et al., 2 1). For the sake of
reusing PCPR, boosting the SDF content in DF might be one option.

The process known as steam explosion (SE) is a common physical
pretreatment in which fibrous raw materials are weated with high
temperature pressurized steam for a set amount of time. This pushes the
steam into the raw materials' tissues and cells to achieve component
separation and mechanical alteration in the materials through the
prompt pressure relief procedure (Mader et al, 2022; Wan et al,, 2022),
SE s better than other pretreatment techniques in terms of affordability,
energy efficiency, and absence of chemical pollution (Arshanitsa et al,
2022). During SE processing, cellulose and hemicellulose, which are
insoluble macromolecular polysaccharides, are converted into the small-
molecule soluble polysaccharide SDF either through thermal degrada-
tien or hydrogen bond breaking (Arshanitsa et al., 2022), Therefore, SDF
extract yield from by-products including orange peel (Fan et al., 2022),
sweet potato waste (Wang et al., 2017), okara (Li et al., 2019) and apple
pomace (Zhao et al, has been improved using SE technology.
These results suggest that SE cotild be used as a prewreatment method to
produce high quality SDF from PCPR.

To achieve the highest SDF extraction yield in the current work,
PCPR was treated with SE utilizing certain experimental conditions. To
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y  Okara is the by-product of soybean during processing, which is rich in dietary fibre. In this study, the
effects of steam explosion (SE) treatment on the physicochemical properties and biological activities of
soluble dietary fibre (SDF) from okara were investigated. Results showed that SE increased the water-
halding capacity, oil-holding capacity, swelling capacity, water solubility, foaming ability, foaming stabil-
ity, emulsifying activity and emulsion stability of SDF. The structure of okara-derived SDF was changed
after SE treatment, and the surface was poriferous. rough and collapsed. SDF from okara modified by
SE exhibited significantly higher glucose ion capacity, chol | adsorption capacily and antioxi-

manifested by the increase in DPPH and ABTS-radical scavenging activity as well as ferric
ion-reducing antioxidant power. In vitro colonic ion and 168 rDNA seq ¢ showed thal SE
wreatment up-regulated the short-chain fatty acids (SCFAs) concentrations and increased diversity of gut
microbiota. Moreover, SE treatment increased the relative abundance of specific beneficial bacteria includ-
ing Laciohaeillus, whereas decreased the relative abund of . Ei s, Esch

Shigella and Proteus. In conclusion, these results highlight the potential of SE in improving the physico-

chemical and functional properties of okara-derived SDF and promoting its future application.

Keywords  Gut Microbiota, okara. physicochemical propertics. soluble dictary fibre. steam explosion,

soluble dietary fibre (SDF) or insoluble dietary fibre

Intraduction (IDF) based on its solubility (Stephen e/ al., 2017).

Okara (soybean residue) is the by-product from the
manufacture of soy products such as tofu and soy milk
(Eze et al., 2022). With the development of soybean
industry, the demand for soybean is inc 2. Most
of okara are vsually us feed, fertiliser or dis-
carded due to its high susceptibility to spoilage, unde-
sirable flavour and high moisture content. resulting
in low utilisation rates and significant socio-
environmental problems (Hu er al. 2019). However,
okara is rich in nutrients and contains 15.2%-33.4'
proteins, 42.4%-58.1% dictary fibres, 8.3%-10.9%
lipids and 0.1% soy isoflavones when dried (Vong &
Liu, 2016). Therefore, it is of great significance for the
high-value utilisation of okara resources

Dietary fibre is the indigestible complex carbohy-
drates in plant foods, which can be categorised as

Tiange Li and Ruigi Liu contrbute squally.

DF has several physicochemical properties including
water-holding capacity (WHC). water swelling capacity
(WSC), oil holding capacity (OHC). glucose adsorp-
tion capacity (GAC), cholesterol adsorption capacity
(CAC) and viscosity, which bring food good properties
to improve sensory quality, gel capacities and mechan-
ical properties (FHe er al., 2022b). DF, especially SDF.,
exhibits a variety of health benefits such as improving
the gut health and preventing the development of obe-
sity, type 2 diabetes, cancer and intestinal diseases
(Veronese er al., 2018; Dayib er al., 2020). Owing to
its peculiar rich fibre composition, okara has possible
prebiotic impact on the maintenance of intestinal
microecology, as well as the consequential influence
against metabolic disorders (Swallah et al., 2021).
SDF-rich okara treatment increased the relative abun-
dance of several beneficial bacteria and short-chain
fatty acids (SCFAs) concentrations, thus alleviating
obesity and hyperlipidemia in high-fat diet-induced

doi:10.1111ijfs. 16695
2023 Instituta of Food, Seionco and Teshnology (FSTTF)



3.LiN, WuT, Cai, et al. Portable detection platform integrated with
smartphone-assisted ratiometric fluorescence sensor for visual on-site detection of
lead(Il) in aquatic products[J]. Microchemical Journal, 2024, 204: 110997.

Microchemical Journal 204 (2024) 110997

Contents lists available at SeienceDirect

Microchemical Journal

Microchemical

journal homepage: www elsevier.com/locate/migroc

ELSEVIER

Portable detection platform integrated with smartphone-assisted ratiometric fluorescence sensor

for visual on-site detection of lead(1l) in aquatic products

Ning Li ", Tiantian Wu", Yuzheng Cai”, Tiange Li
Jiansheng Zhao ", Erkigul Bukyei ?, Tianlin Wang'’

Lianjun Song ", Xianqing Huang °,

* Heman Engincering Technaology Resatrch Center of Faod Processing and Circulation Safery Contral, Coligge of Faod Sciemee and Techmology, Heman Agricultumel

Gmiversiy, Zhengahou £50002, China
* Henan Shuangius invesement & Develapment Cor, L., Luohe 462000, China

© Heman Teckinology Innovaion Cencer of Meaz Processing and Research, Luohe 462000, Ching

* Deparanent for Food Engineering School of Texlmology, Mongoli University of Life 53, Uaanbaaiar

17024, Movgolia

ARTICLE INFO ABSTRACT

Keywords: Lead ion (Pb**) pollution seriously threatens the quality of aquatic products, In this study, a ratiometric flue.

Ratiomertic fluorescence sensor
Detection of lead

Onsite

Poctable detection platform
Aquatic products

was developed for selective

rescence sensor consisting of tangerine fluorescent Mn:Zns QDs (T-QDs) and blue fuorescent Fe-MOF (B-MOF)

a0 o Pb*, the T-QD: hed

i s
while the fluorescence of B-QDs was slightly changed, causing the changes of fuorescence colors from tangerine
to blue with a detection limit (LOD) of 3.79 nmol/L. The sensor also had the strengths of low cost, easy to

operate, excellent sensitivity and selectivity. Significantly, a portable detection platfom integrated with the
sensor was constructed to achieve on-site visual detection. As expected, the detection platform was successfully
applied for testing Pb®* with the LOD of 7.78 nmol/L. The strategy may not only provide a great capacity for on-
site monitoring of Pb** in aquatic products but alsa expand application in environmental pollution detection.

1. Introduction

Due to rapid industrialization, large amounts of wastewater con-
taining heavy metals are discharged into rivers and lakes, polluting
farmland and the aquatic environment [1,2], Lead (II) ion (Pb?") is
considered one of the most toxic and severely polluted heavy metals,
which can accumulate in aquatic animals and plants through the food
chain [3,4], causing several diseases such as blood disorders, mental
diseases, heart disease, and nervous system damage (5 7). Conse-
quently, the maximum detection limit of Pb*" in aquatic products has
been by i and For
example, the Chinese govemment and the European Union have set
maximum residue limits for Pb** in aquatic products at 0.5 and 0.3 mg/
kg, Tespectively (41, the complex envi and the
presence of other substances (such as metal and salt jons) can affect the
accuracy of the detection results, Therefore, a novel method that can
specifically detect Pb®" and not get affected by other substances should
be wgently developed. Traditional analytical methads for Pb2* detec-
tion include atomic absorption spectroscopy (AAS) [#], atemic emission
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spectrometry (AES) 9], and inductively coupled plasma atomic emis-
sion spectrometry (ICP-AES) [10]. These methods effectively satisfy the
accuracy requirements for detecting Ph?*. However, the limitations in
complex instrument eperation, time consumption, and high costs are
significant. Therefore, the real time monitoring of the target is difficult
1]
Inxecent years (Table 1), a range of novel methods are developed for
the rapid detection of Pb*", such as colorimetrie [12], fluarescence [13],
and electrochemical methods [ 14], have gradually garnered attention
15]. Among them, the ratiometric fluorescent sensor has become the
first candidate for the visual on-site detection of Pb*" due to its multiple
fluorescence signal responses [ 16]. Furtherly, it can self-calibrate by
lating the ratio of fly intensiry, imp the sensirivity
and accuracy [17]. Presently, the ratiometric fluorescent sensor has
gameted widespread attention due to the diversity and convenience of
their constituent materials and other fluorescence characteristics,
including metal-organic frameworks (MOF), carbon quantum dots
(CDs), quantum dots (QDs), metal nanoclusters, and various organic
dyes (18], He et al. designed a ratio fluerescence sensor based on
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Abstract

Lead (Pb) exposure poses significant health risks, particularly in neurodegenerative diseases such as Alzheimer’s disease
(AD). This study investigates the neuroprotective effects of pea peptide (PP4) on PC12 cells exposed to Pb. Using Cell
Counting Kit-8 (CCK-8), pretreatment with PP4 at 50 and 200 uM concentrations significantly improved cell viability
compared to Pb-only treated cells (P <0.05), indicating a protective effect. Moreover, Pb exposure led to increased Amy-
loid Precursor Protein (APP) expression at 10 and 20 puM after 24 h (P <0.05), while (-site amyloid Precursor Protein
Cleaving Enzyme 1 (BACEI) levels were elevated across all concentrations tested (P <0.05). We established that PP4
can mitigate Pb-induced cytotoxicity and reduce the expression of APP and BACE] by activating the Phosphoinositide
3-kinase / Protein Kinase (PI3K/AKT) signaling pathway. This study highlights the potential of PP4 as a therapeutic agent
in preventing neurotoxic damage associated with lead exposure, suggesting a novel approach for the management of AD.

Keywords Lead - Pea peptide - APP - BACEI - AB,_,, - PI3K/AKT

Introduction including contaminated soil, water, and air. For example,

cereals like wheat showed Pb levels reaching 4.04 pg/g,
Lead (Pb) contamination in food is a growing concern due  surpassing the cereals” maximum allowable concentration
to its potential health risks, particularly in regions exposed  of 0.20 ug/g. At the same time, vegetables from the Tangail
to industrial activities and environmental pollutants [1.  district exhibited even higher levels, with specific samples
2]. It can enter the food chain through various pathways,  containing up to 2.17 pg/g of Pb [3]. Due to its persistence
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Abstract

Lead (Pb) exposure is a major environmental risk factor for neurodegenerative diseases. This study investigates the neu-
roprotective effects of black soybean peptides (BSPs), particularly BSP1, BSP3, and BSP4, against Pb-induced toxicity in
HT22 mouse hippocampal neuron cells, with a mechanistic focus on the RhoA/MAPK signaling pathway. The rationale for
targeting RhoA/MAPK stems from their established roles in mediating oxidative stress and apoptosis in Pb-related pathology.
Pretreatment with BSP1 or BSP4 (200 uM) increased cell viability by approximately 35% relative to the Pb-only group. At
the same time, BSPs also decreased intracellular reactive oxygen species (ROS) levels by up to 40% and malondialdehyde
(MDA) by 30%. Antioxidant enzyme activities, including superoxide dismutase (SOD) and catalase (CAT), were restored to
near-control levels; for example, SOD activity increased 1.8-fold compared with the Pb group. Western blot and immunofiuo-
rescence confirmed that BSPs reduced the Pb-triggered activation of RhoA, ROCK1/2, and MAPK proteins (p38, INK, ERK).
These findings demonstrate that BSPs mitigate Pb-induced neurotoxicity by enhancing antioxidant activity and targeting
RhoA/MAPK signaling, highlighting their potential as functional food ingredients or therapeutic agents for neuroprotection.

Keywords Neuroprotection - Black soybean peptides - Lead toxicity - RhoA/MAPK pathway - Oxidative stress

Introduction

Alzheimer’s disease (AD) affects over 33 million people
worldwide [1]. AD is a significant cause of dementia in older
adults and is characterized by the buildup of hyperphospho-
rylated tau proteins, extracellular amyloid beta (Ap) plaques,
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mitochondrial dysfunction, and synaptic damage [2]. Numer-
ous studies have shown that lead disrupts neurcnal function,
including changes in neurotransmitter release, excitotoxicity,
impairments in synaptic formation and plasticity, and the
progression of neurological disorders like AD [3-5]. There-
fore, it is essential to identify substances that can effectively
reduce the impact of heavy metal pollution, especially lead
(Pb), on the nervous system.

Recently, through molecular docking of rice bran active
peptide KF-8 with various predicted potential antioxidant
targets, Yang et al. ultimately identified SIRT1 and CXCR4
as KF-8's antioxidant targets, laying the groundwork for
subsequent research on the peptide's antioxidant mecha-
nism [6]. Our previous study found that black soybean pep-
tides (BSP1-BSP5) with sequences KKWNP, KKAFPKD,
KAKSPLF, KKATNPLF, and KKKILSYAMDG had high
biological activity and purity of more than 80% [7]. BSP has
shown potential in mitigating Pb-induced oxidative stress by
reducing ROS production via the Keapl/Nrf2/TXNIP sign-
aling pathway, making it a promising candidate for func-
tional foods and therapies [7].

4 springer
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Abstract
The oligosaccharides present in peas, an important edible legume, play a erucial role in its physiclogical funetions. In this
study, the microwave-ultrasonic assisted extraction of pea oligosaccharides was optimized using both single factor and
response surface methods with water as the extraction solvent. AB-8 macroporous resin was used for decolorization and
of these ol ides, followed by their impact on prohiotic proliferation in vitro. The optimal
conditions for extraction were found to be microwave power at 700 W for 30 s, solid-to-liquid ratio at 1:12 g/mL, ultrasonic
power at 190 W for 22 min, resulting in a maximum yield of pea oligosaccharides at 7.97%. Purification of pea oligosac-
charides using AB-8 macroporous resin resulted in sugar retention and decolorization rates of 89,39 and 91,13%, respec-
tively. HPLC analysis revealed that stachyose accounted for the largest proportion (34.53%) ameng the pea oligosaccharide
eomposition, followed by verbaseose (23.82%), raffinose (1.15%), and sucrose (17.15%). Furthermore, these pea-derived
oligosaccharides exhibited significant effects on promoting the growth of Laciobacillus paracasei, Lactobacillus plantarum,
A ia muciniphila, and Bifidob fum bifidum strains; thus suggesting their potential application as high-quality
prebiotic materials in functional food development.

Keywords Pea oligosacchrides - Microwave ullrasonic assisted extraction - Response surface methodology - Probiotic

proliferation

Abbreviations Introduction

RFOs  Raffinose family cligosaccharides

HPLC  High-performance liquid ¥ ‘The cultivation of pea (Piswnt sativiem L.} as a significant

BBD  Box-Behnken design legume crop is widespread globally, with major producers

RSM  Respanse surface methodology including Canada, China, Russia, the United States, and

RCM  Reinforced clostridial medium India. Pea seeds are abundant in protein, starch, dietary fiber,
oligosaccharides, vitamins, and minerals; thus constituting
an essential component of the human diet (Wu et al. 2023).
The oligosaccharide content in pea seeds ranges from 5.8%
to 15.7% (Gawlowska et al. 2017), playing a crucial role in
various physiological functions (Kanwal et al. 2023). Pea

= oligosaccharides primarily consist of the raffinose family
oligosaceharides {(RFOs), which are eomposed of sucrose

= molecules linked by a-1.6 glycosidic bonds to one or mare

galactoside groups at the glucose-C6 position. Raffinose
serves as an exemplary instance, while stachyose, verbas-
cose, and other sucrose derivatives are also encompassed
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Abstract: Aflatoxin By (AFB;) exhibits high toxicity and has the potential to induce cancer,
deformities, and mutations. [t is therefore highly desirable that sensitive and straightfor-
ward methods for detecting AFB; be developed. In this study, due to the high specific
adsorption capacity of AFB; aptamers, we applied a sensing slrategy based on quantum
dots (QDs) and carboxyl-functionalized graphene oxide (FGO) to construct a simple fluo-
rescence quenching platform. FGO and CdTe QDs modified with AFB;y aptamers cause
a FRET effect that produces CdTe Qs with yellow-green fluorescence quenching. When
AFB, is present, aptamers form complexes with it and CdTe QDs leave the quenching plat-
form, resulting in fluorescence recovery. In this study, we used a fluorescence aptasensor
with a wide detection range of 0.05 to 150 ng/mL and a low limit of detection (LOD) of
8.2 pg/mL. The average recoveries of AFBy in peanut and pure milk samples ranged from
94.5% to 107.0%. The aptasensor also exhibited the advantages of simple operation, low
cost, and good stability. The sensing strategy reported here can thus serve as a potential
candidate for the rapid detection of AFB;,

Keywords: aflatoxin By; aplasensor; carboxyk-functionalized graphene oxide; CdTe

QDs; FRET

1. Introduction

Aflatoxin By (AFBy) is a type of harmful substance generated by Aspergillus flavis
and Aspergillus parasiticus. It is easy for agricultural products to be contaminated by
AFB; [1,2], which has been closely associated with immunosuppression, kidney disease,
and even cancer [3-5]; indeed, AFB, is recognized by the International Organization for
Cancer as a Class [ carcinogen. Contamination of food by AFB; is now a major global
issue, and the development of effective and user-friendly AFB; detection strategies is now
highly anticipated.

Today, HPLC, TLC, and LC-MS are the most widely used conventional AFB; detection
methods [7-8]. These approaches have advantages in terms of detection sensitivity and
accuracy. However, their application in rapid detection is constrained by several limitations;
these include cumbersome measurement procedures, high costs, and the unsuitability
of such metheds for screening large samples. In recent years, immunological methods
have been developed for the simple and rapid detection of AFB;, primarily including
electrochemical immunoassay, ELISA, and antigen microarray [10-12]. However, the high
cost of antibodies used in immunological methods is a concern that cannot be overlooked.
Compared with antibodies, aptamers are easier and cheaper to produce [13]. Consequently,

Chemosensors 2025, 13, 141
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Kapwards:
Aptasensor

Fluorescence resonanice encrgy transfer
Point.of-care testing

Zearlenone

Herein, a ratiometric Muorescence aplasensor was established for zearalenone (ZEN) detection based on fluo-
rescenve resonance energy transfer (FRET) between aptamer-modified CdTe quantum dots (D) as danor and
gold nanoparticles (AuNPs) as aceeptor. The fluorescence of CdTe QDs quenched by AuNPs based on FRET, while
Si QDs with blue fluorescence as reference. The aptamer-modified CdTe QDs were adsorbed 1o ZEN in the
presence of ZEN, and the distance between the energy receptor and the donor increased, which prevented the
FRET and led to th f CdTe QDs. The hibited a limit of detection of 3.5 pg/
mL with & lincar range of 0.01-100 ng/mL. In addition, a portable detection device was constructed by inte-
grating with smartphone for point-of-care testing (FOCT) of ZEN with satisfactory results, which could provide a
promising application for visual POCT of ZEN in cereals.

1. Introduction

Zearalenone (ZEN), also known as F-2 toxin, is an osteogenic
that Iy i cereal crops, The ical
and reproductive systems are the main organs affected by its toxicity,
which is detrimental to both humans and animals, leading to underde-
veloped embryos, reduces fertility, and abnormal reproductive hormone
levels (Zhang, Xu, et al., 2023). Furthermore, ZEN is barely possible to
be eliminated through food processing conditions due to its high thermal
stability, contaminating the end products (Wan et al., 2022), Dietary
intake is the main exposure route, After the toxin entets the body, the
toxin residue will accumulate in the body because of the long meta-
bolism time. Currently, the European Union limits ZEN residues in comn
and grains (50-350 yg kg ') (Zhang et al, 2016}, and the China Na-
tional Food Safety Standard limits the ZEN in grains to no more than 60
pg kg (Li et al, 2021). Therefore, accurate and sensitive detection of
ZEN is of great significance for ensuring physical health.

Up to new, the conventional methods for ZEN detection mainly
involve thin layer chromatography (TLC) (Yin et al
formance liquid chromatography (HPLC) (Xu et al,, 2
chromatography coupled with mass spectroscopy (LG-MS)

2021). These strategies require expensive large instruments, profes-
sional analysts and time-consuming sample preparation, although they
have advantages in precision and accuracy. Furtherly, the development
of enzyme linked immunesorbent assay (ELISA) makes detection
methods simple and efficient. However, the instability of ibodies
hindered its wide utilization in accurate quantification (Chen et al,
20203 Liu, Wei, et al, 2022). In comparison with ZEN-targeted antibody,
ZEN-aptamer exhibits higher stability and better specificity (Cui ef al ,
2021; F 1., 2023). Thus, the aptamer based sensars (aptasensors)
accupy a major position in the prompt and sensitive determination of
ZEN (Guo et al., 2023; Na et al., 2023; Sun et al., 2022; X
23). Among the methods, the aptasensors relying on fluorescence
resonance energy transfer (FRET) become excellent candidates for ZEN
determination (51, Zhan; 2022).

As for FRET, a prerequisite condition invelves the congruence be-
tween the emission spectrum of the donor and the absorption spectrum
of the acceptor, which induces the quenching of doner fluorescence and
reduces fluorescence lifetime (¥ 1, 2023; Lao er al, 2023). To
enhance the FRET efficacy and increase the sensor sensitivity, an
excellent donor-acceptor pair in recagnition device is required. Because
of the distinctive colloidal and optical characteristics, semiconductor

& Wang, 2021; Zhang et al.
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Abstract

Enzyme-like nanomaterials have received significant attention for their high stability and low cost. However, most nanomate-
rials require complicated synthesis processes, limiting the range of their potential applications. In this study, a novel cerium-
based nanomaterial was fabricated in a facile manner from a mixture of dipicolinic acid (DPA), guanosine 5'-monophosphate
{GMP}, and cerium acetate under ambient conditions. The obtained nancmaterial, designated as DPA-Ce-GMP, exhibited
superior oxidase-like activity owing to the mixed valence (Ce’*/Ce**) of cerium ions, DPA-Ce-GMP efficiently catalyzed
the oxidation of 3,3,5,5-tetramethylbenzidine (TMB), achieving a color reaction without requiring hydrogen peroxide. Thus,
DPA-Ce-GMP was incorporated into a simple, rapid, and sensitive colorimetric sensor for glutathione (GSH) detection.
Within this sensor, TMB oxidation is inhibited by the reducibility of GSH. The sensor exhibits a linear response over two
concentration ranges (0.05-10 and 1040 pM}, and its detection limit is 17.1 nM (3a/slope). The proposed sensor was suc-
cessfully applied to GSH guantification in food samples. The developed sensor provides an efficient biomimic oxidase for
GSH detection in real samples.

Keywords Cerium - Nanomaterials - Enzyme-like - Oxidase-like activity - Colorimetry - Glutathione

Introduction

Natural enzymes are widely known to play significant
roles in various processes. However, their instability and
high cost limit their practical applications [1]. Recently,
to resolve these difficulties, natural enzymes have recently
been replaced by nanomaterials with enzyme-like proper-
ties (nanozymes) [2, 3]. Nanozymes’ wide applications
range from sensing, imaging, and therapeutics to pollutant
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removal and beyond [4-8]. Generally, classic nanozymes
mainly include metallic oxide nanoparticles such as ferric
oxide (Fe;0,), manganese dioxide (MnO,), metal hydrox-
ides, metal-organic frameworks, and carbon-based nanoma-
terials [9-14].

Cerium (Ce) has atiracted significant attention and is a
lanthanide element with unique properties that differ from
those of other lanthanides. The mixed valence of cerium ion
(Ce**/Ce™) suggests the possibility of reversible switching
from Ce** to Ce** [15, 16]. Ce’* exhibits a fluorescence
arising from the 4f to 5d transition [17], whereas Ce*+iCe*
can confer a mimic enzyme property to Ce compounds (e.g.,
cerium dioxide) [18]. Therefore, Ce-based nanomaterials
have been employed as target sensors. For example, Qiu’s
group proposed a novel luminescent Ce(III)-based coor-
dination polymer nanoparticle for the selective detection
of As(IIT) [19]. Liu's group designed a perylene diimide-
functionalized CeQ, nanocomposite as a peroxidase mimic
for the colorimetric determination of hydrogen peroxide and
glutathione (GSH) [10]. Like most nanomaterials, Ce-based
nanomaterials require complicated synthesis processes,

@ Springer
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Keywords: Given the inerease in public safety incidents due to bacterial infections, sensitive detection and real-time inae-
Bacteral ifection tvation of pathogenic bacteria have girmered ineneasing atiention in the field of food safety, clinical dingnosis,
Multifunctional manoplatform and environmental monitoring. In this study, we constructed & “hwo-in-one” PRGDPA-Ce-GMP@Van (PCV)

Ratiomelric Buorescence peobe
Antibacteria
Photodynamic and photothernial therspeutic

ke propertics and therapeutic (PTT) and photodynamic thera-
ics for the detection and inactivation of pathogenic bacteria, PCY was captured on the surface
us complex. After centrifugation, PCV suspensions could catalyze non-
to Muoreseent substrates and Muoreseent scopolamine (SC) into non-
e probe with SC/AR reading was constructed for the

possessing
peutic (PDT) abi
of S, aureus to form a PCV/S,
fluorescent Amplex Red (A

uorescent substrates. Hence, a ratiometric fluorescencs
sensitive detection of bacteria. The detection range reached 10'-107 colony-forming unit (CFUYmL, and the
detection limit was as low as 5.0 CFU/mL. Furthermore, approximetely 99.7 % of free S, aurens can be inacti-
vated by the PTT and PDT abilities of PCV. Thus, this nanoplatform exhibits a novel advantage in deteeting and
inactivating bacteria. Morcover, the bacterial infection wound model indicated that PVC exerts good disinfection
ability. This study is of immense significance in the application of targeted sensing, eliminating bacterial

infection, and even

nical therapy

1. Introduction

Foad ar water resources contaminated by pathogenic bacteria can
cause food poisoning and intestinal infectious diseases after entering the
human body through the food chain, becoming a serious concern and
threatening to global public health [1-3], Pathogenic bacteria passess a
high adaptability and reproduction rate, therefore, they can easily cause
infections and induce serious damage to tissues or organs, even at low
doses [1]. Therefore, rapid and easy-to-use methods should be devel-
oped for bacterial detection. Recently, a series of nanomaterial based
biosensors using surface-enhanced Raman scattering [5,61, fuores-
cence [7,8], electrochemical [9,10], and colorimetric [11,17] were
developed for the tapid and sensitive detection of bacteria. Nevertheless,
most of the methocks only focused on the detection of bacteria, ignoring
the significance of further bacterial inactivation [13]. Some nano-
materials, such as polymers or metal oxides, have also been i

and drug 14-17], There-

fore, 2 multifunctional nanoplatform should be urgently developed for
the simultaneous rapid detection and efficient inactivation of bacteria.
Recently, Prussian blue (PB), as a photothermal nanomaterial, has
garnered inereasing attention for its ability to inactivate bacteria due to
its strong nearinfrared spectroscopic (NIR) light absorption (. —
700-500 nm) and high photothermal conversion efficiency [ 16-20]. For
instance, He et al has reported the phytic acid (PA)-PB-CP network ag-
gregates were developed by combining PA-incluced PB with cationic
polymers (CPs) via electrostatic interaction. The cooperative bacteri-
cidal effect of contact-killing incluced by the CPs and the localized
photothermal effect due to the PB endow the PA-PB-CP with strong
i« [21). Hao et al reported a

of PB doped with (PB-Van). After targeting

bacteria and capturing them by PB-Van, the bacteria can be effectively

studied in bacterial inactivation due to their flexibility, functional

* Cornespanding author.
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by PB when the increases under
near-infrared irradiation [22
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Rapvords Soy protein isolate (SP) serves asa key ingredient i the peoduction of plantbased mear products. However, the
Sy prorein isdte structiial ehavacrerisrics and the digestive hehavinr of SE1 tequire further aprimizarion. In his sy, $1 was
Ghloragevie acid covalenrly modilied 1sing chiomgenic acid ((i4) and larrase (LA, and e elfecrs of (2i4 and TAL: on the
Eaccine

structaral and digestive properties of high extrudates were tgated. The findings
revealed that SIT extrudates modified with CGALAC exhibited a mace rompart Abmus structure and meatike
wntae, Juslysis through foadier wunsfurn infeared spertoseupy (FTIRY and Sluceesconce specirascopy
demansmrated that TAC facilitaed the ercss linking of $P1 under the aecion of CGa, thereby enhancing the
structucal stability of the protein nehwock. In vitto digestion studies showed limited. digestibility during the
gasie: phase, Henvewer, 1pan mansifon o e intesnnal (hase, the Aigesribiliny markedly incressed Ane 10 the
elfecrive enaymatic serian of mypsin.

Hligh melsture exusion
stencruca and digestive propertics

1. Introduction

The glabal mansition toward sustainable protein sources has accel
erated imovation in plant-based meat produetion (
[rmmy i, Ml & Alvarez, 20205 Mal n, Wathpali, &
¥iel, Wel Liu, & Zhou, 2027), Plant based prateins ave eharactarized by
the absenee of cholesterel and trans-fatty acids, along sith high levels of
dietary fiber, vitamins, and essential Tmtrients. Additionally, th
supperts the sustainable development of the global scosystem (Tan.
Hlawaz, & Buckaw, 2025), positioning them as an optinal protein
sanrce. At present, the dominant forn of plani-based protein produces i
imitation meat. As reperted by Market us, the global marke for these
products is estimated at $9.2 billion and is expeeted o grow 1o
Dilliom by 2032, reflecting a CAGR of 18.5 % (4] .
et rligs an prodneed siig pracuses sl s ansiong b
zarion (silking), and flavar enbancement o replicate e texiure, flavor,
and taste of aninal meat, High molsture extusion (HME) has become a
ey 1o i prodaing fbrous meal avalogs fn plan-durieed pro-
teins (See, Chiang, Law, & Osen, 2026), Through the application of
elevated temperatue, presswre, and shear forees, the moleculy

war

configuratiun of plant proteins is wansformed, and ineractions among
protein companents, such as thase frvalving globuling and
are distupred. This leads to the unfolding and subsequent realigniment ol
the protein chains, tesulting in the development of & meat-like fbrous
strnere. This transformation prodoces a meat, analag based on plant-
based procein with a taste and chewing sensation comparabls t that
of anfinal mear (Sclinid, Farabn iliarl, d Torley, 2092), More-
over, the HME techmology invelves low encrgy consumption, eca-
(riendly prosessine, and highly ellicient production approaches. I
vevent years, HME las drawn extensive atiention (Zleris, Cher, Kaplan,
& Wan, 2027 Phang e al, 2023). Tn partienlar, SP1is  muriionatly
complers and functionally versatile ingredient thar contains mare than
000 % protein (Lo A, de
2005). SPT camprises appro
e essent
2022, In terms of eomposition, its amino seid profile & highly compa-
vable to that of anial proteins (orsses ot al, 2018), Neverthelsss, the
watnal glabolar cmfgation of SE1, primarily eomposed of feoi-
glycinin (75) and glycinin (115) subunits (Foshm ot dl, 2015 1
etal., 2019), imposes swucnural consuainis that hinder the development

perones,
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1. Intaduction

Lead (Ph), an omuipresenc toxic heavy meral, pervades ecrin pe-
tnolewm derivatives [1]. Lead has the propensity to accumulace in
various organs and tissues within the human body, particolariv in the
inmicote nervous system, exerting heightened toxiciry duing neural
developueut in nsunmals 121, Lead poesesses the abilily o tavease the
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bload-brain bamier (BRE; ining entry into the eerehral vealm and
instigaring neuroroxieiry (3 |. Several acientific inquiries hava atreatel
thae exposure to lead indvces neural impairment, subscquendy precip-
itnting diminished cognitive faculfics in mice [4,5]. The defining hall-
mark of Alzheimer's disense (AD) resides in the deposition of amvlaicl
bern procein (A7) wichin the cersbral cortex. |t has been bypothesizecl
that Jear] exposuse cnbiances lhe exprossion of wuyld precusor

ammm reviscd form 28 May 2023; Seccpted 31 May 2003
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Tn thic paper, the effects of Mol wmet on physialogical and biachemical changes, pheroli: comprnds and
anticxidant system of pea sproars were stufied. Resuhs shawed thar NaCl stress.
length end resiration. rat of pen sprows. and resalied in oxidutive damage. Tiomey

ihited the bud length, mat
wac] peumoted the

of ratal

phenolic

peak undor 50 mmol I KaGl strvss. At the same

time, the ey comymes acsiviics of PAL, Hl'l =nd 4CT. were enhanced. Tn sddifion, NaCl stecss increased the
activily af RO, CAT, S0D auf APX,
0 sty

The surichon

e sontwxidlont gty of e S

wpether promoted the eobancement of

emzyme activity log:

antioxidant eapariry. This sults prvided & seiontific hasis far flrther impeaving the funetianal sompancnts of

e

1. Tnrroduction

Pea (Pésrim sapivam 1. iz an annual climbing herhaceus plant in the
Iepuninous Gaunily. Due to its diverse processing properfies aud abun-
dant bioactive substnces, it has gracually been widely consumed as a
food In recent vears. The commercial eullivation of bean sprouts in-
volves precise control of environmental conditions such as remperature.
and hunidity to ensure optimal growth. The barvesting me s ako
erucial as it directhy affects the nuritional cootent and taste of bean.
sprouts. I secenl years, witls the decpenng of the understauding of
health promering compounds in pea sprouss, it jon has.

023} fund that the toral phenolic contant, total
Oavonoid eontent aud snboxdut aclivily i pea sprouls were higler
than thos in pes seeds.

Phenolics are e main secondary melaboliles of plut resistauce lo
environmental stress and pathogens (Ampofo & Hgad Pen
phenolics mainly Include Aavonoids (rutin, kaempferol, quercetia),
phenolic rmﬂs (pcoumaric acid, vanillic acid, ferulic acid), fnnins,

They are waiuly
by aromatic amino acids, phenvialanine and tyrosine through the
inetabolic patlay of shildinie ucid and phenylpropau, und ute crueial

sradualy iscriased. Numerous studies have shown Uhat pea sprouls ate
abundant In earbohvdrates, plant proteins, vicanins, minesalk, and di
etary fiber (Rungtusngmaitree & Jizsunghoorskul, 2017). It was re-
poited that the coteat of ealth promolisg compociads o pea sprouts
wwas considlerably hizher than that in seeds [
& Estrella, 2004; Xu, Fu, Lu, & Wei, 2022). lﬂadﬂlnen.peﬂspmuts:um
coniain hioactive mmpmmdi with high anfioxidant capaciry, sch as
phesolies, whoos eontent was significantly higber than thar of phenolics

2019), Berges Martinez. z‘suagﬁredmmemmolgamc
and syringic acids increased during che garmination of pes sprouts.
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of plant system (Wang e al, 2023), Phenyl

propane metabolic patlivay s the nain pallwvay of plenslic biosy-
thesis. Pheaylalanine ammenia Ivase (PAL), ¢innaare 4 lvdraxylase
(C3H) and d-coumaric acid coenzyme A ligase (4(:1] are key enzymes
Involved in phenolic biospnthesis (Ziang et al, 2024), The biosyuthesis
of phenolic is a complex chemical reaction network, which is an
endogenous regulation process in the process of plant growth and
[ such as light (1ia

3 an, Jian,
-+ al., 20700m,h). Researchers
ave found that e content of phenclc substances I soybean seed
germination was increased by stimulating the activity of PAL and other

it
wraviok light ¢
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Twessylacrase (2 1) is ane of the masr mevalane milk nlignsar charides. In this shdy, the anri chesing ol feer ol
1. was sxplored in high Far dist (HIED) fed mice. Masmilte showed that 5 (7. allewiated hody weight gain,
smproved seram lipid profiles und incecased cavrgy expeaditaze. Under cold exposace, 2L gruup shuwed
Dtgher Tudy and tectal temperataze, impowiug atupes Gennogenesss. 2-FL alleviizd by secunoku,
inereased mimehnndrial DHA eanrenr, as well as 1 pregulated The pratein expression of thermegenic markers
sucloding UCF | TREH 1 6, TGC-1o and e plosphurybativn uf AMTR in buth white and brown adipusc dssue, 2-
FL alsy mecoased the divecsily of gal microbioty i LD wice, The Buctervidkes/ Fomscautes caliv, 2 Uie Bifdo-
bacterium abindance wara increased, e AbunAance was Ascreased after
o VIt HE mice altered the Bile arid [rales at |esels comparabie o narmal dier g1

sesults meicates Urat 2 FL promotes thennogeuests and medulates gotmicrobiog w alledtaie vbasity,

L ——.
il st
il

Tile seidle

W mearment.
. These

1. Introduction mainly responsible far energy consumption threugh thaunoganesis
(e, Fanns, & Hiehen, 2091), Brown adipocyes posses unridied
and metabolically active mitochondria with a high expression of
meoupling protein 1 @GR (Lin o al 43 TGP, Jaealed inthe
mitechondrial inner membrane, uncouples mitochendrial respiration
Framn ATP symthests ta dissipate ehomical encrgy in e farm of hear (i
<tal,, 20202), Belge adipacyte, also called “brite adipacyts’, can emerge
i white adipose Lisae (WAT) under various stivmlations such as

Cibesity, oue of the global epidemics in modein huan sociery, is
charaverizad by the acemoulation of fa i the bady and mergy
imbalance (Lin & Li, 2021). There were eurrentdy more than L% billion
avervieiyhin adults ard 650 million ohese adults worldwide in 2016 ac-
cerding o the WHC (Chak 023). It 35 swongly associated
will a shartened lifuspan as we eluprerl, of varions chronie
iseases fnehding hypertension, type 2 divbetes mellims (120M), dys-
lipidemnia, and nonalcoholic fatry liver disease (Fahed et al

I . swhich s ohten knawn
as “browning’ of WAT (Giralt & Villamoya, 2013). Beige adipocyte

s uf whole-
body physiolegy such as energy homeostasis (Rosen & Spisgel

al, 2022).
Adipose ssue i mmltifmetional and controks many aspe

has allowed manunals to adapt to different metabalic needs (I
Spiegedman, 21114), White adipocyles has the fonction of storing e
energy intake in the form of wiglyeerides, whils hewn adipocytes are

cuniributes Lo enier gy expendiine and stres similar characier isticsand
funetions of bravin adipecytes, induding the expression of UCP1 and
multilocular 1ipid draplers Caltinovs, 2022). Gonsequently, the activa-
tion of brown adipose tissue (BAT) and the promaotion of WAT brawning
has become: a new Bargel for sbesity prevention or reat

Gut micrabioea plays a eritical role in mainaining host metabolism

* Gorresponding author ar Henan Engineering Technnlogy Research Genter of Food Processing and Gitewlation safery Connel, Gollege of koad sclence and

Technology, Hena coonz, China,
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ARTICLE INFO ABSTRACT

Keywords: “This study identified phenolic compounds in five flaxseed varieties and evaluated their antioxidant activities.
Flaxseed Results showed significant variations in phenolic acids and flavonoids amang the varieties. Longya 16 had the
Palyphiends lowest flavonoid content, Longya 13 had the lowest phenclic acid content, while Longya 10 exhibited the highest
;E:::m‘:ﬂh content and diversity of polyphenols, including six flavonoids (vitexin, quercitrin, quercetin, apigenin, kaemp

ferol, (+)-dihydroquercetin) and five phenolic acids (gallic acid, vanillic acid, ferulic acid, sinapic acid, and 4-
hydroxybenzoic acid). Antioxidant activity was assessed using DPPH and ABTS radical scavenging assays, and
cell-based assays under BHP-induced oxidative stress, Flaxseed polyphenol extracts significantly reduced ROS,
MDA, and GSSG levels and increased SOD and AT activities, preserving cell vitality and morphology. These
findings confirmed the significant antioxidant activity of flaxseed polyphenols, providing a theoretical basis for
their application in antioxidative functional areas.

Antioxidant capacity

1. Introduction cercbrovascular diseases. Flaxseed polyphenols are a group of natural
plant compounds extracted from flaxseed and are a class of secondary

Flax (Linum usitatissimumn L.) is an ancient herbaceous plant and is metabolites Flaxseed polyphenols include phenolic acids, flavonoids,
cultivated in over 50 eountries and regions worldwide (Han, Yilmaz, & lignans, and other compounds (Hajibab. Abedpoor, Safavi, &
Gulein, 2018). According to the statistical report of the Food and Agri- Taghian, 2022). Stwudies have found that the main compounds in flax-
culture Organization (FAO) of the United Nations, the total production seed include ellagic acid, ferulic acid, quercetin, secoisalariciresinol
of flaxseed is approximately 3.22 million tons, with the majority grown (SECO), and secoisolariciresinol diglucoside (SDG) (Mec
in the Northern Hemisphere. The largest portion is cultivated in Asia 2021). The types and contents of polyphenols vary significantly among
(49.5%), followed by Europe (25.4%), the Americas (21.7%), Africa  different varieties of flaxseeds. Mechehate ef al, (2021) dentified 18

hate et al,

(3.1%), and Oceania (0.3%) (Sharma & Saini, 2022). The main bioactive
components and their contents in flaxseed may vary due to different
generic backgrounds and its environment (Kaj & Sood,
2015). The flaxseed has a crisp texture and rich nutty flavor, often
presenting in reddish-brown color, Flaxseed was composed of approxi-
mately 40% fai, 35% dietary fiber, and 30% protein. It was also rich in

phenolic compounds from flaxseed, including oleuropein, hesperetin,
arsolie acid, isorhamnetin-7-O-pentoside, luteolin-7-O-glucoside, wans
cinnamic acid, procyanidin, and naringin. Kyselka et al. (Kyselka et al,,
2017) isclated ferulic acid, caffeic acid, and p-coumaric acid from
flaxseed polyphenol extracts (Al-Jumaily & Al-Azawi, 2015) identified
six phenolic from flaxseed polypl extracts, namely p-

various bioactive compounds, including omega-3 ted fatty
acids, lignans, cyclolinopeptides, and polysaccharides, among others
(Doyen et al, 2014), which is a multi-funetional nurritional health food
raw material. Adequate intake can lower blood sugar, prevent diseases
such as osteoporosis, and reduce the risk of cardiovascular and

* Correspoin author.
sl i

hrips://doi org/10,1016/ fochx, 2024,101597

ydroxybenzoic acid, vanillin, p-coumaric acid, ascorbic acid, ferulie
acid, and ellagic acid. In studies by Zorenc et al. (2017), it was found
that compared to red currants, white currants contain no anthocyanins
in their polyphenols, but have higher levels of hydroxycinnamic acids
and flavonols. Jiang et al, (2021) revealed differences in polyphenol
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Abstract

Calsyntenin-1 (Clst1) is & sensitive indicator of lead (Ph) toxicity in neural tissue. This study was designed to investigate
the impact of lead exposure on Clst] expression in PC12 cells and the mitigating effect of pea peptide 4 (PP4) on lead-
induced neurotoxicity. Data showed that lead exposure, at varying doses and durstions, disrupted the mRNA expression
und protein levels of Clsinl m PC12 cells. However, mmunolluorescence results showed that treatment with PPY signili-
eantly increased (lstn] protein expression in the Ph-PP4 and PP4 groups compared to the Ph groups (P =(0.05) Lend
wxposure sclivates the JNK and p38 pathways, st the same time, PP4 weatment enhances KRK pathway activation and
reduces JNK and p3¥ setivation

Lead - PCI2 - Alzheimer's disease

Keywords Pea peptide - Calsyntenin-1

Introduction in the progression of AT, with the reduction of A[} believed

to alleviate AD symptoms |3]. Despite the existence of

Alzheimer’s disease (A)). a neurodegenerative disorder
and u major cuuse of dementis, allects over 50 milhon
peaple worldwide [ 1], While the mechanisms of age-related
impairment in AT) remain unclear, key pathways include
amyloid-beta (AP) plague formation, Tau tangles, neuroin-
fammaticn, and cholinergic/oxidative stress, all contribut-
ingg to neuronal damage (2] As per the amylow) hypothess,
the buildup of Aft in the brain is identified as a critical factor

Published anline: G4 March )25

other theories, increasing genetic data strongly indicates
that changes in the sequential protealylic breakdown of the
amyloid precursor protein ( APP) significantly influence AD
develapment [4]

Lead (Pb) exposure is o significant risk factor for neuro-
degencrative discases like AD [5]. Neurotoxeity coused by
Lead (Pb) 15 o sygnificant public heulth problem m develop-

ddevel i

g ped s [5). T ing
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A fluorescent aptasensor based on functional graphene oxide and FRET
strategy simultaneously detects aflatoxins B, and aflatoxins M,
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ARTICLE INFO ABSTRACT
Kiywonds Simultaneous and rapid detection of various mycotoxins in lm‘ holés significant practical inportance in the
Vunetionellzeé graphene oxlde el of ol pru .,mmrm. b [ 0 hene axld

FluorHitshes raoaante ehgy cuntfer lap fafl Py (AIR‘HM aflataxin My CATM, ). The twa aptamers
:gm:"’:"‘ wuh w0 '\FI. .nd qm. are labeled with Cy3 end Cy5 respectively. Both the aptamens e be adsurbed unto

the surfisce of FGO through =-x stacking, remliing in f nomscence resunance nergy transfer (FRET) betwern
the fuarophare and EGO. The rbsence of terget leads 1o quenching of fucrescence while presence of elther
eficionin cnses inloraction lu«ncw cwww aplamer end target, muw to release from FGO surfuce
thereby OD) for AFB, B p/ml whereas
for AEM, it s found to be 20.1 pg/s /., demonstrating fast and sensitive desection capability wslng this s pproach,
Furthermore, the cplsansur cxhibils good specificily awd slectivity even under infiuence from other cummen
interfering toxing. With its simplicity in operation and pomabilicy features, this sensor hes powntial applications

Sumitancous descction

fu establishing sensisive 2nd portable on-ite detection Fethods for Various £y eolukins.

1. Introduction

Graphene oxide (GO) is known for its nen toxicity, low cost, multi
ple funcrional groups, special mechanical properties, and large specific
surface area [1). Hence, they are widely used a8 sensing materials just
I(Jv: meLal-organic frameworks for \hc rapid detection of targets [2-41.

carboxyl grap! GO) i bysimple ox
idation of GO, The increased hydrophilic and oxygen containing func
tiomal groups make it easier to produce a uniform fluaresoence signal
and a bigh degreo of water dispersian, both of which arc key propertics
of binsensors [5.61. Aptamer is single-stranded DNA (ssDNA) or RNA
screened by ligand index enrichment (SELEX) phylogenetic evolution
and have steong attinity and high specificity similar o or even superior
t0 antibodies [7,8]. Al present, aptamers are mainly used as recogni-
tion companents in sensors (o identify tangets [9-111. Moreover, due 1o
the ease of oligenuclestide modificaion, signaling molecules like fuo
rophures can be easily conjugated with aplamers 1o serve as signaling
probes [12].

Mycotaxins are toxic secondary metabolites produced by various
Fungi during grawth, processing and storage, which can eondamize crop
varfciies such as maize, grain, soybean, sorghum, peanut and fodder
[13,14]. Most mycotoxins are chemically stable at high temperatures
and pose a serious threat to hunan and animal health due o their acute
or chrenic taxiciry [15-17). Aflatoxin is 2 major mycotoxin produced by

Mt flavus and Asperglllus parasitic us. It has a severe Impact on
human health and can cause liver cancer, Reye's syndrome, and chronic
hepatitis. Among the majoe subtypes of aflatoxin (B, By, G., Gy, M,
My), aflatoxin B, (AFB,) is the most toxic [ 18]. Currently, most coun
tries sel the maximum allowable level (MAL) for AFBy al 20 ng/ml
[19]. When mammals consume dicts containing AFB; L gels converted
into aflatoxin M, (AFM.), which then gets secreted in milk posing a
secious health hazard for consumers [20,21). Once the fresh milk (n
Fected by AFM, , it will still remain present in dairy products even after
pasteurization during pracessing [22]. The Intemational Agency for Re-
search on Cancer bas classified AFM. as a Tier | carcinogen. ‘Therefore,
the European Lnion (EU) has set a limit of 0.025 ug/kg for AFM; in
infant farmula ineluding formula milk powder [23). At present, tradi.

s such a8 high-p liquid

phy (HPLC) [24] and enzyme-linked immunosorbent assay (ELISA) [25]
are widely used in the detection of aflatoxins. Despite their high sensitiv
ity and aceuracy, limitations such as precision requirements, expensive
equipment, time consuming procedures. and complex sample prepara
tion binder their practical application [26,27). The developed sensors
based an FGO and aptamers have the advantages of both detection ac-

curacy and speed would be able (o solve the drawbacks.
Duie to the widle ultraviolet absorption characteristics of FGO. It can
achieve excellent fluorescence quenching by FRET [25,29]. The adsorp
tion of single strand DNA (ssDNA) to FGO and the strong Hudrescence
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Copger (mp g1 s b g, s Cmescenis o V-G, The semsr s the meri1sin g, and selestise with
Wl detection {1003) a1 2250 . ot an intelligent deivm cumpeed 1 portabile ol deisor
a0 cmsrtphon ¢ ponsteicted, whidh sl 26 protalonf-care testing POCL] AT with & LOK of 7.51

WM. The: stiamgy provides an accessible appreach o i ing heavy metal pallucinn and food safoty.
1. Tntroduction expensive Instrument, fime consuming operafian and maintenance
PLODIENS bitesed the application [ POt of ente festing (POCT) of
Copper ion % one of indispensalla nuTient with human and animals  Cn®  POGT requires the devalopment of detection methods thar are fasr,
andt plants [ife activities, can regulate various physiologieal FRCTions of  coNveient, and A0crate [72ng &1, 20545 SarSFINgIy, e develop
the human bodies (Chan =t al, 2005 7un et al, 2073). Howeusr,  mant of fuarescance senzors hazed on Finorescant nanomateris s conld
insufficient or exosss af €1~ can lead tm many diseases, such as Wilon's  mestal| the requirsments of POGT (Wang e L, 2074). Tn particnlar, the
discase, Menkes dissase, cardiovasenlar disese, and cancer (Lu, Wei,  fluarescence calor changes caused by Huorescent sensars in detecting
e al, 2023, Lu, Zhang, e al., 2028 Zha of sl 2021). In addifion, ™ ia abserved by naked-aye, making them ceeupy an impartant pa-

copper jons caukd casily accumulate in water, fiuis, vegetables and  sition in visual POCT (20 ot al., 2025)

aquatic animals through tha tood ehain, aventually endsngering human Catbos dots (GDs), as o closie closs of fluorescent nanamaterisks
health €Liu, Lo, ot o], 2025). Thewefote, rapid and sensive detection (alafeed ot 21, 2024), have the charseteristics of good water solubility,

i ! ions s very important for enviroomental protection and human  los taxieity, easy to synthesize, and flucrescence acustabiliey (L, Gu,

Lucalth i, [lao, et al, 2023 Spevanskaya et al, 2020). Tence,
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Abstract: 2'-Fucosyllactose (2'-FL), the functi
shown to exert health benefits. This study wa

al oligosaccharide naturally present in milk, has been
aimed to investigate the effect of 2'-fucosyllactose
(2'-FL) on the browning of white adipose tissu 3T3-L1 adipocytes and C3H10T1/2 cells. The
results revealed that 2'-FL. decreased lipid acc with reduced intracellul:
contents in vitro. 2'-FL, intervention increased the mitochondria density and the proportion of
UCP1-positive cells. The mRNA of the mitos iog lated and b

markers (Cox7a, Cyto C, Tfam, Ucpl, Pgcla, Praml6, Cidea, Elool3, Pparx, CD137, and Tmem26)
were increased after 2'-FLL intervention to some extent. Similarly, the protein expression of the
browning markers, including UCP1, PGClx, and PRDM16, was up-regulated in the 2'-FL group.
Additionally, an adenosine monephosphate-activated protein kinase {AMPK} inhibitor, compound
C (1 uM), significantly decreased the induction of thermogenic proteins expressions mediated by
2"-FL, indicating that the 2"-FL-enhanced beige cell formation was partially dependent on the AMPK
pathway. In d the ing of white adipose in vitro,

triglyceride

nclusion, 2°-FL effectively prom:

Keywords: adipocytes browning; 2'-fucosyllactose; obesity; UCP1; AMPK

1. Introduction

Obesity, a chronic disease, has become one of the most prevalent health issues that
attracts global attention, leading to huge social and economic burdens [1]. A variety
of reasons, including genetic factors, envira I influences, unhealthy cating habits,
irregular lifestyles, and many other factors, can contribute to overweight and obesity [2].
Obesity occurs when energy intake exceeds energy expenditure, resulting in the excessive
accumulation of body fat and weight gain [3]. It has been reported that obesity is also the
most significant cause of insulin resistance, hyperlipidemia and other metabolic disorders,
and even different types of cancer [4,5]. The prevention and treatment of obesity are mainly
divided into three intervention categories—drug, surgical, and behavioral interventions.
Among them, drug intervention is the most common despite exerting different degrees of
side effects on the human body, such as inducing heart valve damage and hypertension [6].
Therefore, exploring strategies for preventing and combating abesity and related discases
has become a critical challenge worldwide [7]. Food-derived active substances have
attracted considerable attention for their safety and efficacy. Numerous studies have
investigated the anti-obesity activities of food-derived active substances, which have
emerged as a research hotspot in the field of food nutrition and health.

Further, mammalian adipose tissues (AT) can be divided into two types: white AT
{WAT) and brown AT (BAT) [8]. WAT is mainly distributed in the lower skin and around the

Foods 2023, 12, 4137 https:/ /doi.org /10.33%) /foods12224137
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ABSTRACT: In the present investigation, we demonstrated a simple
approach for the reproducible synthesis of certum(Ill)-based blue
phosphor, which provides versatile applications in the construction of
warm white-light-emitting diodes (WLEDs) and anticounterfeiting
terns. It is found that the mixture of dipicolinic acid (DPA) with
Ce' in cthanol (DPA- u~) emits blue fuorescence under the assistance
of ulraviolet (UV) induc The quantum yield of the DPA-Ce
phosphor reaches 44% and is improved to $2% by combining with
guanosine 3 -mnnuphu\ph:lu (GMP). The obtained DPA-Ce-GMP
te blue fuorescence in both a solid powder and aqueous solution,
having advantages of long luminescence lifetimes, ultralong stability, and
outstanding antitemperature bleaching, With DPA as a universal ligand,
DPA-Tb with green fluorescence and DPA-Eu with red fluorescence are
integrated with the blue fluorescence of DPA-Ce-GMP to g devices. The T

Wedrsts WLED with & qrasteios 73610 of 64% peasentucass excallent siability st o alisy with 5 oelce residisig index of up ta 90, CIF.
color coordinates of (0.37, 0.36), a correlated color temperature of 3950 K, and a lmmmu.“ efficiency of 37.8 lm W', Multiple
anticounterfeiting patterns are further encoded with the as-prepared lanthanide-t Che gation offers a simple
assay for the cost-effective, large-scale synthesis of phosphors, with great promise in diverse applications including the lighting
industry and anticounterfeiting technology.

o
=
g

4,

nstruct full-color and

KEYWORDS: WLED, 1 i b complex, low-cast, ane-pot

1. INTRODUCTION sharp-emission luminescence properties with suitable sensitiza

White-light-emitting diodes (WLEDs) are considered to play a tion.”*** Ln-based green and red phosphors have been
extensively investigated because of their characteristics of

significant role in next-gencration lighting and display devices

an account of their merits of high efficiency, long lifetime, and easily sensitized luminescence.' ™" However, it is hard to
energy savings over Ir:hlimm:\l ndescent hmm :nd achieve Ln-based phosphors with blue emission, which remains

lamps.'? the most a task.'” To fabricate WLEDs, green-emitting and
method for the fabrication of WLI Ds is to couple a blue red-emitting Ln-based phosphors are usually codoped with
emitting chip with green and red emitting fluorescent other blue phosphors such as organ fluorophores, silicon
materials, " However, such WLEDs usually suffer from poor nanoparticles, and quantum dots,'” which might require
color-rendering indices (CRI < 75)." Meanwhile, blue light different excitation wavelengths, limiting their potential
retinal injuries arising from a strong blue spike in the white- applications in the light industry. To prepare Ln-based blue-
light spectrum prevents this technology from widespread emitting phosphors, diverse strategies have been developed.
applications.” * To reduce light toxicity of the blue chip, an Far example, Yin's group reported Dy-doped metal—organic
ultraviolet (UV)-LED chip is selected as the light source to frameworks with blue emission.”® Highly efficient blue

excite a mixture of trichromatic [red-(R)/green-(G)/blue-(B)]
phosphors for the construction of WLEDSs, Diverse materials
such as quantum dots, organic compounds, rare-earth metal-
doped zealites, and metal complexes have been synthesized for
the construction of WLEDs.”™'* Among the developed
phosphors, lanthanide (Ln)-based materials have emerged as
powerful building blocks for the effective preparation of full-
color and white-light-emitting diodes thanlks to their excellent
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L-Glu

Nadl stress

The purpose of this study was to reveal the effect and mechanism of L-Glu treatment on the enrichment of
phenolic compounds in wheat sprouts under Nacl stress. Results of data independent acquisition (DIA) prote-
omics analysis showed that there were 978 DAPs in NaCl compared to CK, and 3813, 202, and 3413 DAPs in L-
Glu, glutamate receptor antagonist 6,7-dinitriquinoxaline-2,3-dinoe (DNQX), and L-Glu plus DNQX compared to
Nacl, respectively. These DAPs were mainly related to cellular metabolism, organic matter metabolism, and
polyphenol compound metabolism. Based on KEGG analysis, DAPs were mainly enriched in metabolic pathways
such as is and i ynthesis. In addition, ion of ammonia
lyase and 4-coumaric acid coenzyme A ligase proteins promoted the accumulation of phenolic compounds in
wheat sprouts. This study revealed the mechanism of L-Glu-induced phenolics enrichment in wheat sprouts

under NaCl stress, providing a theoretical basis for the growth of wheat under adversity.

1. Introduction

Wheat (Triticum aestivum L.), a staple cereal crop globally, was
widely cultivated and processed into various food products such as
bread, biscuits, and noodles (Shamanin et al., 2022). Wheatwas not only
rich in nutrients such as starch, protein, fat, minerals, calcium, iron, and
vitamin A, but also contained phenolic compounds, including flavonoids
and phenolic acids (Wang et al.,, 2020). These phenolics demonstrated
remarkable antioxidant properties, effectively eliminating free radicals
in the body, reducing the damage of oxidative stress to cells, and
showing potential positive effects in preventing chronic diseases such as
cardiovascular diseases and cancer in humans (Miao et al,, 2025; Zhao
et al, 2024). During germination, a series of biochemical changes
occurred inside wheat grains. These changes included the activation of
the endogenous enzyme system and the degradation of large storage
molecules into smaller molecules that were easier for the body to digest
and absorb (Hareland, 2003). At the same time, the content of bioactive
substances such as dietary fiber, folic acid and phenols increased
significantly (Komureu & Bilgicli, 2023). Ceccaroni et al. (2020) found
that the phenolic content of germinated wheat increased by 79.8 %

* Corresponding,
Email address:

https://doi.org/10.1016/j.foodchem.2025.145972

compared to seeds. Similarly, Chen et al. (2017) found that after four
days of germination, the total phenolic content of wheat increased by
442.7 %, and the DPPH free radical scavenging rate was 6-7 times
higher than that of seeds. Compared with seeds, germinated wheat was
‘more beneficial to human body.

Salt stress posed a serious threat to crop growth and a severe envi-
ronmental challenge to global agricultural productivity and food secu-
rity (Fardus et al,, 2021). The most active stage of life for higher plants
was the germination process, during which a variety of morphological,
physiological, and biochemical changes occurred (Zhao et al., 2021).
The germination process was highly susceptible to environmental
interference. Salt was an essential abiotic stress factor that significantly
affected plant root growth and germination rate, and research has
revealed that the stage of seed germination was particularly vulnerable
to it (Gao et al,, 2023). L-Glu was a common amino acid in plants and
played a crucial role in amino acid metabolism (Qiu et al.,, 2020). In
recent years, research has shown that L-Glu also existed as a new signal
wransducer in many plant physiological processes (Tsuruda & Yoshida,
2023). It was crucial for plant growth and development and enhancing
response and adaptability to environmental stress (Liao et al,, 2022). L-
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Keywords Pea peptides and pea polyphenols have gainad anuch amention for cheir potential nunition and health benafits,
Pea peptides snch as , antioxidant, anti v and hyp wing greal potential in
Eea pyphenols

developing fanctional and healthy food. This paper provides a comprehensive review of the preparation tech
nologics, bioactive activities and patential applicarion fields, describing the research Starus, existing problems
amd develepment rends of pea peptides and pes Besides, the an o b e

Detic, and blood pressure lowering activilies of pea peptides, as well as the cureent msearch statns of delivery
ystem: 5 and discussed, Additionally, the of pea peptides polyphenals with
other nutrients to develop new functional food ingredients will spark a trend in the development of plant-based
nutritional health foods, This review will provide clear research ideas for frther in depth research and appli
cation of pea peptides and pea polyphenals. and point out the direction for scientific researchers committed to
pea research.

Functional activity
Delivery spsem
Euture ditections

antidia-

1. Infraduction prospeets for large-scale and susiainable production in temms af Taw
material supply, process maturity, large-scale production, and market

Pea is 2 one-year-old herbaceous plant in the genus Pisum of Legu-  application. According to Equinom statistics, the global pea protein
minosie, which s rieh in proteins, carbohydrates (Zhang ot «l, 2020),  market & expected lo reach $2.9 billion by 2027, and the demand for
dietary fiber (1, Tian, & al, 2024), vitamins, polyphenols and other  altermative protein based an yellow peas is expected to sxceed supply. In

nutrients (Siicenen 2024}, and play an important 1ole in people’s the Chinese market, according to CENData (First Financial Business Data
daily diet and the food industory (Taylor et al.. 21). Among them, pea Center), the annuial growth rate of pea protein in China exceeds 25 %%, far
protein and pea polyp o ianportant inpeas, each of  liigher Unan it of soybean protein, which b an anmual growth rate of

them has unique properties and health benefirs,

With therapid vise af the plant-basad marker, thers has been a surge
in global demand for plant protein, cspecially pea protein, a potential
sustainable protein source (Roelo al, 2020).
Compared (o soy protein, pea protein has various advantages, such as
the absence of lactose and cholasternl, low ealorie conrent, lack of ge-
netie modification concerns, relarively low bean odor and less likely to
cauvse allergies (Fisehor ot al., 2020), which make it suitable for lactose
intalerant mndividuals, those with digestive disorders and advoeate
vegetarianism, Compared with other plant-based proteins, such as fava
bean protein and chiekpea protein, pea protein has the most promising

* Corespandin
Eanail add
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less than 10 %. From preduction and eultivation, to processing and
i and then tomarker. ion, pea prorein has connected
countless encerprises from many counirics around the world, atempting
w develop new raw inaterials and products with Jigh mutritional value
and marlet appeal, forming an emerging foree that cannot be under
estimated in the global plant protein indusy chain. At present, pea
protein raw materials are widely used in the food and beverage indusay
10 meet consumers' growing pursuit of health and enviromneneal sus-
Latriability. In terms of nutritional value, pea protein is a high quality
plant protein eontaining various essential amino acids, especfally
Tysine that i erucial for protein synthesis and human health (Dong o al
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Keywords: Pea peptides (PF) are natural compounds with multiple bialogical activities, The puipose of this study was to
Stenm expl osion explote the effect and mechanisms of steam explosion (SE) modified PP on lipid metabelism i1 vivo and i vitro,
P;" mf"‘l"r‘[:‘“ — The findings demonsnated that SE-modified PP treatment significandy inhibired lipid accumulation in HepG2
‘u::d ;LM:LKT eidivease cells induced by free fatty acids (FFA). In addition, SE-modified PP ueatment significantly alleviated Liver index,

improved hiochemical paramerers in high-far diet (FIF) mice, SE-modified PP prevented lipid accumulation
through tegulating AMPK activity and decreased lipogenesis assoclated proteins (SREBP, FAS, and ACC),
upregnlated fatry acid oxidation proteins (PPARe, PGGLa, and CPT-1 A) Moreaver, Sk-modified PP alleviaied
hepatic oxidative swess by regulating Nrf2/HO-1 parhway, and velieved Liver mitochondrial autophagy by
upregulating Beelin 1 and 1438 expression. These resnlis demonstrate thar Sk-modified PP alleviates NAFTI by
veducing lipid aceumulation, inhibiring heparic oxidative srress, and increasing liver mitochendrial antaphagy,
which providing refevence for the development of dietary supplements for the weament and prevention of

Miochonddial wuophugy

HAKTD,

1. Introduction

As a liver metabolism disorder, nonalcoholic fatty liver discase
(MAVLL) is caused by abnormal lipid metabolism and excessive fat
accumulation (Lee et al,, 2023; Tandrasasmita et al, 2021), Non-
aleoholie steatohepatitis (NASH) may result (rom NAFLD due to oxida-
tive stress, inflammation, liver damage, librosis, and eventually eimhosis
(Park et al., 022; Pham et al, 2023), Additionally, metabolic problems
include abesity, insulin resistance, hyperglycemia, and hypertension are
typically linked to NAFLD (Zhang, Liu, etal, 20. Despite signilicant
advancements in the discovery of medications for NAFLD, clinical
practice pharmaceuticals may have hazardous side effeet, and no spe-
cific therapeutic agent has yet been identified. Consequently, there is an
emergeney requirement to develop natural active substances that have
highly effective and minimal negative effect on NAFLD,

The pathogencsis of NAFLD is related to lipid merabolism disorders

* Coreesponding authars at Fenan Fngineering Technology Research Cenrer of Faod Processing and

Technology, Henan

ricultural University, Zhengzhou 450002, Chi
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g/ 10.1016/] foed e: 116

(Wang et al, 2019), The increase in de nove synthesis of fatty acids, the
influx of lipids into adipose tissue, and the decrease in lipolysis can
induce excessive lipid deposition in Liver, leading to hepatie steatosis
(ieeren & Sehejn, 2021), ‘Thus, improving NALFD may benefit from
reversing hepatie lipid metabolism disorders, AMP-activated protein
kinase (AMPK), a member of the serine/threonine kinase family, is
involved in eneigy status perception, eneigy expenditue and energy
storage regulation (Wang, Zhang, Yue, ei al, 2023). 1t is essential for
preventing lipogenesis and promoting fatry acid oxidation in the liver
(Lioueral,, 2020). Activared AMPK can promote their downsteam fatty
acid oxidation targers such as carnitine palmitoylnansferase-1 A (GPT-1
), peroxisome proliferator-activated 1eceptor « (FPAR2), and peroxi-
some proliferators-activated receptor-gamma coactivator (PGC)-1alpha,
In addition, it can regulat: lipid synthesis targets such as sterol regula-
tory clement binding protein (SREEP), fatty acid synthase (FAS), and
acetyl-CoA carboxylase (ACC) (Ipsen ot al,, 2018; Jang & Chol, 2022
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1. Introduction

The glabal population is expanding, res: na substancial
in demand for meat, Nevenheless, inensive livestoek farming has
vesulted i subsuntial enyironnnental degradation, with cerein mea
prerdets pusiing  Queat s hmman lealthy inelading o pousaial w
increase the risk of cardiovasculir discase and ype 2 diabetes (ichel
etal, 20210X, al,, 2020}, The prevalling meat products, indhelr
cuvent stare, e no longer adequare 1o satisly consumers demands.
Consequenty, there is an imperative to engineer meat substinutes,
thereby reducing reliance on ennventional meat produets (71 y
2122). Plant-hased meat praducts are derived from plant-based protein
inggredicans that wmdergn @ specialized processing procedy
Leature and erotsitional profile wnselogus w at of ] e

&

products also have a lower envionmental impact and health burden.
making them an ideal meac alternarive. Moveover, with the advance
ment of fiber smctwe evaluarion methods for mear analogues, the
developmene of plant-based mear prodnets as meat sbstioes has
bevane a feasible soltion (A ; Ma ot al,, 2023), AL
prese, the devel b ! u
wariety of categories such as hamburger patties, sausages, and seafood
imitations, Howeves, sersary evaluation and smue wlysls showed
thac irs chewiness, juiciness and fiber anisotropy were still significantly
inferior to animal meat, so how to furcher narrow the gap berween
plantbased meat products and 1eal animal meat was an urgent prablem
10 be salven

Legmne protein, with s abimdant ecsonrees, low envionment)
pollution, o low il cisks, oy beeome an ideal phmi-based
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ARTIGLEINTO ABSTRACT
e Edible packsging flms (EPF) curtenly maitly focus on the performance improvement stage, aud the practical
Potaro strch application products sl need 10 be focther developed and promoted, o as to achieve the real landig of sci-
Snemd yadifichi i v promote i ol oo il ooy ren e i e vuce
et i ) ‘and PST s selected as the film-
ety formiy Desids e (54) is introduced into the il forming matrix of PST, which
improves the tensile strength (TS) and Jm\ymm break (BAB) of the film. Further, fruit and vegetable juices
are incorporated into the PST/SA film-forming marrix, endowing PST/S4-based EPFs with excellent antioxidant
capaities. Finall, the packaging propertics of PST/SA-based EPFs incorporated with fruit and vogetable juices
are evaluared. Results reveal that the prepared
usod o propere sossoring, packaging e, Therefors, this suidy provides  new insighe for thaxautlizationiof
fruitand vegetable juices, aud design # gceen, convenient and low cost approacl o prepare PST/SA EPFs with

good visual effects, stong antioxidant abilities, and excellent packaging properties.

1. Introduction widely used asediblefood packaging materials (I Ghen, et al, 2021; Y
Chen et al,, 2019; Hashemi, Kaveh, Abedi, & Phimolsiripol, 2023; Liu
). e filim-forming properties of various starches have been
studied, dcmvns\:ra(mg the potential application of starch in the field of
EPFs (Zolek-Try & Kaluza, 2021). For instance, potaro
starch based x\dnupanu]ea had been suceesstully fabricated and applied
of the edilie

Biopolymers based edible packaging films (EFFs) gain more and
more atcention for their good biodegradable and sustainable advan-
tages, which make them cco-friendly and can be used as substitutes for
parts of traditional plastic packaging materials (Huang et al, 2093; L. 1i

et 20244, 2024b; Maramigoni Jumior, Vieira, Jaroz, & Aujos, 2021)
EPFS refer 1o the film or coating material be eaten withon
damaging human health, which can be used as primary packaging,
control the water d inprocessed
food, provide a delivery system of active/biological comporents, and
can bemsed as a sounrce of sensory attraction (Kherri et al,, 2091; Ribeirc

et al, 2024). Among them, ERFs produced by using polysaccharide,
proteinand] by
researchers (Atia ct al., 2022; Marangoni Junior et al, 2021 lifting 2

that ca

starch bised flms (Q. Yang et .,
tional starch nanocomposite film was reported and showed excellent

A self reinforced multifne

ctivily of f

Titehi fruits (Vo e a1, 2024, All hese researches

of starch based EPFs, which were developed by

active components or their nano-encapsulation

materils for improving the poor mechanical and active performances
of well as the high britleness. Wang, Ju, Dizo,

and Yang (2024 Gieutsed n dral the advantages, preparation tech-

proved the pop

incorporating various

Zhao,

global upsurge in the rescarch of edible food prescrvation/packaging

films (Mohamed, El-Sakhawy, & El-Sakhawy, 2020; Wei et al, 2024),
Due 0 he advantages o rih resoures,ow cot, sy t form

non toxicity, degradability and edibility, starch based EPFs have been

nologies, film-forming meehanism and performance strengthening
strategies of starch-based EPFs, and comprehensively analyzed their
application in the preservation of fruits and vegetables, meat products,
and dairy products. Finally, they prospected the fture development of
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ARTICLE INFO ABSTRACT

Keywords: Flaxseed polyphenols exhibited antibacterial and antioxidant properties; however, their poor solubility and

Flaxseed polyphendl stability limited their application in food products. Incorporation into nano-emulsions improved their dissolution

Epian and encapsulation. This study evaluated the stability of flaxseed polyphenol nano-emulsions, formulated with
ability

chitosan, lactoferrin, glyceryl monocaprate, and flaxseed gum (FP-CTS-FG, FP-LF-FG,FP-GM-FG), over 28 days of
storage, heating at 60/80/100 °C, and freeze-thaw cycles at 20 °C. The initial zeta potentialof these three
emulsions are all greater than 30 mV, and the particle sizes are less than 500 nm. Minimal changes in particle
size, zeta potential, and phase behavior, along with reduced surface tension and droplet aggregation, indicated
g0od stability. When used as a coating for spiced beef, the emulsion reduced moisture loss, inhibited microbial
growth, and delayed lipid oxidation and quality deterioration. Overall, our findings provided new insights and

Spiced beet
Preservation

avenues for the application of flaxseed polyphenols in the food industry.

1. Introduction

As a traditional Chinese delicacy, spiced beef possessed a long-
established history and distinctive processing techniques. This culi-
nary product was characterized by its palatable flavor profile and
considerable nutritional value, while simultaneously reflecting pro-
found cultural significance in Chinese gastronomy. Nevertheless, the
moisture content of spiced beef rendered it vulnerable to microbial
contamination, ultimately leading to product deterioration. This
inherent characteristic significantly restricted its shelf stability and
consequently hindered its preservation under conventional storage
conditions (Zhang et al., 2021). Extending the shelf life of while main-
taining quality stability of spiced beef presented a substantial techno-
logical challenge. Traditional preservation methods predominantly
employed vacuum packaging or low-temperature storage to prolong
ion

increased operational costs. The food industry frequently utilized syn-
thetic preservatives including sodium nitrite and potassium sorbate to
inhibit microbial proliferation of both spoilage organisms and patho-
genic strains. Nevertheless, epidemiological studies revealed associa-
tions between chronic exposure to such chemical additives and adverse
health outcomes, particularly allergic response, gastrointestinal disor
ders and potential carcinogenic risks (Silva & Lidon, 2016). The devel-
opment of natural, safe plant-based preservatives emerged as a research
priority to mitigate quality deterioration and extend the shelf life of
spiced beef during storage. Investigations demonstrated that these
botanical preservatives not only exhibited sirong antimicrobial efficacy
but also significantly reduced food safety risks while minimizing adverse
environmental impacts, thereby providing a viable preservation strategy
for meat products. Plant polyphenols, characterized as secondary me-
tabolites with multiple phenolic hydroxyl groups, were widely distrib-

product shelf life. Vacuum packaging i
limitations due to difficulties in recycling packaging materials and
associated persistent ecological pollution concerns. Similarly, low-

uted in , fruits, legumes, and tea, demonstrating antioxidant,
anticancer, anti-inflammatory, and antibacterial properties (Ding et al.,
2020). Their application as natural preservatives in food systems had

temperature cold storage required refrigeration

throughout transportation and storage phases, which significantly
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Excessive levels of penicillin (PAT) in fruit juice pose significant risks 1o food safety and human health, In this
swdy, a ratiometric fluoreseence sensor with on.site visyalization detection capability had been developed for
PAT detection based on Firster resanance energy transfer (FRET) in this study, This strategy utilized MIL-101(Cr)
with a wide absorption peak as the while doped graph dots (1.5
GQDs) conjugated with PAT aptamer with :mhlr bl Bt ies it energy ﬂnnm wriggering the
FRET effect and quenching the blue luorescence, When exposed to PAT, the aptamer preferentially binded to
PAT, separating the danor and aceeptor, thereby internupting the FRET Eﬂrm and recovering the blue fuores
cence, Assisted by the red internal gold were
observed from red to blue with the concentration range of 0.01-300 ng/ml of PAT and a low limit of detection at
3.29 pg/mL. More importantly, a portable detection device integrated with smartphone was designed for on-site
visual PAT detection with satisfactory results. This strategy eould provide new opportunities for on-site quali-
tative and quantitative detection of PAT in actual foods.

Kapwords:
Ratiometic flsoresceace sensor

Onsite detection

1. Introduction

Mycotoxins will be found i byproduets such as fruits and juices
during growth, harvesting, swrage, tansportation, and processing.
Patwlin (PAT) is ane of the most frequent natral poisons, having
initially been discovered in rotting apples and apple juice and later
#ppeatiog i ol Kindisof muldy fruits (Yao et al., 2024; Zhang et al.,

2024
kidney, Liver, and gammm.emnal ac, as well as imeversible damage
such as and is (

Analysis and detection procedures are critical instruments for regu-
lators in ensuring food safety. Currently, a lot of work has been done 1o
evaluate the level of PAT in food, chromarography methods such as thin
layer  chiomatography  (Khamandi 1 al, 20
chromatography-mass spectrometry (Rod fgue Camrasco e al
and high performance liquid chromatography (Alvian et il
immunoasay meshods such as srtace plasmon resonance methods (.

., 2024), enzymelinked fmmunosorbent sy (Prayby

fier the benefits nl‘excellem detection and

2024), PAT has been classified as a Class 3 carcinogen (2
2025). The Issue of fo0d safety stemaning fram PAT eontaminarion has
Taised significant concerns. To mitigate the risks assoeiated with my
cotoxins, § i maximum Timits
for PAT in both raw matexials and proeessed foods, The Euxopean Union
(EU) has set a threshold of 10 jg/kg for PAT in infant food (Xue
2024), while China’s national food safety regulations restrict PAT resi-
dues in fruits to approximately 50 pg/kg (Ma o1 al,, 2024),
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high aceuracy, but lheJI disadvantages include long sample preparation
time, high cost, and low reprodueibility (O el al,, 2024a). Therefore, it
is erueial 10 ereate a sensitive, stable, and inexpensive procedure thar
yilds the same outcomes.

Aptamers ate single siranded DNA sequences that can be easy o
modify and bound to targets with high affinity by shape complemen
tation. They are produced by systematic evalution of ligands by expo-
nential enrichment (SELEX) through the evolution of the ligand system
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Keywards: y bowel d } s a chronic disorder of the et that is difficalr
Inflammatory bowd discase o cure. The erucial pathogenic factors of IBD inly caused by the overexpression of flammatory
Reeveratid ecbedded ballow coclum oide: cytokines and the disturbance of gut microhiota triggered by excessive reactive oxygen species (ROS), Herein,
[Rn?:n :‘;::: :::::::.mmm the resveratrol embedded hollow cerium oxide composite nanomaterials with surface modified hyaluronic acid
Hae (Res- CeOL@HA) is developed ta testore intestinal homeastasis and microbiota via
Gt microbiota modulation effective elimination of ROS inflammation, The synthetic nanomedicine integrates the enzymelike activity of
€e0s, the Res, and the of HA. Results showed that Res CeO@HA
had significant advantages in R And it balanced
cytokines by inhibiting M1 macrophage polarization, promoting M2 macrophage polarization, and modulating
the TLRA/ME-B signaling pathway 1o alleviate 8D in mice. Furthermote, it is found that Res-CeDu@fiA
significantly improved the homeostasis of the intestinal microbiota, This friendly and multifunctional nano-
medicine may provide new strategies for the elinical treatment of 1D.

1. Introduction from gastrointestinal muessal cells can trigger inflammatory responses,
resulting in excessive secretion of pro-inflammatory cytokines [6,7].
One of the moleeular mechanisms involves the sustained activation of

MF-xB, which is induced by excessive ROS. This causes the release of

Inflammatory bowel disease (IBD) is a chrone intestinal inflamma
tory disease that includes two subtypes: ulcerative eclitis (UC) and

Crohris disease (CD). IL s prone to recurrence and cannot be completely
cured. IBD has a significant impact on physical health, as evidenced by
its alarming clinical symptoms such as weight loss, abdeminal pain,
‘Dbleody stools, and the potential development of colon cancer [1-7]. The
conventional treatment method is to use antibiotics and immunosup
pressants for clinical intervention. However, frequent and prolonged use
of medication ean lead to multiple complications, including autoim
smune disorders, liver damage, and malignant wmors [4,51, Therefore,
developing effective and safe [BD weamnent swategies is highly
anticipated.

Although the pathogenesis of IBD remains unelear, mounting evi

indi s fon of ROS is one of the signi

etiological factors in the pathogenesis of [BD, Excessive ROS originating
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increased cytokines 10 further activate NF-<B, thus inducing an inflam-
‘mation cascade and ltimately forming a positive feedback loop regu

i of fon.NF.<B 8,9].
excessive stimulation of pro-inflammatory cytokines activates immune
cells, including and which is jed by
impaired intestinal barrier function and symptoms of intestinal micro-
biota imbalance [10,11]. Therefore, developing promising stategies
capable of effectively restoring intestinal mucosal immune homeostasis
and regulating intestinal microbiota by eliminating ROS-inflammation
responses holds immense practical significance for the clinical wear
ment of IBD [12,13].

Recently, many treatment sirategies have been proposed (o address
the complex interaction between ROS and inflammatory respanse.

2025; Reeeived in revised form 27 December 2025; Accepted 4 January 2026
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Handling Editor: Dx. Yeoahwn Park Ob

t is closely associated with cardiovascular disease, type 2 diabetes, and other long-ters

compl

cations, The indication of browning in white adipose tissue (WAT) has emerged as a promising strategy to

Keywords:

Stachyose

Obesity

e

Browning of white adipose tissse
Gat mierabiota

combat obesity. This stdy investigates the effect of stachyose (STA) on WAT browning in mice fed a high fat diet
(HED). Our findings demonstrated that STA significantly inhibited body weight gain, improved glucose toler-
ance, and reduced serum levels of inflammatory biomatkers in HED-induced overweight mice, STA adminis
tration promoted WAT browning and enhanced brown adipose tissue activity, as evidenced by increased protein
levels of uncoupling protein 1 and other browning markers. Additionally, STA treatment modulated gut
microbiota composition, regulated hepatic bile acids levels, and maintained intestinal barrier integi

“These

results suggest that STA alleviates obesity by inducing WAT browning and modulating gut microbiota,

1. Introduction

Obesity has become a global public health concemn. According to
data from the World Health Organization in 2022, one in eight in-
dlvldmls worldwide is classified as obese (body mass index (BMI) > 30)
. 2023). Pathological fat accumulation in the body in-
cleases the risk of varieus chronie conditions, :nclumng rtype 2 diabetes,

lar disease, I asthma, and several
types of cancer (Gudzune and Kushner, 7024). Therefore, effective
prevention and management stategies for obesity are urgently needed
in modem society.

Adipose tissue plays a multifaceted role in human physiclogy. The
white adipose tissue (WAT), primarily located subcutaneously, serves as
an energy reservoir and fumetions as an endocrine organ that regulates
numerous physiological processes (Z. Li et al, 2024), Brawn adipose
tissue (BAT), mainly found in the supraclavicular region, is involved in
thermoregulation and energy balance through adaptive thermogenesis
8] asall et al, 2024). BAT cells are «"ha\’aﬂlemed hy hlgh
ling protein 1 (UCP1) in th (T,
et al, 2024), enabling efficient fat oxidation (Lu et al, 2074), m dﬂ
white and brown adipacytes, a third type—beige (or brite) adipocy-
tes-as been identified. While brown adipocytes develop during

within WAT depots
2016). Although differing in origin and
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distribution, both brown and beige adipocytes exhibit similar metabolic
and morphological features, including multilocular lipid droplets,
Tumerous miloghondna, and elevated UCP1 expression (Wer et
2024). ion of! p in WAT, wiggeredby
cold exposure, dietary components, hormones, and various genetic and
pharmacological interventions, is known as “brawning” (¢
Xu, 2021). Promoting BAT activation and WAT browning is thus
considered a promising therapeutic strategy for oheﬁly
Prebiotics are including p

rides, and polyphenols, that are indigestible by the o i i
the growth and activity of beneficial gut microbiota (Y. Li et al., 2024),
Recent studies have suggested that prebiotics may reduce obesity by
enhancing thermogenesis in both WAT and BAT (Vallianou etal,, 2020),
Functional oligosaccharides, including chitosan oligosaccharide (COS)
and % fucosyllactose (2 FL), have been shown to stimulate the forma
tion af beige adipoeytes and activate BAT through the modulation of gut
mictabiota and bile acid (BA) metabalism ( 1
2024; Lun et a

eong and

2023; J. Wang et al.,

hibits high stability and water solubility. Tt possesses various physio-
logical benefits such as immune regulation, gut microbiota modulation,
‘metabolism promotion, and neuroprotection (Ta e al, 7024). Studies
have shown that STA can effectively reduce body weight, attenuate WAT
expansion, and alleviate hyperlipidemia in HFD fed mice (Ting Li et al,
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ARTICLEINFO ABSTRACT

Alzheimers disease (AD) is a disorder ized by of tau, new-
roinflammation, and amyloid-beta (Af) plaques. Lead (Pb) exposure has heen linked o an inereased risk of AD
and newroinflammation. The putpose of this smdy is tw determine if black soybean peptide (BSP1) may reduce
newroinflammation caused by Ph and assocated AD-like pathology, Pb exposute was given to mouse hippo.
campus HT22 cells in the presence or absence of BSP1, positive control resveratrol (Rsv), or the STRT1 inhibitor
EX-527, Our findings suggest that BSP1 downregulates the expression of heta secretase (BAGEL) and amyloid
precursor protein (APP), inhibits tau phosphorylation, and reduces Ap1-42 deposition. In addition, BSP1
effectively alleviated Phinduced newroinlammation by reducing the phosphorylation of NE-B and the
expression of pro-inflamimnatory cytokines (IL-1, THF-x, NLRP3, and IL-18). BSP] provides neuropiotective ef-
fect via phosphorylaring LKB1 and AMPE, inhibiting mTOR signaling, and activating the AMPK/SIRTL pathway.
These results suggest that BSP1 may be therapeutically beneficial for preventing or weating AD by reducing Ph-

induced neuroinflammation.

Keywords
Black sobenn peptide
Lead (P6)
Azheimer's disease

Heusoinflammation
AMPE/SIRT]/HF-5B oty

environmental contaminant, lead (Pb) is known to harm the central
nervous system, endangering human health and increasing the devel
opment of AD and other dementias [ 7). Several studies have shown that
Pb exposure increases the development of AD, enhances neuro-
and inhibits the ¢l £ AG, i i depositi
and amyloid plaque formation in the brain [4].
Neursinflammation describes the central nervous system's (CNS)

1. Introduction

The clinical pathogenesis of Alzheimer's discase (AD), an ineversible

£ is still unclear. Itis
impacted by numerous intricate genetic and varfables.
The two main pathogenic hallmarks are abnormal tau protein phas-
phorylation, which collects into neurofibrillary tangles and eliminates

cholinergie neurons, ultimately leading to neuronal lass, and amylaid-
beta (A() accumulation, which results in the formation of senile pla-
ques (1), AB is generated by the subsequent eleavage of amyloid pre-
cursor protein (APP) by ¢-seeretase and psite amyloid precursor protein
cleaving enzyme 1 (BACEL). One of the main causes of neuronal
degeneration and a conwibuting factor to the pathophysiology of
neurodegenerative disease such as AD is an imbalance between the
synthesis and clearance of Ap [2]. Consequently, improving Ag clear
anee is a viable approach to both treating and preventing AD. A common
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persistent. inflammatory response. It is essential to the develapment of
AD. Important inflammatory pathways include the NOD-like receptor
protein 3 (NLRP3) inflammasome axis and the nuelear factor kappa B
(NF+B) signaling network [5]. Cells release NF-xB into the nucleus in
response to either internal or external stimuli. It attaches itself to
particular DNA sequences and conttols the synthesis of pro-
inflammatory cytokines like interleukin 1p (IL-1¢) and tumor necrosis
faetor-a (TNF-a) [6]. NLRP3 detects a range of threat indicators. When
Gaspase-1 is activated, mature IL 1§ and IL-18 are released and cleaved,
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Keywords: A ratiometric aptasensor for deoxynivalenol (DON) detection was developed based on ERET between graphene

Huorescence tesonance energy transter
Aptasensor

Ratiometric

Deoxynival enol

oxide (GO) and carbon dots, Blue carbon dots, functionalized with aptamers, act as energy donors, while GO
functions as the energy aceepror, In the absence of DON, the additian of GO quenches the fluorescence of the blue
carbon dots, while the fluorescence of red carbon dots, used as internal reference signals, remains unchanged,
When DO is introduced, the aptamer selectively binds to the target, increasing the distance between the donor

and acceptor, distupting FRET, and gradually restoring the blue fuorescence. The sensor demonstrated a strong

linear relationship within the concentration range of 0.05-200 ng.

/mL of DON, with a detection limit of 14.7 pg/

mL. The superior analytical performance and high sensitivity indicate the potential of the sensor for DON
detertion in real sample matrices.

1. Introduction

Deoxynivalenol (DON), a hannful secondary metabolite, is also
referred to as vomitoxin due te its ability to cause vomiting. It is mainly
produced by Fusarium oxysporum and Fusarium graminearum (Yo et al.,
2023a; Zhao et al,, 2022). DON poses significant health risks to both
humans and animals because of its thermal stability and toxicity, which
remain intact even after standard food processing and cooking methods
etal, 2023), DON is commonly present in cereal
products such as corn, wheat, and oats, Prolonged exposure te DON ean
lead to adverse effects, including anorexia, immunataxicity, repraduc-
tive toxicity, and inhibition af protein synthesis (Shu et al., 20
et al, 2023b). Traditional DON detection methods, such as
high-performance liquid chromatography (HPLC) (Shen et al, 2034),
Tiquid ch hy tandem mass sp (LCMS) (Kim et al,,
16), and thin layer chromatography (TLC) (Kap) and Jura
schek, 2021), offer high accuracy and a broad detection range, but they
require extensive sample preparation and analysis time (Rocha et al,,
2017), Enzyme linked immunosorbent assay (ELISA) provides a faster
response, simpler operation, and no complex sample pretreatment (Qin
et al, 2021), but it may suffer from false positives, non-specific

* Gorresponding author.
E-mail adidress:

hitps;//doi.org/10.101¢

reactions, and the need for expensive antibodies with strict storage
conditions (W et al, 2021; Zhang et al., 2021). Hence, there is a need
for a simple, sensitive, rapid, and precise method for detecting DON.

The fluorescent assay, valued for its speed, sensitivity, simplicity,
and ability for on-site derection, has become widely used in biological
diagnostics (Feng et al., 2023), environmental monitoring (Yan et al,
2017), and food safety (Li et al,, 2027). Aptamers are single-stranded
RNA or DNA molecules that are selected from a random oligonucleo-
tide library through the use of the systematic evolution of ligands by
exponential enrichment (SELEX) method. Aptamers are single-stranded
RNA or DNA molecules selected from a random oligonucleotide library
through the systematic evolution of ligands by expanential enrichment
(SELEX) process. In fluorescence detection, short, chemically synthe-
sized oligonucleatides are typically chosen to ensure efficient and
effective interaction with target molecules (Zhang et al, 2024).
Furthermore, aptamers have low molecular weight, simple change of
functional groups, and good environmental tolerance (Chen et al,
2024a; 2024b; Guo et al, 2024). These characteristics have made
aptamers popular as recognition probes in the development of bio-
sensors for fluorescence-based assays.

Fluorescence Resonance Energy Transfer (FRET) is a non-radiative
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Keywords: In this study, the effect of nanoemulsion on oxidation stability and shelf life prediction of faxseed oil were
Haseed ol studied. Firstly, faxseed oil nancemulsion was prepated by using high-pressure microfluidization technique.
Hanoemul sion

Then, the oxidative stability of faxseed oil and Haxseed oil nancemulsions was investigated under different
storage materials, illuminaton conditions and storage temperatures, The oxidation index of faxseed oil was
measured by accelerated oxidation test, and the shelf life model according to Arh, q
Results showed that the flaxseed oil and its nancemulsion were suitable for storage in low temperature, dark
conditions and ceramie containers. Under various conditions, the oxidation stability of faxseed oil was signi fi-
cantly improved by nanoemulsion encapsulation system, and the peroxide value (POV) and thiobarbiturate value
{TBARs) of flaxseed oil nancemulsion were significantly lower than those of flaxseed oil. The shelf life of flaxseed
il was significantly prolonged by the nanoemulsion system. The shelf life of flaxseed oil was 55, 33, 27 days at
20 *C, 25 °C, 30 °C, while that of faxseed oil nancemulsion was 55, 48, 42 days, respectively. The results
provided a reference for improving the oxidation stability of flaxseed oil.

Stornge conditions
Oxidation stability
shelflife

1. Introduction flaxseed oil, leading (o loss of nurients and bielogical activity, and even

formation of potentially toxic compounds (Shahidi & Zhong 2010),

Flaxseed oil is rich in p faity acids, olino-
lenic acid (Derbyshire, 2018), As an essential fatty acid, a-linolenic acid
has been shown to play an important role in promoting brain develap-

ment, p car disease, bloed lipids, and
inhibiting tumor (D'Eliseo & Velotti, 2016; Goyal et al., 2014; Nasir
pour-Tabrizi et al., 2¢ . In addition, flaxseed oil also contains active

ingredients such as lipids, lignans, proteins, dietary fber, and micro-
nutrients, which has a variety of bieactive funetions. Tn recent years,
flaxseed oil has become increasingly popular, and it is recognized that
adding functional lipids containing omega-3 fatty acids to food is a
strategy to improve the nutritional status of food (Almasi et al, 2021).
However, flaxseed oil is easily oxidized by external factors during pro-
cessing or preservation (Laye et al., 2018). This is mainly due to the fact
that unsaturated fatty acids have multiple double bonds, which are easy
to be oxidized to form unstable hydroperoxides, and further oxidized to
produee short carbon ehain ketones, aldehydes and acids, ete,, resulting
in oxidative acid reaction (Yadav etal., 2018). This destroys the flavor of
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limiting the application and development of flaxseed oil in the food
industry. In order to ensure good food quality of flaxseed oil, it is
necessary to explore how to improve its oxidation stability to extend
shelf life and ensure food safety.

At present, the improvement of oxidation stability of flaxseed oil is
mainly divided into two categories: adding antioxidants and nano-
emulsion embedding. The addition of antioxidants is a common method
o prevent oil oxidation. The eommonly used synthetic antioxidants are
petroleum centred antioxidants which comprises of butylated hydrox-
ytoluene, butylated hydroxyanisole, and tert-butylhyd i {Neha
et al, 2019). Synthetic antioxidants are considered powerful antioxi-
damts that prevented food from spoiling, but their effects on human
health are also controversial (Liu et al, 2016). Nanoemulsion is an
important form of oil in food (Liu et al,, 2023), and the nanoemulsion
embedding system provides a premising way to solve the poor oxidation
stability of flaxseed oil. In recent years, researchers have tried to develop
effective encapsulation systems to improve the problems of poor
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ARTICLE INFO ABSTRACT

Keywords: A sensor car\eble of dual-mode operation was developed to detect Aflatoxin B, (AFB;) through the concurrent
Fluotescence and col orimetric and i ic signals. The AFB, aptamer modified with Gy5 (GyS-Apt) was
Dual-mode adsorbed on lhe surface of hollaw cerium oxide (HCe(r,) to form CyS-Apt@HGe0,, sensor. The fluorescence of
:""‘“"' o, Cy5 was i whereas the like activity of HGeO, was amplified, enabling it to catalyze the

s reaction between TMB and H.0., resulting in a profound blue coloration. Once exposed to AFB,, the strong

Halow cerinm oxide
binding occurred between AFB and aptamer induced the separation of Cy5-Apt from the HCeO; surface,

resulting in the recovery of Cy5-Apt fluorescence and the decrease of HCeO, peroxidase like activity. The sensor
exhibited two linear ranges of 0.02-175 ng/ml and 0.05-650 ng/mL. The limit of detection was calculated as
3.39 pg/ml and 10,74 pg/ml, respectively. The mumal verification of the sensor can ensure the reliability and

accuracy of AFB, detection in food.

1. Introduction

Aflatoxins (AFs) are a group of compounds sharing analogous
chemical structures, all of which are derivatives of dihydrofuran cou-
marins. AFs are the secondary metabolite primarily produced by
Aspergillus flavus, which parasitizes Aspergillus, and most likely to be
found in food and feed in areas with high humidity and heat [ 1,2]. They
are prone o contaminating agricultural products such as peanuts and
wheat [3,4], Currently, mare than 20 types of AFs and their derivatives
have been isolated (B, G, M, and ). Among them, aflatoxin By (AFB4) is
considered to be the most toxic and severely polluting toxin in food due
to the huge risks in 1 ic, hepatotoxic, ic, and terato-

ug/kg, respectively. Hence, ping precise and dependable tech-
niques for detecting AFB, are imperative to guarantee the quality of
food, For a long time, the detection methods depend on large-scale in-
stuments are used to detect AFBy, including high performance liquid
chromatography (HPLC) [&], thin layer chromategraphy (TLG) [9] and
liquid chromatography mass spectrometry (LC-MS) [ 10]. These methods
exhibit great advantages in detection accuracy and sensitivity, which
have been designated as official testing methods by many countries.
However, ex] complex ons, and the need for
professional technicians are the main factors hindering the merthods in
practical rapid detection, Although the enzyme linked immunosorbent
assay (ELISA) has addressed most challenges. The complexity and

genic (5,5, Asa result, AFB has been asaGroup 1
by the International Agency for Research on Caneer [7].

Govemnment departments of most coumtries also have established
their own maximum levels for AFB; detection in food. For example, the
Mational Food Safety Standard of China restricts the concentration of
AFB, in cereals to a maximum of 5 ig/kg. European Union (EU) requires
that the AFB in peanuts and milk should not exceed 2 pg/kg and 0.05
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of antibody preparation remain two major obstacles in
practical applications for ELISA [11,17]. Up to now, fluorescence and
colorimetric methods have gamered significant attention in the detec-
tion of AFB; due to their appealing advantages in rapid response, ease o
operation and low cost. The responses of colorimetric signals are based
on the color changes of the catalyzed substrates [13,14]. And the re-
sponses of fluorescence signals are owing to the changes in fluorescence
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Keywords:

Quantitative proteomics
Diferentially expressed proteins
Wheat sprouts

L-Glu

Nadl stress

The purpose of this study was to reveal the effect and mechanism of L-Glu treatment on the enrichment of
phenolic compounds in wheat sprouts under NacCl stress. Results of data independent acquisition (DIA) prote-
omics analysis showed that there were 978 DAPs in NaCl compared to CK, and 3813, 202, and 3413 DAPs in L-
Glu, glutamate receptor antagonist 6,7-dinitriquinoxaline-2,3-dinoe (DNQX), and L-Glu plus DNQX compared to
NaCl, respectively. These DAPs were mainly related to cellular metabolism, organic matter metabolism, and
polyphenol compound metabolism. Based on KEGG analysis, DAPs were mainly enriched in metabolic pathways
such as is and i is. In addition, ion of ammonia
Iyase and 4-coumaric acid coenzyme A ligase proteins promoted the accumulation of phenolic compounds in

wheat sprouts. This study revealed the ism of L-Glu-ind

d phenolics in wheat sprouts

under NaCl stress, providing a theoretical basis for the growth of wheat under adversity.

1. Introduction

Wheat (Triticum aestivum L.), a staple cereal crop globally, was
widely cultivated and processed into various food products such as
bread, biscuits, and noodles (Shamanin et al., 2022), Wheat was not only
rich in nutrients such as starch, protein, fat, minerals, calcium, iron, and
vitamin A, but also contained phenolic compounds, including flavonoids
and phenolic acids (Wang et al., 2020). These phenolics demonstrated
remarkable antioxidant properties, effectively eliminating free radicals
in the body, reducing the damage of oxidative stess to cells, and
showing potential positive effects in preventing chronic diseases such as
cardiovascular diseases and cancer in humans (Miao et al,, 2025; Zhao
et al, 2024). During germination, a series of biochemical changes
occurred inside wheat grains. These changes included the activation of
the endogenous enzyme system and the degradation of large storage
molecules into smaller molecules that were easier for the body to digest
and absorb (Hareland, 2003). At the same time, the content of bioactive
substances such as dietary fiber, folic acid and phenols increased
significantly (Komurcu & Bilgicli, 2023). Ceccaroni et al. (2020) found
that the phenolic content of germinated wheat increased by 79.8 %
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compared to seeds. Similarly, Chen et al. (2017) found that after four
days of germination, the total phenolic content of wheat increased by
442.7 %, and the DPPH free radical scavenging rate was 6-7 times
higher than that of seeds. Compared with seeds, germinated wheat was
more beneficial to human body.

Salt stress posed a serious threat to crop growth and a severe envi-
ronmental challenge to global agricultural productivity and food secu-
rity (Fardus et al,, 2021). The most active stage of life for higher plants
was the germination process, during which a variety of morphological,
physiological, and biochemical changes occurred (Zhao et al,, 2021).
The germination process was highly susceptible to environmental
interference. Salt was an essential abiotic stress factor that significantly
affected plant root growth and germination rate, and research has
revealed that the stage of seed germination was particularly vulnerable
to it (Gao et al,, 2023). L-Glu was a common amino acid in plants and
played a crucial role in amino acid metabolism (Qiu et al., 2020). In
recent years, research has shown that L-Glu also existed as a new signal
transducer in many plant physiological processes (Tsuruda & Yoshida,
2023). Tt was crucial for plant growth and development and enhancing
response and adaptability to environmental stress (Liao et al., 2022), L-

Received 14 January 2025; Received in revised form 17 July 2025; Accepted 13 August 2025

Available online 16 August 2025

0308-8146/@ 2025 Elsevier Ltd. ALl rights are reserved, including those for text and data mining, AI training, and similar technologies.



35. Sun X, Ma G, Hai D, et al. A comprehensive story of pea peptides and pea
polyphenols: Research status, existing problems, and development trends[J]. Food
Chemistry, 2025, 495: 146428

Food Chemistry 495 (2025) 146428

Contents lists available at ScieticeDirect F D
. CHEMISTRY
Food Chemistry b

: www. elsevier.comflocater t i

journal h

Review

A comprehensive story of pea peptides and pea polyphenols: Research
status, existing problems, and development trends

ab,1

Xinyu Sun , Guocong Ma ™', Dan Hai ", Ge Bai ",

Lianjun Song "

Qi Guo”, Tianlin Wang ", Xianqing Huang ",

* College of Food Science and Technolagy, Henan Agricultural University, Zhengaiou 450002, Henan, China
¥ possdoctoral swarion of Crap science, College of Agronomy, Henan Agricultural Universiy, Zhengahou 450046, Ching

ARTICLE INFO ABSTRACT

Keywords: Pea pepides and pea polyphenols have gained much attention for their potential nutrition and health benefits,
Pea peptides such as v and b 1 showing great potential in
Pea polyphiencls

developing functional and healthy foad This paper provides a comprehensive review of the preparation tech-
nologies, bivactive activities and potential application fields, describing the research status, existing problems
and development trends of pea peprides and pea Besides, the ., antidia-
Befis dind blond prassus awesirg Setivitios of ped. peptides s well a5 e durent msearct sbiits, oF delivery
systems were mainly and discussed. the combination of pea peptides,/polyphenals with
ather nutrients ta develop new functianal food ingredients will spatk a trend in the development of plant-based
nutritional health foods. This review will provide clear research ideas for further in-depth research and appli-
cation of pea peptides and pea polyphenols, and peint out the direction for seientific researchers committed to

Functional activity
Divery system
Futace dicections

pea research.

1. Introduction

Pea is a one-year-old herbaceous plant in the genus Pisum of Legu-

minosae, which is rich in proteins, carbohydrates (Zhang et al,, 2020),
dietary fiber (Li, Tian, et al., 2024), vitamins, polyphencls and other
nutrients (Siitonen et al,, 2024), and play an important role in people’s

daily diet and the food industry (Taylor et al, 2021). Among them, pea
protein and pea polyphenols are two important nutrients in peas, each of
them has umique properties and health benefirs.

With the rapid rise of the plant-based market, there has been a surge
in global demand for plant protein, especia]ly pea protein, a potential
sustainable protein source (Roclofs et al, 4; Tanger et al.,, 2020},
Compared to soy protein, pea protein has various advantages, such as
the absence of lactose and cholesterol, low calorie content, lack of ge-
netic modification concerns, relatively low bean eder and less likely to
eause allergies (Fischer et al,, 2020), which make it suitable for lactose
intolerant individuals, those with digestive disorders and advocate
vegetarianism. Compared with other plant-based proteins, such as fava
bean protein and chickpea protein, pea protein has the most promising
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prospeets for large seale and sustainable production in terms of raw
material supply, process maturity, large-scale production, and market
application. According to Equinom statistics, the global pea protein
market is expected to reach $2.9 billion by 2027, and the demand for
alternative protein based on yellow peas is expected to exceed supply. In
the Chinese market, according to CENData (First Financial Business Data
Center), theannual growth rate of pea protein in China exceeds 25 %, far
higher than that of soybean protein, which has an anmual growth rate of
less than 10 %, From production and cultivation, to processing and
application, and then to market consumption, pea protein has connected
countless enterprises from many countries around the world, attempting
to develop new raw materials and products with high nutritional value
and market appeal, forming an emerging force that cannot be under-
estimated in the global plant protein industry chain. At present, pea
protein raw materials are widely used in the food and beverage industoy
10 meet econsumers’ growing pursuit of health and environmental sus
tainability. In terms of nuiritional value, pea protein is a high-quality
plant protein containing various essential amino acids, especially
Iysine that is crucial for protein synthesis and human health (Dong ¢
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ARTIGLE INFO ABSTRACT
Kepwurds Pea peptides (PP) are natural compounds with multiple biological activities. The purpose of this study was to
Steua explosion explore the effect and mechanisms of steam explosion (SE)-modified PP on lipid metabolism i vivo and in vitro.
Pea peptles The findings demonstzated that SE-modified PP trestment significantly inhibited lipid accumulation in Hepa2

Hoaaleohaie Sty iver disease
Lipid metabolismn
Mitochondvial autephiey

cells induced by free fatry aclds (FEA). In addition, SE modified PP treatment significantly alleviated Lver index,
improved biochemical parameters in high fat diet (HFD) mice. SE modified PP prevented lipid accumulation
thiough regulating AMPK activity and decteased lipogenesis assoclated proteins (SRERF, FAS, and ACCL
upregalated Famy a0id oxidation proteins (PPAR:, PGG14, 2d GPT-L A). Moreaver, SE-modified PP alleviated
hepatic oxidative stress by regalating Nif2/HO-1 pathway, and relieved liver mitochondrial autophagy by
upregulating Beclin 1 and L3 expression, These results demonsirate that SE-mod ified PP alleviates HAFLD by
teducing lipid accumulation, inhibiting hepatic oxidative stress, and increasing liver mitochondrial autphagy,
which providing reference for the development of dietary supplements far the treatment and prevention of
HAFLD.

1. Introduction (Wang et al , 7019). The increase in de novo synthesis of fatty acids, the
influx of lipids into adipose tissue, and the decrease in lipolysis can
As a liver metbalism disorde, nonaleoholic fatty liver disease  induce excessive lipid deposition in liver, leading 1o hepatic steatosis
(MAFLD) is canssed by abnormal I|pld metabolism and exeessive fat 021). Thus, improving NALFD may benefit from
accumulation (teo ot 4, et al, 2021). Non- ipid metabolism disorders. AMP-activated protein
alcoholic steatohepatitis (NASH) may result from NAFLD due to oxida-  kinase (AMPK), a member of the serine/threonine kinase family, is
tive stress, inflamumation, liver damage, fibrosls, and eventually einhosis  involved in energy status perception, energy expmﬂiwre and energy
(Park eval., 2022 Fh 1., 2023). Additionally, metabolic problems  storage regulation (Warg, Zhang, essential for
include obesity, insulin esistance, hyperglycemia, and hypertensionate  preventing lipogenesis and promoring fatry acid uxldalmn in the liver
typleally linked to NAFLD (#hang, Lu, et al, 2003), Despite significant  (Liow exal,, 2020). Aetivated AMPKt:mprmm(t their downstream fatty
advancements in the discovery of medications for NAFLD, dlinical  acid oxidation I AC
practice phamaceuticals may have hazardous side effect, and fo spe- A), paroxome prolifeator- tiigtnd Teseptor @ (PPARR), and peroxi-
cifie therapeutie agent has yet been identified, there fsan (PGC)-Talpha,
emergency requirement to develop natural active substances that have  In addition, it can regulate lipid synthesis targets such as sterol regula-
highly effective and minimal negative effect on NAFLD. tory element binding protein (SREDP), faty acid synthase (FAS), and
The pathogenesis of NAFLD is related to lipid metabolism disorders  acety]-CoA carboxylase (ACC) (Ipsen et ng & Choi, 202
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ARTICLE INFO ABSTRACT

Reeywrrds: The combination of multiple plant prowins for high-meistuee extousion (UMEY is o frasible soluden used
Teansy utamingse. improve e nuiidonal chacacteristics of plant-based meat alternatives, atuacting consid erable research interest.
Blan: procein Hawever, the stracture and nutritional characreri; of plant-based mear alternatives obtained by modifying

Tigghs tmsistr e #xiy usivn

Hypoglye cmic e nticxidant abilitics mixed plant proteimns with ransglutaminase (TG) are still unknowi. In this study, pea protein isulate and wheat

protein blend (PH1WEF) was covalentty modified using dilTerent levels of TG (0 5, 05 %5, 1%, and 2 %), and the
afferts of TG on the stenital and digestive properies of high maisnive sxmidaces wers sysrematically inves
rigated. The findings revealed thar PPL/WP exrudares modified with 1 % TG exhibired a more compart fihons
souerure and meat-like texture. Fourier mransform infrared spectroseopy (FTIR) analysis showed that 1% TG
crosslinking inereased the content of f-sheet in the secondary snucture of PRLAWE protein from 37 % oo 40 %,
which contributes w e stability uf the protein steocture, o vime digestion stadies have shows that | % T3
increases tie total amount of free auins acids during gstoinesina digestion from 4.075 mgank i #6578 mi’
mlL (F £ 005}, and significantly enhances hypoghreemic and antiovidant caparities (P < 0.05). These findings
pravide a solid evidence base for TG fo optimize the fiber stucture and nutritional reinforcement of extruded
materials,

products also have a lower environmenial impact and health burden.
making them an ideal meat alternatve. Moreover, with the advance
ment of fiber stociure evaluation methods for meat analogues, the
development of plant-based mear produers as meat substinites has
Deeumme a feasible solution (Afk de Buc il. AL
presumi, the developmment produes of plan-Dased mean produoe
o vaegrivs sneh as hannbrger g ages, and seafood
findtations, However, sensory evalumtion and suoearal analysis showed

1. Intreduction

The global populaticn is expanding, resulling in a substantial surge
in demand for meat. Mevertheless, inwensive lvestock farming has
resulted i substanudal environmmennal degradaton, with certaim meat
produes pesigg o e w boman Tealth, ehiding the poeandal w
risk of cardiovasenlar disease and type 2 diabews (Miclid
g vt ], 200). The prevailing meat produe

i thedr

eurtent state, are no longer adeguate i satisfy consumers demands.
Cemsequently, there s an imperative o engineer mear subscines,
thereby redueing reliance on conventional mear products (Zhang etal,
(122). Plant-based mear products are derfved from plant-hased protein
ingredients that undergn a specialized processing procedure o atrain a
texrure and nuaironal profile analagous to that of animal meat. These

Technalngy, Henan Agricnlral University, Zhengzhon 450002, China,
“* Corcesponding author.,

that iis chewiness, jnici md fber anisoropy were sl significanily
inferinr e animal mear, so how to foriher narrow the gap between
plant-based meat produets and real animal meat was an urgent problem
0 be solved

Legume pratein, with its abundant resources, low envirenmental
pellution, and law health risks, has become an ideal planc based raw
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Keywords:

Potato starch

Fruit and vegetable juices
Edible packaging films
Antioxidant ability
Seasoning bags

Edible packaging films (EPFs) currently mainly focus on the performance improvement stage, and the practical
application products still need to be further developed and promoted, so as to achieve the real landing of sci-
entific research and promote the rapid development of edible film industry. Herein, the film-forming properties
of potato starch (PST), corn starch (GST) and wheat starch (WST) are investigated, and PST is selected as the film-
forming matrix. Besides, 0.3 wt% sodium alginate (SA) is introduced into the film-forming matrix of PST, which
improves the tensile strength (TS) and elongation at break (EAB) of the film. Further, fruit and vegetable juices
are incorporated into the PST/SA film-forming matrix, endowing PST/SA-based EPFs with excellent antioxidant
capacities. Finally, the packaging properties of PST/SA-based EPFs incorporated with fruit and vegetable juices
are evaluated. Results reveal that the prepared EPFs have good heat-sealing per and can be 11

used to prepare seasoning packaging bags. Therefore, this study provides a new insight for the reutilization of
fruit and vegetable juices, and design a green, convenient and low-cost approach to prepare PST/SA EPFs with

good visual effects, strong antioxidant abilities, and excellent packaging properties.

1. Introduction

Biopolymers based edible packaging films (EPFs) gain more and
more attention for their good biodegradable and sustainable advan-
tages, which make them eco-friendly and can be used as substitutes for
parts of traditional plastic packaging materials (Huang et al., 2023; L. Li
etal,, 2024a, 2024b; Marangoni Junior, Vieira, Jamroz, & Anjos, 2021),
EPFs refer to the film or coating material that can be eaten without
damaging human health, which can be used as primary packaging,
control the water activity of food, regulate the mass transfer in processed
food, provide a delivery system of active/biological components, and
can be used as a source of sensory attraction (Khedri et al., 2021; Ribeiro
et al,, 2024), Among them, EPFs produced by using polysaccharide,
protein and lipids as film-forming matrix have been widely concerned by
researchers (Atta et al,, 2022; Marangoni Junior et al., 2021), lifting a
global upsurge in the research of edible food preservation/packaging
films (Mohamed, El-Sakhawy, & El-Sakhawy, 2020; Wei et al., 2024).

Due to the advantages of rich resources, low cost, easy to form film,
non-toxicity, degradability and edibility, starch-based EPFs have been

widely used as edible food packaging materials (H. Chen, et al., 2021; Y.
Chen et al,, 2019; Hashemi, Kaveh, Abedi, & Phimolsiripol, 2023; Liu
etal., 2024). The film-forming properties of various starches have been
studied, demonstrating the potential application of starch in the field of
EPFs (Zolek-Tryznowska & Kaluza, 2021). For instance, potato
starch-based nanoparticles had been successfully fabricated and applied
to improve the flexibility and barrier performance of the edible
starch-based films (Q. Yang et al., 2023). A self-reinforced multifunc-
tional starch nanocomposite film was reported and showed excellent
preservation effects for litchi fruits (Yu et al., 2024). All these researches
proved the popularity of starch-based EPFs, which were developed by
incorporating various active components or their nano-encapsulation
materials for improving the poor mechanical and active performances
of pure starch films, as well as the high brittleness. Wang, Ju, Diao, Zhao,
and Yang (2024) discussed in detail the advantages, preparation tech-
nologies, film-forming mechanism and performance strengthening
strategies of starch-based EPFs, and comprehensively analyzed their
application in the preservation of fruits and vegetables, meat products,
and dairy products. Finally, they prospected the future development of
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ARTICLE INFO ABSTRACT

Keywords: Flaxseed polyphenols exhibited antibacterial and antioxidant properties; however, their poor solubility and
Flaxseed polyphend stability limited their application in food products. Incorporation into nano-emulsions improved their dissolution
Eqmision, and encapsulation, This study evaluated the stability of flaxseed polyphenol nano-emulsions, formulated with
j::’::‘im chitosan, lactoferrin, glyceryl monocaprate, and flaxseed gum (FP-CTS-FG, FP-LF-FG,FP-GM-FG), over 28 days of
Preservation storage, heating at 60/80/100 °C, and freeze-thaw cycles at 20 °C. The initial zeta potentialof these three

emulsions are all greater than 30 mY, and the particle sizes are less than 500 nm. Minimal changes in particle
size, zeta potential, and phase behavior, along with reduced surface tension and droplet aggregation, indicated
good stability. When used as a coating for spiced beef, the emulsion reduced moisture loss, inhibited microbial
growth, and delayed lipid oxidation and quality deterioration. Overall, out findings provided new insights and

avenues for the application of flaxseed polyphenols in the food industry.

1. Introduction

As a traditional Chinese delicacy, spiced beef possessed a long-
established history and distinctive processing techniques. This culi-
nary product was characterized by its palatable flavor profile and
considerable nutritional value, while simultaneously reflecting pro-
found cultural significance in Chinese gastronomy. Nevertheless, the
moisture content of spiced beef rendered it vulnerable to microbial
contamination, ultimately leading to product deterioration. This
inherent characteristic significantly restricted its shelf stability and
consequently hindered its preservation under conventional storage
conditions (Zhang et al,, 2021). Extending the shelf life of while main-
taining quality stability of spiced beef presented a substantial techno-
logical challenge. Traditional preservation methods predominantly
employed vacuum packaging or low-temperature storage to prolong
product shelf life. Vacuum packaging implementation encountered
limitations due to difficulties in recycling packaging materials and
associated persistent ecological pollution concemns. Similarly, low-

increased operational costs. The food industry frequently utilized syn-
thetic preservatives including sodium nitrite and potassium sorbate to
inhibit microbial proliferation of both spoilage organisms and patho-
genic strains, Nevertheless, epidemiological studies revealed associa-
tions between chronic exposure to such chemical additives and adverse
health outcomes, particularly allergic response, gastrointestinal disor-
ders and potential carcinogenic risks (Silva & Lidon, 2016). The devel-
opment of natural, safe plant-based preservatives emerged as a research
priority to mitigate quality deterioration and extend the shelf life of
spiced beef during storage. Investigations demonstrated that these
botanical preservatives not only exhibited strong antimicrobial efficacy
but also significantly reduced food safety risks while minimizing adverse
environmental impacts, thereby providing a viable preservation strategy
for meat products. Plant polyphenols, characterized as secondary me-
tabolites with multiple phenolic hydroxyl groups, were widely distrib-
uted in vegetables, fruits, legumes, and tea, demonstrating antioxidant,
anticancer, anti-inflammatory, and antibacterial properties (Ding et al.,
2020). Their application as natural preservatives in food systems had

temperature cold storage required refrigeration

throughout tansportation and storage phases, which significantly
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been . Wang, Chen, et al. (2024) developed a
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Abstract: The sim of this study was to prepare and characterize Eucommia wimoides polysacchoride nanoparticles (EUP
NPs) and investigate their anti-infl hiphilic Eucammia ulmaides polysaceharide nanoparticles loaded
with quercetin (QTLA-EUP NPs) were prepared using the anti-solvent precipitation method, The stability of the
nanomaterial was charcierized through the measurement of particl
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