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A dual-mode Th-MOF sensor for malachite green and leucomalachite
green detection
Zuyao Fu', Ze Chen?, Lingfeng Yang', Jing Xie'?, Zhaoyang Ding™?
1. College of Food Science and Technology, Shanghai Ocean University, Shanghai 201306, China; 2 .Shanghai

Engineering Research Center of Aquatic-Product Processing & Preservation, Shanghai 201306, China

Abstract: [Objective] The improper use of malachite green (MG) has led to significant water
pollution, with its metabolite, leucomalachite green (LMG), posing greater health risks through
bioaccumulation in fish. To address this, a dual-emission fluorescent sensor was developed for
detecting both MG and LMG; [Methods]Tb-MOF was synthesized via a solvothermal method,
followed by the incorporation of Rhodamine B to form RhB@Th-MOF. The sensor's morphology
and optical properties were characterized using SEM, TEM, UV-visible spectroscopy, and
fluorescence spectroscopy. Detection performance was evaluated through spectral analysis after
reactions with MG and LMG; [Results]The sensor effectively detected various concentrations of
MG and LMG under optimal conditions. MG significantly quenched the fluorescence of RhB and
influenced Th-MOF fluorescence, making it suitable as a ratiometric fluorescent sensor for MG
detection. As MG concentration increased, the sensor's color transitioned from pink to blue. The
fluorescence intensity exhibited a strong linear relationship with MG concentration over the range
of 0-140 ug/mL, with detection limits of 0.15 pg/mL (colorimetric) and 9.6x107 pg/mL
(fluorometric). Although LMG did not directly affect RnB@Tb-MOF fluorescence, it formed a
ratiometric relationship due to its intrinsic fluorescence properties. The ratio of fluorescence
intensity showed a robust linear relationship with LMG concentration within 0-9.6 pg/mL, with a
detection limit of 3.5x107 pg/mL; [Conclusion|The sensor demonstrated rapid response, high
sensitivity, and specificity. It was successfully used for accurate and reliable determination of MG
and LMG in water and fish samples, confirming its potential for environmental and food safety

monitoring.

Key words: Th-metal organic framework; Rhodamine B; Fluorescence detection; Malachite green;

Leucomalachite green
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Analysis of factors affecting the browning of crayfish hepatopancreas
after high-temperature sterilization
Hongyuan Tan %, Qi Huang™ 2, Jinyu Yu" ¢, Yiting Lu*?, Lingyun Wei?, Liu Shi*, Wei Yu?, Yu
Qiao’
1.Key Laboratory of Agricultural Products Cold Chain Logistics, Ministry of Agriculture and Rural
Affairs, Institute of Agro-Products Processing and Nuclear Agricultural Technology, Hubei Academy of
Agricultural Sciences, Wuhan 430064, China; 2. School of Environmental Ecology and Biological Engineering,
Wuhan Institute of Technology, Wuhan 430205, China; 3. Key Laboratory of Fermentation Engineering (Ministry
of Education), Hubei Key Laboratory of Industrial Microbiology, Hubei Provincial Cooperative Innovation Center
of Industrial Fermentation, Hubei University of Technology, Wuhan, 430068, China; 4. College of Food Science

and Technology, Huazhong Agricultural University, Wuhan, Hubei Province, 430070, China

Abstract: [Objective]This study focuses on the significant browning of crayfish hepatopancreas
during high temperature sterilization, and investigated the impact of the presence of crayfish meat
on the Maillard reaction, phenolic oxidation, and lipid oxidation. [Methods] Through path analysis
to identify the direct pathways and key determinants of browning.[Results] The results revealed
that the browning of the hepatopancreas was more pronounced in the presence of crayfish meat,
likely due to the provision of additional substrates by the crayfish meat, which facilitated the
browning reaction. [Conclusion] These findings indicate that the Maillard reaction and its
interaction with lipid oxidation are the main drivers of hepatopancreas browning. Therefore,
controlling lipid oxidation and reducing the production of Maillard reaction products may be an
effective strategy to inhibit browning of crayfish hepatopancreas after high temperature
sterilization. This is of significant practical importance for enhancing the quality and market

competitiveness of crayfish processed product.

Keywords: Crayfish hepatopancreas; Path analysis; Browning; Maillard reaction
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Angiotensin-1-converting enzyme (ACE) inhibitory peptides from eel
(anguilla japonica) bone collagen: preparation, identification,
molecular docking and protective function on HUVECs
Huan Xiang"
1.South China Sea Fisheries Research Institute, China Academy of Fisheries Science, Guangzhou 510300,

Guangdong, China

Abstract: The objective of this study is to quickly identify the peptides that inhibit the
angiotensin-I-converting enzyme (ACE) from eel (Anguilla Japonica) bone collagen hydrolysates
(EBCHSs) using a combination of peptidomics and molecular docking. Eel (Anguilla Japonica)
bone collagen was hydrolyzed by alcalase and the hydrolysate was separated into three fractions,
among which the F2 displayed a higher level of ACE inhibitory activity. According to molecular
docking calculations, a total of 615 peptides were identified through nano-HPLC-MS/MS, with
the prediction of seven newly discovered ACE inhibitory peptides (PMGPR, GPMGPR, GPAGPR,
GPPGPPGL, GGPGPSGPR, GPIGPPGPR, GPSGAPGPR). Notably, GPPGPPGL had the lowest
IC50 value of 535.84 uM among the identified peptides, indicating its potency as an ACE inhibitor.
The ACE S2 pocket formed hydrogen and hydrophobic interactions with GPPGPPGL.
Lineweaver-Burk plots revealed that GPPGPPGL competitively bound to ACE's active site
residues. Treatment with GPPGPPGL significantly increased nitric oxide secretion (p < 0.01) and
decreased endothelin-1 (ET-1) production in HUVECs. Our findings suggest that combining
peptidomics with molecular docking is effective for rapidly screening ACE inhibitory peptides.
Future studies should assess the bioavailability and in vivo activity of the identified peptide

GPPGPPGL from EBCHs.
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Anthocyanin structure-driven dual-mode “colorimetric-sers”
intelligent patch for aquatic product freshness monitoring
Huiwen Liu®, Limin Cao', Jianxin Sui', Xiudan Wang", Hong Lin*, Kaigiang Wang"

1. College of Food Science and Engineering, Ocean University of China, Qingdao, 266003, Shandong, China

Abstract: The pH-sensitive anthocyanin-based colorimetric sensors can be used to monitor changes
in food freshness. However, these colorimetric sensors can only reflect the changes in food
freshness through color changes, which has poor accuracy. In this work, we developed a smart
label using polyvinyl alcohol and ager matrix incorporated with Au@AgNPs and anthocyanins as
the seafood freshness sensor. The structural basis of anthocyanins served as a novel colorimetric
and surface-enhanced Raman spectroscopy (SERS) dual-mode sensor for monitoring the freshness
of seafood was investigated. The colorimetric function of the sensor can be used to qualitatively
identify the freshness of seafoods, and the SERS function can be used to quantitatively detect the
TVB-N content in seafoods. The results revealed that within a pH range of 2.0 to 12.0, the sensor's
color shifted from bright red to dark green, accompanied by alterations in anthocyanin's
characteristic Raman peaks at 1287 cm™, 1320 cm™, and 1642 cm™ due to structural transitions.
This multiplexed colorimetric-SERS sensor was applied to monitor freshness variations in
cold-stored white shrimp. Furthermore, a PLSR model utilizing SERS signals accurately predicted
the shrimp's TVB-N levels, achieving high predictive performance with R2C=0.949, R2CV=0.906,
R2P=0.975. This study provides a new method for real-time and accurate detection of seafood

freshness.

Key words: Colorimetric; SERS; Anthocyanins; Freshness; Aquatic products
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Antibacterial mechanism of CO, combined with low temperature
against Shewanella putrefaciens by biochemical and metabolomics
analysis
Peiyun Li*?** Jun Mei***, Jing Xie*?3**
1.College of Food Science and Technology, Shanghai Ocean University, Shanghai, 201306, China; 2.National
Experimental Teaching Demonstration Center for Food Science and Engineering Shanghai Ocean University,
Shanghai, 201306, China; 3.Shanghai Engineering Research Center of Aquatic Product Processing and
Preservation, Shanghai, 201306, China; 4.Shanghai Professional Technology Service Platform on Cold Chain
Equipment Performance and Energy Saving Evaluation, Shanghai, 201306, China; 5.Key Laboratory of Aquatic
Products High-quality Utilization, Storage and Transportation (Co-construction by Ministry and Province), Ministry

of Agriculture and Rural Affairs, Shanghai, 201306, China

Abstract: To further reveal the inhibition mechanism of carbon dioxide (COj on Shewanella
putrefaciens (S. putrefaciens), influence on metabolic function was studied by biochemical and
metabolomics analysis. Accordingly, reduction of intracellular pH (pHi), depolarization of cell
membrane and accumulation of reactive oxygen species (ROS) indicated that CO, changed the
membrane permeability of S. putrefaciens. Besides, adenosine triphosphate (ATP), ATPase,
nicotinamide adenine dinucleotide (NAD*/NADH) and ratios of NADH/NAD" were detected,
indicating a role of CO, in repressing respiratory pathway and electron transport. According to
metabolomics results, CO, induced differential expressions of metabolites, disordered respiratory
chain and weakened energy metabolism of S. putrefaciens. Inhibition of respiratory rate-limiting
enzymes also revealed that electron transfer of respiratory chain was blocked, cell respiration was
weakened, and thus energy supply was insufficient under CO, stress. These results revealed that
CO, caused disruption of metabolic function, which might be the main cause of growth inhibition

for S. putrefaciens.

Key words: Carbon dioxide; Shewanella putrefaciens; Metabolic function; Energy metabolism;
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Antioxidant synergistic anti-inflammatory effect in the
MAPK/NF-kB pathway of Peptide KGEYNK (KK-6) from Giant
Salamander (Andrias davidianus)

Jungi Zhan?, Jingjing Fu"?, Yuewen Chen * 2
1 School of Food Science and Biotechnology, Zhejiang Gongshang University, Hangzhou, Zhejiang 310035,
China; 2 Zhejiang Provincial Collaborative Innovation Center of Food Safety and Nutrition, Zhejiang Gongshang

University, Hangzhou, Zhejiang 310035, China

Abstract: Giant salamander protein peptide is a peptide with rich functional properties. Giant
salamander protein peptide KGEYNK (KK-6) is a peptide with both antioxidant and
anti-inflammatory properties. The antioxidant and anti-inflammatory mechanisms of KK-6 are
still unclear. When we studied the functional mechanism of KK-6, we found that the antioxidant
property of KK-6 has a synergistic and promoting effect on anti-inflammatory properties. KK-6
enhances cellular resistance to LPS via the MAPK/NF-kB signaling pathway, leading to increased
levels of inflammatory factors: IL-1B (764.81 ng/ml), IL-6 (1.06 ng/ml), and TNF-o, (4440.45
ng/ml).KK-6 demonstrates potent antioxidant properties by activating the Nrf2 signaling pathway,
resulting in elevated levels of antioxidant enzymes (GSH-Px: 0.03 pg/ml, SOD: 0.589 pg/ml) and
a reduction in the concentration of the oxidative product MDA (967.05 pg/ml). Our findings
highlight the great potential of KK-6, a peptide extracted from giant salamander protein, as a
remedy for intestinal inflammation. Through its dual role as an antioxidant and anti-inflammatory
agent, KK-6 offers a promising avenue for alleviating inflammation-related damage and oxidative
stress. This study lays the foundation for further exploration of giant salamander products and

highlights their importance in health and novel food development.
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Application of colorimetric sensor/spectroscopy technology in
nondestructive monitoring the freshness of aquatic products
Qingmin Chen’, Yuying Han', Shang Wang®, Jian Wu*, Qibing Xi?, Quansheng Chen*

1. College of Ocean Food and Biological Engineering, Jimei University, Xiamen 361021, China 2. School of Food

and Biological Engineering, Jiangsu University, Zhenjiang 212013, China

Abstract:As global demand for aquatic products continues to rise, ensuring seafood freshness has
become a growing concern. Traditional freshness assessment methods, such as chemical analysis
and microbiological testing, while accurate, are often destructive, time-consuming, and require
specialized expertise. Therefore, developing rapid, non-destructive monitoring techniques is
particularly important for the seafood industry. In recent years, we have focused on the application
of colorimetric sensing technology, visible-near infrared spectroscopy (Vis-NIR), and
hyperspectral imaging (HSI) in the detection of seafood freshness. Using characteristic seafood
from Fujian Province, such as Fujian oysters, Litopenaeus vannamei, and large yellow croaker as
research subjects, we explored the potential of these technologies for non-destructive freshness
monitoring. The findings demonstrate that colorimetric sensors and spectroscopic techniques offer
significant advantages in freshness detection. However, it is undeniable that these technologies
still face several challenges in practical applications. Overall, with continuous advancements and
optimizations, these technologies are expected to play an increasingly important role in seafood

quality control, ensuring safer and higher-quality products for consumers.

Key words: Colorimetric sensor; Nondestructive; Freshness; Aquatic Products
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Application of odor imaging sensor coupled with hyperspectral
imaging technology in monitoring the large yellow croaker
(Larimichthys crocea.) freshness
Jian Wu', Yu Xia®, Chengcheng Kang*, Dong Li*, Jie Wei*, Yi Xu*, Tianhui Jiao®, Xiaomei
Chen', Qingmin Chen', Quansheng Chen*

1.College of Ocean Food and Biological Engineering, Jimei University, Xiamen 361021, China

Abstract: This study innovatively couples the hyperspectral imaging (HSI) technique with an odor
imaging sensor (OIS) to achieve non-destructive prediction of total volatile alkali nitrogen
(TVB-N) content in the large yellow croaker. The gas characteristics released by the fish are
captured through OIS, and the image and spectral information of the OIS and the fish sample are
simultaneously characterized using HSI. By comparing two regions of interest (ROI), including
the fish body and eyes, it was found that the model effect constructed from a single fish body ROI
dataset performed better. Subsequently, data fusion was applied to analyze the optimization effect
of paired fusion of spectral information from different data sources. It was found that the fusion of
the OIS and body ROI data can obtain an excellent partial least squares (PLS) model with a
prediction set determination coefficient ( Ri) of 0.9506, providing a novel view for seafood safety

assessment.

Keywords: Odor imaging sensor; Hyperspectral imaging; Large yellow croaker; Freshness; Total
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Astaxanthin alleviates myocardial ischemia/reperfusion injury by
regulating the miR-125b-5p/Racl axis

Min Xu*?, Xinxin Zhang™®, Bin Zhang®, Kun Qiao®, Zhiyu Liu*

1. Key Laboratory of Cultivation and High-Value Utilization of Marine Organisms in Fujian Province, Fisheries
Research Institute of Fujian, National Research and Development Center for Marine Fish Processing, Xiamen,
361021, Fujian, China; 2. College of Ocean Food and Biological Engineering, Jimei University, Xiamen, 361021,
Fujian, China; 3. College of Food Science and Technology, Huazhong Agricultural University, Wuhan, 430070,
Hubei, China; 4. Key Laboratory of Health Risk Factors for Seafood of Zhejiang Province, College of Food Science

and Pharmacy, Zhejiang Ocean University, Zhoushan, 316022, Zhejiang, China.

Abstract: Oxidative stress after myocardial ischemia - reperfusion (I/R) injury is one of the reasons
for the high mortality rates associated with myocardial infarction. Astaxanthin is a potent
antioxidant with protective effects on cardiovascular health; however, its protective mechanisms
of I/R injury and specific molecular targets remain relatively underexplored; The
anoxia-reoxygenation injury model was established after astaxanthin treated H9c2 cells for 24 h.
The apoptosis of cell, the microRNA and mRNA expression levels, the protein expression levels,
and luciferase activity were tested; In this study, We first quantified miR-125b-5p expression in an
astaxanthin pretreated anoxia-reoxygenated H9c2 cell model and transfection miR-125b-5p
inhibitor model. The dual luciferase reporter assay was used to validate the targeting relationship
between miR125b-5p and Racl. By measuring MAPK signaling pathway proteins, NADPH
oxidase and ROS levels, we found that miR125b-5p had a negative regulatory effect on Racl and
whose expression in increased by anoxia-deoxygenation. Astaxanthin inhibited Racl activation in
anoxia-reoxygenated cardiomyocytes and prevented oxidative stress damage by increasing the
expression of miR-125b-5p; This study provides new insights into the role of astaxanthin in
myocardial ischemia - reperfusion and suggests that miR-125b-5p/Racl play a crucial role in
mediating the favorable effects of astaxanthin pretreatment on cardiomyocyte anoxia and
reoxygenation. The results also provide a new possibility for the application and development of
astaxanthin as a popular dietary supplement with antioxidant regulatory functions. Therefore,
thistudy offers a new possibility for the application and development of astaxanthin as a popular

dietary supplement of anti-oxidative function.

Keywords: Astaxanthin; MicroRNAs; Myocardial ischemia/reperfusion; MiR-125b-5p
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Brackish water stabilizes textural quality by regulating muscle

protein properties of Eriocheir sinensis

12,34 3,45

Long Zhang™***, Ningping Tao"?, Xugan Wu**°, Xichang Wang"*
1.College of Food Science and Technology, Shanghai Ocean University, Shanghai 201306, China; 2.Shanghai
Engineering Research Center of Aquatic-Product Processing and Preservation, Shanghai 201306, China;
3.Shanghai Engineering Research Center of Aquaculture, Shanghai Ocean University, Shanghai 201306, China;
4.Shanghai Collaborative Innovation Centre for Aquatic Animal Genetics and Breeding, Shanghai Ocean
University, Shanghai 201306, China; 5.National Demonstration Centre for Experimental Fisheries Science

Education, Shanghai Ocean University, Shanghai 201306, China

Abatract: [Objective] This study aimed to investigate the effects of brackish water temporary
rearing on the textural quality of raw muscle and cooked meat of E. sinensis. [Methods]
Phosphoproteomics was used to analyze the differences in phosphorylated proteins in the raw
muscles of E. sinensis after 2 weeks of temporary rearing in brackish and fresh water. [Results]
The morphology of muscle bundles has a greater influence on tenderness than the morphology of
thick microfilaments. The differentially phosphorylated proteins were primarily glycolytic
enzymes, myofibrillar proteins, and cytoskeletal proteins, which account for the differences in raw
muscle tenderness. Differentially phosphorylated proteins, such as phosphoglucose convertase-1,
pyruvate kinase, glycogen phosphorylase, myosin heavy chain, and paramyosin, may serve as
potential markers for assessing the textural quality of raw muscle. [Conclusion] Brackish water
stabilized the textural quality of raw muscle during 2 weeks of temporary rearing and suppressed

the increase in tenderness of cooked meat caused by temporary fattening.

Keywords: Eriocheir sinensis; Muscle protein; Tenderness; Histochemistry; Phosphorylation

proteomics
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Changes in flavor quality of marinated Chinese mitten crab
(Eriocheir sinensis) with vacuum pack during cold storage
Miaoyiging Xu*?, Yuyao Shi*?, Yulong Zhao"?, Mingyu Yin"? Wenzheng Shi*?, Xichang Wang"*
1. College of Food Science and Technology, Shanghai Ocean University, Shanghai 201306, China ;2. Shanghai

Engineering Research Center of Aquatic-Product Processing and Preservation, Shanghai 201306, China

Abstract: [Objective] This study aimed to investigate the pattern of changes in flavor quality of
marinated Chinese mitten crabs (Eriocheir sinensis) during cold storage. [Methods] The marinated
Chinese mitten crabs were vacuum packed and stored at 4°C for 30 days to observe the changes in
freshness and flavor quality. [Results] Sensory evaluation and total volatile basic nitrogen (TVB-N)
were measured in viscera and abdomen muscle at 0, 7, 15, and 30 days of storage at 4 <C. Sensory
scores significantly declined at 15 d, coinciding with TVB-N levels exceeding 25 mg N/100 g.
Flavor profiling demonstrated distinct changes over the storage period. Arginine (Arg) in viscera
and abdomen muscle decreased by 18.16% and 43.26%, respectively, while adenosine
monophosphate (AMP) dropped to 48.46 and 22.22 mg/100 g after 15 days, contributing to loss of
umami. Based on the correlation analysis, it was known that the increase in bitterness was linked
to elevated levels of tyrosine (Tyr), phenylalanine (Phe), hypoxanthine (Hx), and hypoxanthine
riboside (HxR). Gas chromatography-ion mobility spectrometry (GC-IMS) analysis attributed
late-stage undesirable odors to the production of aldehydes and ketones, particularly heptanone,
3-hydroxy-2-butanone, heptanal, and glutaraldehyde. [Conclusion] During cold storage, marinated
Chinese mitten crabs could suffer from decreased sensory scores, increased bitterness and
development of fishy odor due to the changes in Arg content and accumulation of ATP

metabolites.

Keywords: Chinese mitten crab (Eriocheir sinensis); Sensory quality; Taste; Odor; Cold storage
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Combined analysis based on untargeted metabolomics and
metagenomics revealed the involvement of core microorganism in key
metabolic pathways and the effects on volatile compounds in tilapia
(Oreochromis niloticus) during cold storage
Hao Cheng *, Jinfeng Wang*, Jing Xie *

College of Food Science and Technology, Shanghai Ocean University, Shanghai, China

Abstract: Tilapia is prone to quality degradation during cold storage, with odor deterioration being
the most prominent issue. Microbial activity and metabolism are the primary external factors
influencing odor deterioration. In this study, GC-MS was used to characterize the changes in
volatile compounds in tilapia during cold storage, untargeted metabolomics was employed to
identify key metabolic pathways and differential metabolites, and metagenomics was used to
analyze core microorganism. And the role of core microorganism in key metabolic pathways and
their impact on odor deterioration were established. The results revealed that a total of 51 volatile
compounds were detected from the samples, comprising 7 hydrocarbons, 9 alcohols, 6 aldehydes,
7 ketones, 3 esters, 8 aromatics, 3 phenols, and 8 other compounds. Amino acid metabolism and
lipid metabolism were identified as the key metabolic pathways significantly influencing odor
deterioration. Microbial composition underwent substantial changes during cold storage, with
Pseudomonas being identified and analyzed as the core microorganism. Pseudomonas played a
crucial role in amino acid metabolism and lipid metabolism. By constructing a schematic diagram
of the influence of core microorganism on key metabolic pathways, the relationship associated
with odor deterioration was further elucidated. In conclusion, this study identified the key
metabolic pathways and core microorganism related to odor deterioration in tilapia during cold
storage and established their interconnections, providing a theoretical basis for control of odor

deterioration.

Keywords: Tilapia; Cold storage; Volatile compounds; Core microorganism; Metagenomics;

Untargeted metabolomics
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Cultivating edible bio-inks: Elevating 3D printing with
medium-internal-phase emulsion gel incorporating soybean protein

isolate microgel particles
Jingru Song, Jiarong Huang, Dayong Zhou, Liang Song
1. SKL of Marine Food Processing & Safety Control, National Engineering Research Center of Seafood,
Collaborative Innovation Center of Seafood Deep Processing, Liaoning Province Key Laboratory for Marine Food
Science and Technology, School of Food Science and Technology, Dalian Polytechnic University, Dalian 116034,

China

Abstract:Objective: The objective of this study was to develop a healthier and higher-performance
edible bio-ink for 3D printing by utilizing soybean protein isolate microgel particles (SPIMP)
prepared through dynamic high-pressure microfluidization (DHPM) as a pretreatment
method.Methods: The study employed DHPM to prepare SPIMP, which resulted in a significant
reduction in the average particle size from 609.6 nm to 254.8 nm. This process was accompanied
by an increase in the interfacial adsorbed protein content, reaching up to 91.49%. The contact
angles of the native soybean protein and the microgel particles were measured and compared. The
SPIMP were then used to formulate a medium-internal-phase emulsion gel with a 50% oil fraction.
The network structure of the emulsion gel was analyzed using microscopic techniques and
chemical interaction force examinations, focusing on inter-droplet hydrophobic interactions and
disulfide bond formations.Results: The emulsion gel exhibited outstanding shear-thinning
properties and high viscoelasticity, as confirmed by rheological tests. These characteristics make it
a promising candidate for an edible bio-ink in 3D printing applications. Experimental printing
demonstrated the gel's extrudability, printing performance, and self-supporting properties.
Furthermore, the medium-internal-phase emulsion gel-based reduced-fat surimi products showed
improved suitability for 3D printing within real food systems compared to traditional surimi
products. Conclusion: This study successfully introduced innovative approaches for producing
medium-internal-phase emulsion gels with superior 3D printing properties. The use of DHPM to
prepare SPIMP led to a significant enhancement in the gel's strength and water retention capacity,
which are crucial for 3D printing applications. The findings significantly expand the potential for
the development of edible bio-inks, offering a healthier and higher-performance alternative for the

food industry's transition towards 3D printed food products.

Key words: Soybean protein isolate microgel particles; Medium-internal-phase emulsion gel; 3D

printing applications; Edible bio-inks; Reduced-fat surimi products
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Development and application of a paper-based enzyme biosensor for
hypoxanthine as a freshness indicator
Yilin Wang®, Xiudan Wang*

1. College of Food Science and Engineering, Ocean University of China, Qingdao 266404, China

Abstract: Hypoxanthine (Hx), a product of ATP metabolism, is considered an important indicator
for assessing the quality and freshness of meat. This study developed a paper-based enzymatic
biosensor that modifies a nitrocellulose membrane with marine polysaccharides, simultaneously
immobilizing xanthine oxidase and the colorimetric agent nitro blue tetrazolium. This approach
addresses the limitations of traditional paper-based enzyme sensors in terms of preparation
complexity, enzyme stability, and color uniformity. The sensor demonstrates a detection limit of
2.30 v M and a linear range of 0.05 - 0.35 mM, with a detection time of only five minutes. The
research found a strong correlation between Hx levels and the K value during the storage of
marine fish, with a linear relationship established when the K value was below 40% (Adj-R*
values of 0.998, 0.986, and 0.986). Furthermore, the paper-based sensor was used to establish a
linear relationship between color and the K value. This study not only establishes a stable and
sensitive method for the on-site, non-destructive detection of Hx but also develops a specific
application model for Hx in evaluating the freshness of marine fish, providing a convenient

platform for on-site freshness assessment.

Key words: Hypoxanthine; Paper-based sensor; Enzyme; K value; Freshness
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Dietary supplementation with Antarctic krill meal regulates
physiological metabolism to improve flavor quality of ovaries in adult

female Eriocheir sinensis
Sigi Zhou*?, Renyue Zhang*?, Zehui Qiu™?, Yuyao Shi'? Xugan Wu**®, Xichang Wang"?, Long
Zhan'?

1. College of Food Science and Technology, Shanghai Ocean University, Shanghai 201306, China ;2. Shanghai
Engineering Research Center of Aquatic-Product Processing and Preservation, Shanghai 201306,
China;3.Shanghai Collaborative Innovation Center for Cultivating Elite Breeds and Green-culture of Aquaculture
animals, Shanghai Ocean University, Shanghai 201306, China;4.National Demonstration Centre for Experimental
Fisheries Science Education, Shanghai Ocean University, Shanghai 201306, China;5. Centre for Research on Fish
Nutrition and Environmental Ecology of the Ministry of Agriculture, Shanghai Ocean University, Shanghai

201306, China

Abstract: This study aimed to analyze the differences and relationships between the physiological
metabolites and flavor quality of E. sinensis ovaries with varying concentrations of dietary
Antarctic krill meal (AKM) (0% (negative control and positive control), 2%, 4%, 6%, 8%). Gas
chromatography-ion mobility spectrometry (GC-IMS) was utilized to conduct a comparative
analysis of volatile components in E. sinensis ovaries, allowing for the selection of the optimal
aroma quality addition group. Additionally, a nontargeted and widely targeted metabolomics
technique based on ultra performance liquid chromatography tandem mass spectrometry
(UPLC-MS/MS) was employed to investigate the metabolic differences between optimal addition
group and negative control group for both raw and cooked ovaries, followed by an analysis of
differential metabolic and thermal reaction pathways. The addition of 8% AMK was optimum.
The E. sinensis ovaries in the 8% AKM group produced the highest levels of aroma compounds
after thermal processing. AKM altered the composition of aroma precursors by adjusting the
metabolism of glycerophospholipid, linoleic acid, o-linolenic acid, and amino acid in the E.
sinensis ovaries. Moreover, lipid molecules composed of polyunsaturated fatty acids (PUFAS)
were significantly upregulated (P < 0.05), thus affecting the flavor of ovary.The findings discussed
herein indicate that replacing animal feed with AKM enhanced the flavor quality of E. sinensis
and reduced the use of traditional animal diet, which constitutes a profitable and innovative
solution for E. sinensis fattening, thereby contributing to a more sustainable development of the

crab industry.

Key words: Eriocheir sinensis; Antarctic krill meal; Ovary; Metabolomics; Flavor
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Dietary supplementation with black soldier fly slurry regulates
physiological metabolism to improve ovarian odor quality of adult
Eriocheir sinensis during the postharvest temporary fattening
Fengyi Qiao™?, Renyue Zhang'?, Yuyao Shi'?, Zehui Qiu*? Xugan Wu?, Xichang Wang*?, Long
Zhang™?
1.College of Food Science and Technology, Shanghai Ocean University, Shanghai 201306, China ;2.Shanghai
Engineering Research Center of Aquatic-Product Processing and Preservation, Shanghai 201306, China;3.
Shanghai Collaborative Innovation Center for Cultivating Elite Breeds and Green-culture of Aquaculture animals,

Shanghai Ocean University, Shanghai 201306, China

Abstract: Traditional aquafeeds present significant challenges to the aquaculture industry due to
inconsistent production, price, and supply, with sources becoming less sustainable. Black soldier
fly (BSF) has a high nutritional value and is a promising alternative feed source for aquatic
animals. [Objective] This study aimed to improve the fattening of Eriochier sinensis by the
addition of BSFS to the diet at different concentrations (0%, 6%, 12%, 18%, and 24%) with the
goal of regulating ovarian metabolism and enhancing its odor quality. [Methods] Non-targeted and
widely targeted metabolomics were further used to explore the differences in physiological
pathways between the optimal BSFS-added group and the control group of E. sinensis ovaries
[Results] The results showed that an optimal addition of BSFS (12%) significantly improved
ovarian odor by upregulating seven aroma compounds with ROAV = 1. However, excessive
BSFS dietary supplementation (24%) led to an increase in off-flavor compounds in E. sinensis
ovaries. [Conclusion] 12% BSFS addition was found to regulate ovarian metabolic pathways,
including lipid metabolism, amino acid metabolism, and thiamine metabolism, thereby promoting

ovarian fattening and enhancing odor quality.

Keywords: Eriocheir sinensis; Black soldier fly slurry; Ovaries; Fattening diet; Odor
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Effect of Acetes chinensis powder on gel properties of Alaska pollock
surimi: gel texture, water distribution, and microstructure
Qiangian Li*, Wenge Yang*, Gaoshang Li*

1. College of Food Science and Engineering, Ningbo University, Ningbo 315211, China

Abstract: To enhance the gel properties of Alaskan pollock surimi, the Acetes chinensis powder
(ACP) with different contents (0.5-3%) were added to the surimi and its mechanisms were
investigated. Adding 1.5% ACP increased gel strength to 4198.47 g €m, improved texture by
0.5-27.7%, and reduced free water and drip loss by 49.7% and 36.7%, respectively. Viscoelastic
properties were significantly enhanced. Infrared analysis showed a 33.5% increase in B-sheet and
a 34.7% decrease in random coil, reflecting a more organized protein structure. This is linked to a
55.9-196.6% rise in endogenous glutaminase activity, promoting 14.7% more cross-linking in the
MHC heavy chain. ACP promotes protein unfolding, exposing more sulfhydryl groups that
convert into disulfide bonds (increased by 4.8%). This results in a more compact protein structure,
denser microstructure, and homogeneous gel network. In conclusion, 1.5% ACP effectively

improves surimi gel properties, offering valuable insights for optimizing thermal gelation.

Key words: Surimi gel; Acetes chinensis powder; Gel property; Water state; Microstructure
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Effect of alkali pH shifted on the emulsion properties of myofibrillar
protein from grass carp (Ctenopharyngodon idellus)
Yi Xie, Yandan Tan, Guoping Wu, Chan Zhong

1.College of Food Science and Engineering, Jiangxi Agricultural University, Nanchang, 330045, Jiangxi, China

Abstract: The specific molecular behavior of myofibrillar proteins in low ionic strength media
restricts their use in emulsion systems. The aim of this study was to explore the pH-shifting (pH
7.0—11.0—7.0) strategy for constructing stable myofibrillar protein emulsion systems. We
prepared a series of myofibrillar protein emulsions and analyzed the impacts of different oil types,
oil volume fractions, and protein concentrations on their emulsification properties and molecular
behaviors. The experimental results indicated that among the six tested oils (peanut, corn, soybean,
camellia, safflower, and perilla seed oils), the myofibrillar protein emulsions with camellia,
safflower, and perilla seed oils displayed higher emulsification activity index and emulsification
stability index, demonstrating a more remarkable stabilizing effect on oils with low saturated fatty
acid content. The results of the absolute values of particle size and zeta potential further revealed
that the emulsions with these three oils had smaller oil droplet particles (64.4-82.3 um) and higher
electrostatic repulsive force (41.4-48.4 mV), endowing them with good emulsification properties.
Particularly, the optimal emulsification effect was obtained at an oil volume fraction of 0.72 and a
protein concentration of 5 mg/mL. Observations using laser confocal scanning microscopy and
cryo-scanning electron microscopy showed that myofibrillar proteins formed a stable and dense
network structure under alkaline pH-shifting. Oil droplets were uniformly distributed within this
structure, further enhancing the stability of the emulsion. These studies suggest that the
myofibrillar protein emulsion gels constructed using the alkaline pH-shifting strategy possess
excellent emulsification properties, offering new possibilities for the application of fish proteins in

emulsion systems under low-salt conditions.

Key words: Grass carp; Myofibrillar protein; PH-shifting; Emulsion properties; Microstructure
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Effect of different cooking methods on the taste of procambarus
clarkii
Chen Gehui*? Qiao Yu?,Wang Chao®
1.School of Life and Health Sciences,HuBei University of Techonlogy,Wuhan 430068, China;2.Institute of
Agricultural Products Processing and Nuclear Agricultural Technology, Hubei Academy of Agricultural Sciences,

Wuhan 430064, China

Abstract:[Objective] To investigate the impact of different cooking methods on the flavor of
Procambarus clarkii, four treatments—hot steaming (HS), hot boiling (HB), cold steaming (CS),
and cold boiling (CB)—were compared. [Methods] The study assessed the content of free amino
acids, nucleotides, organic acids, and inorganic salt ions, as well as the taste-active compounds
using an electronic tongue, principal component analysis (PCA), and sensory evaluation. [Results]
Results indicated that cooking methods significantly altered the levels of total free amino acids
(TFAAS), umami-flavored amino acids (UFAAS, SFAAs, BFAAS), nucleotides, organic acids, and
inorganic salt ions in P. clarkii. Boiling treatments were beneficial for retaining taste-active
compounds, with HS showing the highest TFAAs content and CB showing a significant decrease.
The content of nucleotides followed a similar trend. Retention of succinic acid, Na+, and PO43-
was better with hot water treatments compared to cold. Additionally, different cooking methods
significantly affected the taste activity value (TAV) and equivalent umami concentration (EUC) of
P. clarkii, with HS exhibiting the highest EUC. [Conclusion] PCA results suggested that boiling
treatments were advantageous for enhancing the umami expression of P. clarkii. Sensory

evaluation indicated that the HS group had the highest acceptability.

Keywords:Cooking method; Procambarus clarkii; Flavor; Taste active component; Free amino

acids
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Effect of different thawing methods on the quality of pre-cooked
crabs (Portunus trituberculatus.)
Xuemei Yu', Rong Shi*, Wenge Yang®

1. School of Food Science and Engineering, Ningbo University, Ningbo 315800, Zhejiang, China

Abstract: Precooked is a processing method to improve the economic efficiency of aquatic products,
and freezing after precooking can effectively maintain product quality. However, the quality of its
frozen products after thawing cannot be controlled, so this paper investigated the effects of
different thawing methods on the quality of precooked salmon. The most suitable thawing method
was selected by comparing the physicochemical properties and flavor characteristics. The results
showed that the magnetic field-assisted thawing (MFT) group had lower thawing loss (2.93 +
0.13%) and TBARS values (0.32 £0.0 mg/100g) compared with the three methods, namely air
thawing (AT), microwave thawing (MT) and still-water thawing (ST). The total sulfhydryl content
increased by 29.17% compared with the control group, which indicated a lower level of protein
oxidation. The microstructural results showed that the surface of crab meat was smoother and
neater in the MFT group compared with the control group, and the freshness and sweetness of the
crab meat were also improved by 70% and 54.28%, respectively. In addition, the MFT group
improved the flavor of crab meat and enriched aldehydes, ketones and alcohols.Therefore, MFT is

a more suitable way to thawing precooked crab meat.

Key words: Portunus trituberculatus; Pre-cooked; Frozen storage quality; Thawing method; Flavor

compound
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Effect of frozen storage on the in vitro digestibility of proteins in

tilapia fillets

Zehui Qiu**®,  Yuyao Shi**®,  Xichang Wang"?*?
1.College of Food Science and Technology, Shanghai Ocean University, 201306, Shanghai, China; 2. Shanghai
Engineering Research Center of Aquatic-Product Processing & Preservation, 201306, Shanghai, China; 3.
Laboratory of Quality and Safety Risk Assessment for Aquatic Products on Storage and Preservation, Ministry of
Agriculture, 201306, Shanghai, China

Abstract: In this paper, the effect of frozen storage on the protein digestion characteristics and
physicochemical properties of tilapia fillets during in vitro digestion was investigated. the
INFOGEST model was used to measure protein digestibility and results of microstructure, particle
size, protein secondary structure and release rate of free amino acid before and after digestion to
observe the digestibility of tilapia fillets using fresh tilapia fillets as control, and the endogenous
factors were analyzed by observing the changes in physicochemical properties of myofibrillar
proteins. The results of digestive characteristics indicated that the in vitro protein digestibility of
tilapia fillets showed a tendency of increasing and then decreasing with the increase of frozen
storage time, and the highest in vitro digestibility of protein reached 89.65% at one month of
frozen storage (FS-1), which was significantly higher than Fresh by 3.57% (p<0.05). At the
endpoint of simulated intestinal digestion, the FS-1 had the smallest range of particle distribution,
indicating more complete digestion, but as the prolong of frozen storage time, the particle size
gradually increases. Meanwhile, the trend of peak shape changes in the infrared spectra of each
group was the same. Further observation of the protein secondary structure revealed that the
prolongation of frozen storage time increased the content of random coil and continued to affect
the subsequent simulated digestion process. The results of protein physicochemical properties
indicated that with the increase of frozen storage time, protein solubility and Ca®*-ATPase activity
showed an overall decreasing trend, while turbidity, content of sulfhydryl and surface
hydrophobicity showed an overall increasing trend on the contrary. The results of correlation
analysis showed that the protein physicochemical property indexes (solubility, turbidity, sulfhydryl
content, surface hydrophobicity) had strong correlation with the protein digestive characteristics
(protein digestibility, particle size, and free amino acid content). These results indicated that
frozen storage time has caused some changes in the protein structure of tilapia fillets. In summary,
a short period of frozen storage caused a slight unfolding of the protein structure in tilapia fillets,
which was favorable for its binding with proteases, then enhancing the in vitro digestibility of
proteins to a certain extent. However, with the extension of the frozen storage time, the proteins

aggregated, resulting in the reduction of the protein digestion characteristics.

Keywords: Tilapia fillet; Frozen storage time; In vitro digestibility; Myofibrillar proteins; Protein
denaturation
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Effect of magnetic field-assisted thawing on the quality and
microstructure of Portunus trituberculatus meat
Rong Shi, Zhonggi Sun', Xuemei Yu', Huamao Wei', Gaoshang Li'*, Wenge Yang**

1.College of Food Science and Engineering, Ningbo University, Ningbo 315211, China

Abstract: The objective of this study was to examine the impact of magnetic field-assisted thawing
(MFT) on the quality and microstructure of Portunus trituberculatus meat, in comparison to other
thawing methods (Air thawing, AT; Hydrostatic thawing, HT; Microwave thawing, MT). A
comprehensive comparative analysis was conducted by different physicochemical and flavor
properties of crabs meat. Results showed that, compared with AT, HT and MT groups, the thawing
loss and TBARS level in MFT group were decreased by 18.9-20% and 40% respectively. This
exceptional performance is attributed to MFT's ability to maintain muscle fiber integrity and
reduce protein denaturation, which effectively minimizes water loss and inhibits lipid oxidation
during thawing. Moreover, MFT enhanced the richness of volatile compounds, such as nonanal
and 2-undecanone, which were 31.4% and 69% higher than those of AT group resulting in a
fresher, more unchanged aroma. MFT group also retained more umami amino acid (Glu +40.8%)
and sweet amino acids (Gly, Ala + about 19.8%), and nucleotides (AMP +0.8%, IMP +9.4%),
while less bitter amino acids Lys (-68.2%) and Met (-51.9%) compared to AT group. In conclusion,
MFT had good ability of keeping quality of crabs meat, providing noval thawing method for P.

trituberculatus.

Key words:Magnetic field-assisted thawing (MFT);Portunus trituberculatus; quality; Microstructure;

Aroma profile preservatio
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Effects of octenyl succinic anhydride (OSA) starches with different
amylose content on freeze-thaw stability of myofibrillar protein
emulsion gel: double enhancement of interfacial film and network
structure
Yuxin Ding*, Yanshun Xu

1. School of Food Science and Technology, Jiangnan University, 1800 Lihu Ave, Wuxi, Jiangsu 214122, China

Abstract: The improved freeze-thaw (FT) stability in protein-based emulsion gels relies on
strengthened interfacial films and network structures. This study investigated the effects of native
starches with different amylose content (waxy corn starch, WCS; normal corn starch, NCS; and
high-amylose corn starch, HACS) and their octenyl succinic anhydride (OSA)-modified
counterparts on the interfacial and network structure of myofibrillar protein (MP) emulsion gels
subjected to multiple FT cycles. Key assessments included emulsifying properties, texture,
microstructure, and molecular microenvironment. Results indicated that the integrity of interfacial
protein film (IPF) and network structure before freezing, regulated by amylose content,
determined the FT stability of MP emulsion gels. The WCS group with low amylose content
exhibited excellent emulsifying properties and FT stability, as evidenced by improved rheology,
texture, microstructure, and reduced cooking loss. This improvement was attributed to increased
protein unfolding and crosslinking at interfaces and networks. In comparison, HACS weakened
the integrity of IPF and network by promoting disordered molecular agglomeration, resulting in
poorer texture and juice retention after FT cycles. OSA modification further enhanced freeze
resistance, with OSA-WCS performing the best and OSA-HACS the worst, though both
outperformed native starches. Overall, low-amylose starch offered advantages in enhancing FT
stability of MP emulsion gels through stronger interfacial co-adsorption and network entanglement.
OSA modification further enhanced this advantage by optimizing the hydrophilic-lipophilic
balance and lipid stability. This research expanded the application of native/modified starches with

different amylose content in freezing protection of emulsified surimi products.

Key words: MP emulsion gel; OSA-starch; Freeze-thaw stability; Interface properties; Gel properties
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Effects of several antifreeze agents on the freeze-thaw quality of
Amphioctopus neglectus
Zhang Huixin™?, Chen Xiaoting", Qiao Kun', Su Yongchang®, Pan Nan®, Liu Zhiyu®, Liu Shuji*
1.Fisheries Research Institute of Fujian, Xiamen, 361013, Fujian, China; 2. College of Food Science, Fujian

Agriculture and Forestry University , Fuzhou, 350002, Fujian, China

Abstract: [Objective]: To improve the stability of frozen octopus quality, and explore the protective
effects of complex phosphate, trehalose and sodium isoascorbate on the quality of frozen octopus.
[Methods]: The octopus were treated with antifreeze agents such as complex phosphate (CP),
trehalose (TH) and sodium isoascorbate (SE), and the untreated group was taken as the control
group (CK). After several freeze-thaw cycles, the texture, volatile base nitrogen content (TVB-N),
total sulfhydryl group content, carbonyl group content, Ca®*-ATPase activity and myofibrillar
protein of octopus were measured and evaluated. [Results]: After three kinds of antifreeze agents
and freeze-thaw cycle treatment, TVB-N increased with the increase of freeze-thaw times, but the
TVB-N in treatment group was lower than that in CK group. The hardness and masticability of TH
group were the highest after freezing and thawing, reaching 311.59g and 37.16mj, respectively.
The hardness and chewability of the CK group were the lowest, but the hardness and chewability
of the SE group were 37.32% and 96.54% higher than that of the control group, respectively. The
total sulfhydryl content and Ca**-ATPase activity of SE group were higher than those of CP group,
but were significantly higher than those of CK group (P<0.05). The content of carbonyl group was
significantly lower than that in CK group and similar to that in CP group. In addition, the bands of
myofibrillar protein gel electrophoresis in CK group became shallow, the bands in SE group were
maintained well, and the bands in CP and TH groups were slightly degraded and thinned. The
results showed that sodium isoascorbate could reduce the denature of protein by inhibiting the
decrease of sulfhydryl group content and delaying the increase of carbonyl group content and
Ca®*-ATPase activity, and improve the freeze resistance of protein structure. [Conclusion]
Antifreeze agents have antifreeze effects to a certain extent, among which sodium isoascorbate
effectively reduces adverse changes in the freeze-thaw process compared with the other two

antifreeze agents, and can maintain the quality of octopus after freeze-thaw to the greatest extent.

Key words: Octopus; Antifreeze agent; Freeze-thaw cycle; Quality change
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Effects of thermal processing on flavor and metabolomics of
non-volatile composition of male and female mussel meat
Nana Zhao', Mingyong Zeng'

1.College of Food Science and Engineering, Ocean University of China, Qingdao 266003, China

Abstract: Some significant differences in the flvor profile of male and female mussel meat during
the breeding period were verified based on sensory evaluation, and the flavor of mussel meat
could be improved by steaming processing. In this study, a setting of volatile compounds was
identified in the dynamic changes of male (56/47 odors) and female (51/52 odors) steamed mussel
meat (0, 2, 4, 6, 8, 10 min at 100°C) by gas chromatography-ion mobility spectrometry (GC-1MS)
and gas chromatography-mass spectrometry (GC-MS), respectively. Ethyl propionate, pentanal,
2-methyl-1-propanol, ethyl lactate, and 2-methylbutanal in female mussel meat, as well as nonanal
and isovaleric acid in male mussel meat, contributed significantly to the flavor senses. Octanal
was a key differential compound in the meat of male and female mussels at different steaming
times. Glycerol phospholipid metabolism and sphingolipid metabolism were the main metabolic
enrichment pathways in male and female mussel meat, respectively. This study offered the
theoretical support for controlling and exploring the flavor formation patterns and mechanisms

throughout the steaming process in male and female mussel meat.

Keywords: Mussel; Famale and Male; Thermal processing; Metabolomics; Flavor formation
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Efficient hydrolysis of fish parvalbumin by marine bacterial protease
VSP2V-280: allergen removal
Junlan Zhou , Shujun Wang
Jiangsu Key Laboratory of Marine Bioresources and Environment, Jiangsu Ocean University, Lianyungang

222005, China

Abstract:Parvalbumin is a major allergen in fish. However, there is currently no effective and safe
way to remove this allergen from fish. In this study, protease gene VSP2V-280 of marine bacteria
Virgibacillus sp. SP2 was cloned and expressed. The protease enzyme showed maximum activity
at 50C and pH 10.0. Ca?** and Cu®* promoted the enzyme. The enzyme showed a good
parvalbumin degradation efficiency in fish. Based on the gel analysis, when 0.3 mg/mL of
parvalbumin was incubated with protease VSP2V-280 (30 U/mL) containin g 1 mM Ca?* for 3 h,
the parvalbumin removal rate reached 97%. The enzyme was further used for parvalbumin
removal from Ctenopharyngodon idella, Pelteobagrus fulvidraco, Parabramis pekinensis and
Carassius auratus. The parvalbumin removal rate reached 93% in 4 h at an enzyme dosage of 72
U/mL. The study showed the potential of VSP2V-280 to remove parvalbumin from aquatic

products.

Key words:Protease; Parvalbumin; Cloning and expression; Enzymatic properties; Allergen removal
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Excavation of the bioactive compounds in sturgeon cartilage and

against osteoarthritis involve gut microbiota

Jing Yinghuan', Wang Kangyu, Chen Zefan, Zhao Yuanhui'
1. College of Food Science and Engineering, Ocean University of China, Qingdao 266003, Shandong, China;
2. Qingdao National Pilot Laboratory for Marine Science and Technology/Laboratory for Marine Drugs and

Bioproducts, Qingdao 266237, Shandong, China

Abstract: In this study, collagen peptide and chondroitin sulfate were prepared from sturgeon
cartilage, and their physical and chemical properties were characterized by low molecular weight
chondroitin sulfate. The obtained collagen peptide (SCCP) has a good triple helix structure and
typical absorption characteristics of type Il collagen peptide, and its molecular weight is mainly
less than 1 kDa. In addition, H,O, assisted oxidative degradation of V¢ was used to prepare
low-molecular-weight sulfate cartilage, and the cell experiment used IL-1p to mediate the
inflammatory model of SW1353 cells, and CaCO-2 cells were co-cultured with SW1353 cells to
explore the effects of SCCP, SCCS and SCLC transport on the proliferation and anti-inflammation
of SW1353 cells. The results show that collagen peptide, chondroitin sulfate (CS) and low
molecular weight chondroitin sulfate (SCLC) can reduce the contents of TNF-a, COX-2 and IL-6,
and the anti-inflammatory effect of SCLC group is more significant, which effectively inhibits cell
apoptosis. Cell proliferation experiments show that collagen peptide has the highest cell
proliferation activity, so the therapeutic effect in vivo is evaluated. The effects of collagen peptide
and chondroitin sulfate on mice with osteoarthritis were studied by injecting sodium iodoacetate
into C57 knee joint. Our animal experiments showed that oral administration of collagen peptide
(SCCS), chondroitin sulfate (CS) and low molecular weight chondroitin sulfate (SCLC) could
alleviate the exercise ability of mice with osteoarthritis and reduce the levels of inflammatory
cytokines in serum or synovial fluid, including PGE2, MMP-13, MMP-3 and MMP-3. SCLCS has
the best therapeutic effect on OA. The morphological structure of articular cartilage shows that
SCCP and SCLCS can significantly improve the cartilage tissue morphology and reduce the OA
score. Oral SCLCS can slow down the development of OA by regulating intestinal microflora.
These results provide a useful scientific basis for the high-value utilization of sturgeon cartilage.
The purpose of this study is to explore the treatment of osteoarthritis (OA) by bioactive

compounds of sturgeon cartilage food supplement.

Key words: Collagen peptide; Chondroitin sulfate; Low molecular weight chondroitin sulfate;

Osteoarthritis; Gut Microbiota

27



2024 K= SN TANGE S R 2 AR AR 2>

Fishy odorants in pre-processed fish fillet and surimi products:
Formation mechanism and control methods
Yueqi An*, Hanwei Zhang", Shanbai Xiong®
1. College of Health Science and Engineering, Hubei University, Wuhan, Hubei 430062, China;2 Key Laboratory
of Environment Correlative Dietology, Ministry of Education, College of Food Science and Technology, Huazhong

Agricultural University, Wuhan, Hubei 430070, China

Abstract: Background: In recent years, freshwater fish as a raw material for pre-processed fish
products have caught great attention. However, freshwater fish are generally considered to have a
heavier fishy and earthy smell than marine fish, thus restricting their further development and
consumer acceptance. This suggests that the fishy odor should be effectively controlled to enhance
the application of freshwater fish in pre-processed fish products as well as improve consumer
acceptability. Scope and approach: The present review focuses on the main fishy odorants, their
formation mechanism, and control methods for pre-processed freshwater fish products (fish fillet
and surimi products). Additionally, the potential challenges in fully understanding the formation of
fishy odorants and effective fishy odor control in preprocessed freshwater fish products are also
discussed. Key findings and conclusions: The compounds associated with off-flavors are mainly
generated by microbial action, protein degradation, and lipid oxidation. Fishy smell reduction for
pre-processed fish fillets and surimi products can be largely achieved by decreasing flavor
precursors in raw materials (purifying or rinsing treatment) and adopting appropriate processing
methods (adding exogenous substances, thermal and non-thermal, and using food package).
Additionally, more attention should be paid to the influence of the concentration and threshold of
odor substances on the odor properties of freshwater fish and their products, and the effects of in
vivo aroma releases in aquatic-based food systems. This review will facilitate the understanding of
controlling fishy odor in freshwater fish products and promote the development of the related

industry.

Key words: Pre-processed fish products; Surimi-based products; Fishy odors; Formation; Flavor

retention and release; Regulation
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Genome sequencing-based mining and characterization of a novel
alginate lyase from vibrio alginolyticus S10 for specific production of
disaccharides
Zhigiang Shu *?, Gongming Wang #*, Fang Liu %®, Yingjiang Xu %3, Jianan Sun *®, Yang Hu **,
Hao Dong **, Jian Zhang %*

1. Department of Food Science and Technology, Shanghai Ocean University, Shanghai 200120, China;2. Shandong
Marine Resource and Environment Research Institute, Yantai 264006, China;3. Yantai Key Laboratory of Quality
and Safety Control and Deep Processing of Marine Food, Yantai 264006, China;4. Qingdao Key Laboratory of
Food Biotechnology, College of Food Science and Engineering,Ocean University of China, Qingdao 266404,
China; 5. Key Laboratory of Biological Processing of Aquatic Products, China National Light Industry,Qingdao

266404, China

Abstract: Alginate oligosaccharides prepared by alginate lyases attracted great attention because of
their desirable biological activities. However, the hydrolysis products are always a mixture of
oligosaccharides with different degrees of polymerization, which increases the production cost
because of the following purification procedures. In this study, an alginate lyase, Alg4755, with
high product specificity was identified, heterologously expressed, and characterized from Vibrio
alginolyticus S10, which was isolated from the intestine of sea cucumber. Alg4755 belonged to the
PL7 family with two catalytic domains, which was composed of 583 amino acids. Enzymatic
characterization results show that the optimal reaction temperature and pH of Alg4755 were 35 °C
and 8.0, respectively. Furthermore, Alg4755 was identified to have high thermal and pH stability.
Moreover, the final hydrolysis products of sodium alginate catalyzed by Alg4755 were mainly
alginate disaccharides with a small amount of alginate trisaccharides. The results demonstrate that
alginate lyase Alg4755 could have a broad application prospect because of its high product

specificity and desirable catalytic properties.

Keywords: Alginate lyase; Alginate oligosaccharide; Heterologous expression; Product specificity;

Complete genome sequencing
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Green preparation and isolation of carrageenan oligosaccharides and
assessment of their ability to inhibit melanogenesis
Wengji Shang®, Guozheng Wei *, Dongling Qiao !, Guohua Zhao *, Damao Wang * 2
College of Food Science, Southwest University, Chongging 400715, China; 2. Yibin academy of Southwest

University, Yibin 644000, China

Abstract: An efficient method was developed for generating carrageenan oligosaccharides, a
high-value material with health benefits for humans. This study innovatively employed
microwave-assisted mild acid hydrolysis of k-carrageenan and evaluated the tyrosinase inhibitory
activity of carrageenan oligosaccharides with DP. The results demonstrated that this method
effectively degrades carrageenan and produces oligosaccharides, with substrate concentrations up
to 10%. We exclusively generated even-numbered oligosaccharides with D-G4S as the
non-reducing end. Under optimal conditions, the total yield of KCO,, KCO,4, and KCOg was
54.40% =+0.04. The purity of KCO, and KCO,4 exceeded 95%. The investigation of the tyrosinase
inhibitory activity of KCOs revealed that KCO, exhibited the highest inhibition rate at 69.98% =+
0.02, with an ICs, value of 1.09 +0.04 mg/mL, indicating its potential as a tyrosinase inhibitor.
KCO, mostly interacts with crucial His residues in the tyrosinase active site via its sulfate groups,
according to molecular docking, and MD simulations imply that the complex is structurally stable.
These results indicate that acid hydrolysis with microwave assistance is a sustainable and efficient

way to produce KCOs, and KCO; has a potential to be a naturally existing inhibitor of tyrosinase.

Key words: k-carrageenan; Microwave-assisted hydrolysis; Carrageenan disaccharide; Tyrosinase

inhibition; Molecular docking
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Hypoglycemic effect of H,O, synergistic ultrasound degradation of
Euryale ferox Salisb. seed polysaccharides in type 2 diabetic mice
and its potential application value
Xiaoshan Zheng™%?, Jun Qin *#®, Wenzheng Shi'*?, Ying Lu**?

1. College of Food Science and Technology, Shanghai Ocean University, Shanghai, 201306, China; 2. Shanghai
Engineering Research Center of Aquatic-Product Processing and Preservation, Shanghai 201306, China; 3.
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Ministry of ~ Agriculture and Rural Affairs, Shanghai, 201306, China

Abstract: [Objective] This study aimed to investigate the effect of H,O, synergistic ultrasound
degradation treatment on the hypoglycemic activity of Euryale ferox Salish. seed polysaccharides
(ESP). [Methods] Degraded polysaccharides (D-ESP) were obtained by degrading ESP using
H,0, synergistic ultrasound, followed by characterization of the structure and evaluation of the
hypoglycemic activity in vitro and in vivo. [Results] The results showed that H,O, synergistic
ultrasound degradation resulted in an increase in the total sugar contents, a decrease in molecular
weight, and a looser structure of ESP, while its primary structure was not changed. D-ESP was
exhibited higher a-glucosidase inhibitory activity and excellent gastrointestinal digestive stability,
and significantly promoted the glucose metabolism level of IR-HepG; cells. Furthermore, D-ESP
could improve glucolipid metabolism disorders by reducing the levels of blood lipids and
inflammation, thereby decreasing IR, increasing IS and repairing liver damage. This significantly
improved blood glucose levels in type 2 diabetic mice. [Conclusion] In summary, the changes in
the structural features of polysaccharides induced by H,O, synergistic ultrasound degradation
could significantly enhance the hypoglycemic activity of the degradation products. This has great
application value in accelerating the development of functional foods and nutraceuticals of

Euryale ferox Salisbh. polysaccharides for the prevention of diabetes mellitus.

Key words: Euryale ferox Salisb; H,O, synergistic ultrasound; Degradation polysaccharides;

Structural characterization; Hypoglycemic activity
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Identification of key physicochemical properties and volatile flavor
compounds for the sensory formation of roasted tilapia
Tianyu Chen™?, Chunsheng Li*, Shengjun Chen**
1.Key Laboratory of Aquatic Product Processing, Ministry of Agriculture and Rural Affairs, National R&D Center
for Aquatic Product Processing, South China Sea Fisheries Research Institute, Chinese Academy of Fishery
Sciences, Guangzhou 510300, Guangdong, China; 2. College of Food Science and Engineering, Ocean University

of China, Qingdao 266003, Shandong, China

Abstract: Tilapia is suitable for industrial roasting production because of its good flavor and
processing adaptability. In this study, the key physicochemical properties and volatile compounds
for sensory formation of roasted tilapia were identified after roasting condition optimization. The
highest sensory score was obtained at 215<C, 45 min, and 4% oil. During the roasting, the a, b,
hardness, chewiness, and oxidation of proteins and lipids significantly increased, the moisture
content decreased, and the myofibrillar protein aggregation was observed by scanning electron
microscope. After identification and quantification by HS-GC-IMS, 10 compounds with OAV > 1
were selected as characteristic flavor compounds. The sensory taste and smell were closely related
to the oxidation of proteins and lipids. The characteristic flavor compounds contributed to the
sensory smell of roasted tilapia, especially 1-pentanal, 2-methylbutanal, and ethyl acetate. The
water loss and myofibrillar protein aggregation easily caused the significant change of texture
properties including hardness, cohesiveness, and chewiness, resulting in the formation of sensory
mouthfeel and tissue state. This study provides an important theoretical basis and technical

support for roasted tilapia production.

Key words: Roasted tilapia; Sensory property; Texture; Volatile compound; HS-GC-IMS;
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Inhibitory effects of black pepper essential oil on biogenic
amine-producing bacteria in the chilled storage of bighead carp
(Aristichthys nobilis) head
Liu Miao', Li Lin', Wang Jianhui*

1. School of Food Science and Bioengineering, Changsha University of Science and Technology, Changsha

410114, Hunan, China

Abstract: The head of bighead carp (Aristichthys nobilis), widely valued in Chinese cuisine, is
highly prone to spoilage due to its rich nutrient profile, creating a favorable environment for
biogenic amine (BA)-producing bacteria. Excessive BA accumulation poses food safety risks, yet
traditional preservation methods, such as chilling, fall short of controlling BA formation over
extended storage. This study explores the inhibitory effects of black pepper essential oil (BPEO)
on BA-producing bacteria in carp heads stored at -2<C. BPEO was tested for its antimicrobial
efficacy, targeting BA accumulation through metabolic pathway modulation. Results indicate that
BPEO significantly reduced BA levels, particularly putrescine, by influencing arginine and proline
metabolism pathways, while also delaying microbial spoilage and enhancing sensory quality.
These findings underscore BPEO’s potential as a natural preservative, offering a sustainable
means to improve fish product safety and shelf life. This study advances understanding of BA

inhibition mechanisms and supports plant-based antimicrobials in the seafood industry.

Key words: Bighead carp head; Biogenic amine-producing bacteria; Black pepper essential oil;
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Identification of novel angiotensin converting enzyme (ACE)
inhibitory peptides from Pacific saury: In vivo antihypertensive
effect and transport route

Shu Wang *, Lu Zhang *°, Hui Wang *, Zizi Hu*®, Xing Xie >?, Haiqi Chen' ,Zongcai Tu"**
1.State Key Laboratory of Food Science and Resources, Nanchang University, Nanchang, Jiangxi 330047,
China;2.National R&D Center for conventional Freshwater Fish Processing, Jiangxi Normal University, Nanchang
330022, China;3.Engineering Research Center of Freshwater Fish High-value Utilization of Jiangxi Province,

Jiangxi Normal University, Nanchang, Jiangxi 330022, China

Abstract:Nature food-derived angiotensin converting enzyme inhibitory peptides (ACEIPs) can be
potent and safe therapeutics for many medical illnesses, particularly hypertension. In this study,
novel ACEIPs were screened and identified from Pacific saury;Novel ACEIPs were screened and
identified from Pacific saury by bio-activity guided approach through ultrafiltration membrane,
Sephadex G-25 and RP-HPLC. The Caco-2 monolayer was established to determine the apparent
permeability coefficient (Pyp). The antihypertensive effect of ultrafiltration fraction was evaluated
by spontaneous hypertensive rats’ (SHRs) model;The peptides sequences of which gave the best
activity was identified by Q-Orbitrap-MS/MS and selectively synthesized based on the binding
energy of molecular docking. Five peptides VVLASLK, LTLK, LEPWR, ELPPK and LPTEK
were synthesized, and the peptide LEPWR (1C5,=99.5 uM) showed the best ACE inhibitory ability.
Furthermore, LEPWR against ACE in a mixed competitive pattern and formed six hydrogen bonds
with ACE. Additionally, the apparent permeability coefficient (Pa,p) of LEPWR was 3.56 +0.14
=10 cm/s and paracellular transport across tight junctions was the main pathway across the
Caco-2 monolayer. The antihypertensive effect of ultrafiltration fraction was confirmed to reduce
the blood pressure after oral administration;This study concluded that Pacific saury was an
excellent source to prepare ACEIPs. At the same time, the work could provide theoretical and
technical support for the deep processing of Pacific saury. Nevertheless, the in-depth
antihypertensive effects of peptide LEPWR on SHRs and the antihypertensive mechanism of

bioactive fraction need further investigation.

Keywords: ACE inhibitory peptide; Pacific saury; Isolation and purification; Molecular docking;

Caco-2 cell monolayers
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Improving the detection accuracy of the dual SERS aptasensor
system with uncontrollable SERS ""hot spot'* using machine learning
tools
Junlin Chen®, Hong Lin®, Limin Cao®, Jianxin Sui*, Kaigiang Wang"

1. College of Food Science and Engineering, Ocean University of China, Qingdao, 266003, Shandong, China

Abstract: Simultaneous detection of food contaminants is crucial in addressing the collective health
hazards arising from the presence of multiple contaminants. In this study, using chloramphenicol
and estradiol as two target substances, we introduced a novel approach that combines machine
learning methods with a dual SERS aptasensor, enabling simultaneous high-sensitivity and
accurate detection of both target substances. The strategy effectively minimizes the interference
from characteristic Raman peaks commonly encountered in traditional multi-competitive SERS
aptasensors. For this sensing system, the Au@4-MBA@Ag nanoparticles and Au@DTNB@Ag NPs
were used as signal probes. Additionally, Fe;0,@Au nanoflowers were used as capture probes.
When compared to linear regression random forest, and support vector regression models, the
proposed artificial neural network model exhibited superior precision. The essence of our study
lies in its capacity to address a persistent challenge encountered by traditional multiple
competitive SERS aptasensors — the interference generated by uncontrollable SERS "hot spot" that
hinders simultaneous quantification. The accuracy of the predictive model for simultaneous
detection of two target substances was significantly improved using machine learning tools. This
innovative technique offers promising avenues for the accurate and high-sensitive simultaneous

detection of multiple food and environment contaminants.

Key words: Colorimetric; SERS; Anthocyanins; Freshness; Aquatic products
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Innovations in the precision quality control of seafood: Case study of

pacific oysters
Shiliang Dong™?, Ryosuke Bizen®, Xin Lu*, Koichi Takaki’, Ying Liu?, Chunhong Yuan®
1. Ocean Research Center of Zhoushan, Zhejiang University, China;2 .College of Biosystems Engineering and
Food Science, Zhejiang University, China;3. Faculty of Agriculture, lwate University, Japan;4. Faculty of Science

and Engineering, lwate University

Abstract: The Pacific oyster (Crassostrea gigas) is the most widely cultivated oyster species
globally. Due to the influence of aquaculture environments, the external shell morphology of
oysters varies. The vitality of oysters is a crucial criterion for assessing their quality. In recent
years, advancements in precision quality control technology have significantly enhanced the
freshness and nutritional integrity of seafood products. The purpose of this study is to grade the
oysters and to extend the shelf life while reducing food waste by applying the latest preservation
techniques and detection indicators. In this study, 3D morphometric measurement techniques,
combined with biochemical characteristics (ATP-related compounds, pH, etc.), were employed for
the first time to analyze the changes in different shapes (flat and round) of Pacific oysters during
storage at -1<C, as well as the differences in their ability to maintain vitality. Some vitality indexes
(pH, AEC value, arginine phosphate and glycogen) in the adductor muscle of oysters were studied
after short-term rearing and during storage at -1°C.As the shape of oysters is not necessarily
symmetrical and many oysters have a banana-like shape, the authors objectively and precisely
describe the shape of oysters and obtain new and unique shape features, i.e., mean flattening ratio,
absolute difference in mean flattening ratio of the front and back 25 ellipses, curvature of the
center axis, and orientation angle of the center axis. Combined with the ratio of shell height to
shell length (H/L), these five features were used as the external shape features of oysters in this
study. principal component analysis (PCA) was used to reduce the dimensionality of the
five-dimensional feature space to one-dimensional feature space, and selection formulas for round
and flat oysters were generated. The results showed that the classification accuracy of round and
flat oysters was 70.0% by using 3D morphometric techniques. During superhcilling storage, the
round type oysters showed higher vitality than flat type. The AEC value of round type oysters was
consistently in the range of 50%-60%. In the flat type, AEC values decreased from 59.19% to
39.98% during the superchilling storage. The results of AEC values also correlated with the
intervalval water content. The results suggested that 3D morphometric measurement techniques
can have a significant impact on branding and enhancing the quality of oysters. It enables the
non-destructive and real-time classification of oysters based on their vitality throughout the supply
chain.

Keywords: Pacific oysters; 3D morphometric measurement; Vitality; Superchilling storage; Quality
control
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Insight into the effects of large yellow croaker roe (Larimichthys
Crocea) phospholipids on the conformational and functional
properties of pork myofibrillar protein
Boruo Yang', Peng Liang?

College of Food Science, Fujian Agriculture and Forestry University, 350002, Fuzhou, China

Abstract: The large yellow croaker roe phospholipids (LYPLSs), rich in polyunsaturated fatty acids,
is a potential phospholipid additive for meat products. In this work, the effects of LYPLs on the
structural and functional properties of myofibrillar protein (MP) were determined, and compared
with egg yolk phospholipids (EYPLs) and soybean phospholipids (SBPLs).The results revealed
that LYPLs, similar to SBPLs and EYPLs, induced a transformation in the secondary structure of
MP from a-helix to B-sheets and random coils, while also inhibited the formation of carbonyl and
disulfide bonds within MP. All three phospholipids induced MP tertiary structure unfolding, with
the greatest degree of unfolding observed in MP containing LYPLs. The MP with LYPLs had the
highest surface hydrophobicity, emulsification properties and gel strength. In addition, MP with
LYPLs added also demonstrated superior rheological properties and water-holding capacity
compared with SBPLs and EYPLs.In conclusion, adding LYPLs endowed MP with improved

functional properties.

Keywords: Myofibrillar Protein; Phospholipids; Conformational change; Functional properties;

Large yellow croaker roe phospholipids
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Integrating multi-level interactive network and in vivo/vitro studies
to explore the protective mechanism of Maillard products of skipjack

trypsin hydrolysate in hyperuricemia
Xueping Wang*?, Jiaxing Wang?, Yurou Chu*?, Jipeng Sun?, Ru Son’, Bin Zhang"
1. School of Food and Pharmacy, Zhejiang Ocean University, Zhoushan 316022, China;2.Research Office of
Marine Biological Resources Utilization and Development, Zhejiang Marine Development Research Institute,

Zhoushan 316021, China

Abstract:Hyperuricemia is a metabolic disease caused by abnormally high blood uric acid levels. At
present, hyperuricemia is mainly treated by western medinice usually followed by severe side
effects.So it is necessary to search for effective and safe uric acid-lowering bioactive
compounds.In this study, the by-products of skipjack processing were used as raw materials to
prepare skipjack hydrolysate (STH) through protease hydrolysis, and then Maillard reaction with
reducing sugar was performed to prepare skipjack enzymolysis Maillard products (STHMS3,
200-1000 Da). On this basis, the effects of skipjack enzymolysis solution and Maillard product on
high uric acid kidney injury were further studied. In adenine (AD) combined with potassium
oxazinate (PO) induced mouse hyperuric acid Kidney injury model (HUA-KI), the mitigation
effects of STH and STHMS3 on HUA-KI mice were studied, and the active peptide segments of
STHMS3 for hyperuric acid kidney injury was screened by network pharmacology and its target
was predicted.And through molecular docking, the most active peptide segments was bound to
xanthine oxidase (XOD) to predict the activity mechanism of STHMS3.Medium dose (300 mg/kg)
STH and STHMS3 can effectively alleviate the renal function impairment caused by in HUA-KI
mice and significantly improve the body's antioxidant capacity;significantly decreased the index
of kidney damage factor (KIM-1); significantly increased the expression of NQO1 protein in the
kidney. STHMS3 may inhibit the development of hyperuric acid renal injury through the NF- x B
signaling pathway, TNF signaling pathway and renin secretion signaling pathway. The results of
molecular docking show that XOD could be inhibited by hydrogen bonding with protein through
various amino acid residues to achieve the purpose of improving hyperuricemia. The AGPGFP
peptide from STHMS3 can be used as a suitable raw material for XOD-inhibiting peptides, but
also has the potential to inhibit other targets of high uric acid kidney injury.

Keywords:Skipjack trypsin hydrolysate; Hyperuricemia; Renal injury; Network pharmacology;

Molecular docking

38



2024 K= SN TANGE S R 2 AR AR 2>

Interaction mechanism between protein and characteristic volatile
flavor components of grass carp surimi
Naiyong Xiao', Yantao Yin*, Shucheng Liu®, Wenzheng Shi*
1.College of Food Science and Technology, Guangdong Ocean University, Zhanjiang 524088, China;2.College of

Food Sciences & Technology, Shanghai Ocean University, Shanghai 201306, China

Abstract :[Objective] The problem of the fishy odor of freshwater surimi is a key problem that
needs to be solved in the freshwater surimi industry. The interaction between protein and volatile
flavor compounds is the main factor affecting the binding and release of volatile flavor
compounds in protein-based foods. [Methods] Based on the composition of characteristic volatile
flavor compounds in traditional rinsed surimi, the interaction mechanism of the main protein
(myofibrillar protein) and characteristic volatile flavor compounds in grass carp surimi was
investigated. [Results] The results showed that myofibrillar protein can bind to characteristic
aldehydes (hexanal, octantal, nonanal, and decanal) by hydrophobic interaction force, and bind to
1-octene-3-ol by hydrogen bonding force or van der Waals force. [Conclusion] The results may

provide a theoretical basis for effective flavor control in the production of freshwater fish surimi.

Key words: Surimi; Myofibrillar protein; Volatile flavor compounds; Fishy odor
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Interaction of fruit-vegetable powders with surimi proteins: effects
on the gel structure and digestive properties
Jiehui Feng®, Qiangian Li*, Ru Jia', Huamao Wei*, Tao Huang®, Jinjie Zhang®, Dalun Xu®, Wenge
Yang', Gaoshang Li
1. Zhejiang Key Laboratory of Intelligent Food Logistic and Processing, Zhejiang-Malaysia Joint Research
Laboratory for Agricultural Product Processing and Nutrition, College of Food Science and Engineering, Ningbo

University, Ningbo, 315211, Zhejiang, China

Abstract: To improve the gel properties and function of Alaska Pollock surimi, the different
fruit-vegetable powders (FVPs) including apple, spinach, carrot, pomegranate and grape powders
(AP, SP, CP, PP, GP) were added to surimi. Gel properties, physicochemical properties, and
digestive characteristics of surimi were determined. The findings demonstrated that compared
with control group, the gel strength, energy storage modulus (G’) and sensory score of surimi were
significantly improved by adding AP-2%, SP-3%, CP-2%, PP-2%, and GP-1% respectively
(2-48%, 6-26%, 28-40%). Moreover, the drip loss and chewiness of surimi were decreased
(AP:4.93%, 14.04%; SP: 35.59%, 26.49%; CP: 23.57%, 29.06%; PP: 16.10%, 27.20%; GP:
12.89%, 21.23%). Microstructure results showed that FVPs promoted surimi to form a denser gel
network structure, which restricted more water molecules, resulting in improved gel properties and
decreased drip loss. Additionally, FVPs had positive effects on in vitro digestibility and
antioxidant properties (DPPH radical scavenging, ABTS+ radical scavenging, Fe2+ chelating
capacity), especially for SP-3% (improved by 18.29%; 45.90%, 45.96%, 51.32%) and GP-1%
groups (improved by 13.05%; 60.71%, 34.57%, 53.51%), which might be due to high protein
hydrolysis and the exposure of functional group. In conclusion, AP-2%, SP-3%, CP-2%, PP-2%
and GP-1% could enhance the gel properties, physicochemical properties and digestive
characteristics of surimi, which could provide a theoretical basis for preparing more healthy and

sustainable surimi products.

Keywords: Surimi gel; Fruit-vegetable powder; Gel network; Digestive properties; Clean label
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Key non-volatile taste components and characteristics in abdominal
muscle of Eriocheir sinensis under various thermal processing
methods
Yuyao Shi*?, Zehui Qiu*? Mingyu Yin"?, Yulong Zhao"?, Renyue Zhang™?, Wenzheng Shi*?,
Xichang Wang"?

1. College of Food Science and Technology, Shanghai Ocean University, Shanghai 201306, China; 2. Shanghai

Engineering Research Center of Aquatic-Product Processing and Preservation, Shanghai, 201306, China

Abstract: The identification of key non-volatile taste components and flavor characteristic in
abdominal muscle of Chinese mitten crab (Eriocheir sinensis) was evaluated based on different
thermal processing methods: boiling at rising temperature (BO-R), boiling at constant temperature
(BO-C), steaming with water vapor (ST), baking with salt (BK), and raw samples (Raw) as control.
The taste-related indicators were determined, integrating with sensory evaluation and electronic
tongue to evaluate the overall taste characteristic of abdominal muscle. The results showed that
arginine (Arg), alanine (Ala), glycine (Gly), glutamic acid (Glu), 5-AMP, histidine (His), lysine
(Lys), Pro, K*, PO,*, betaine, succinic acid, and lactic acid were the key taste contributors,
exhibiting taste activity values (TAV) higher than 1.0 Compared to BO groups, ST and BK group
contributed to the sweetness, and BK showed reduced bitterness and a more pleasant taste. BK
exhibited the highest Arg, 5-AMP contents, and EUC (4.49 g MSG/100g). The cluster and
correlation analysis demonstrated that Arg, Ala, and His were identified as the primary differential
components under various thermal degradation. These findings could deepen the understanding of

non-volatile taste for subsequent studies.

Keywords: Eriocheir sinensis; Abdominal muscle; Non-volatile taste; Thermal processing; Umami
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Lipidomic strategy to characterize the fatty acids composition and
lipid profiles of different parts of Pacific saury (Cololabis saira)
Xinyi Tao*, Ningping Tao?

College of Food Science and Technology, Shanghai Ocean University, Shanghai 201306, China

Abstract: [Objective] The Pacific saury (Cololabis saira) is a highly nutritious deep-sea fish, rich in
omega-3 polyunsaturated fatty acids (n-3 PUFAS). [Methods]This study comprehensively
investigated fatty acids composition and lipid profiles of different parts of Pacific saury based on
an untargeted lipidomic strategy. [Results]Results suggested that the crude fat content of meat,
head and viscera were 5.81%, 10.90%, and 19.46%, respectively. The contents of PUFAs were
41.08%, 34.96% and 33.14%, respectively. Among them, the n-3 PUFAs in the head (34.58%)
were significantly higher than meat (29.40%) and viscera (27.95%). Moreover, 5752 lipid
molecules were identified, where glycerophospholipids (GPs) were the most numerous lipid type
(45.58%), with phosphatidylcholine (PC) being main differential subclass. PC (20:3_22:6) was the
most abundant molecule in the head (14.59%) and meat (19.60%). Head_vs_viscera group had
higher characteristic PC abundance. [Conclusion]This study will provide a theoretical basis for the

physiological activity and lipid high-value utilization of Pacific saury.

Keywords: Pacific saury(Cololabis saira); Fatty acids composition; Lipid profiles;

Phosphatidylcholine (PC).
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Mechanisms of slow-release antibacterial properties in
chitosan-titanium dioxide stabilized perilla essential oil Pickering
emulsions: Focusing on oil-water interfacial behaviors
Hengheng Wang , Yanyan Wu , Yueqi Wang

1.South China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, China

Abstract: Perilla essential oil (PLEO) offers benefits for food preservation and healthcare, yet its
instability restricts its applications. In this study, chitosan (CS) and TiO, used to prepare
composite particles. TiO,, after being modified with sodium laurate (SL), was successfully
introduced at 0.1 %-3 % into the CS matrix. The resulting CS-SL-TiO, composite particles can be
formed by intertwining and rearranging through intramolecular and intermolecular interactions,
and form an O/W interface with stability and viscoelasticity. The Pickering emulsions stabilized
by these particles exhibit non-Newtonian pseudoplastic behavior, shear-thinning properties, and
slow-release characteristics, along with antibacterial activity. Emulsions with 0.5 % and 1 %
CS-SL-TiO, composites demonstrated superior antibacterial effects against Escherichia coli and
Staphylococcus aureus. The study revealed that all emulsions undergo Fickian diffusion and a
sustained release of PLEO, with the Ritger-Peppas model best describing this release mechanism.
The slow-release behaviors positively correlates with interfacial pressure, composite particle size,
composite particle potential, composite contact angle, emulsion particle size and emulsion
potential, but negatively correlates with diffusion rate, penetration rate, release kinetics and release
rate. The findings lay groundwork for developing slow-release antimicrobial emulsions within
polysaccharide matrices, showcasing promise for antimicrobial packaging solutions and enhanced

food preservation techniques.

Key words: Chitosan-titanium dioxide composite particles; Pickering emulsion; Interfacial behavior;

Slow-release; Antibacterial mechanism; Active packaging films
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Mitigating fishy odor in surimi gels: Interactions between myofibril
proteins and chito-oligosaccharides
Huifang Yang?, Jing Qiu®, Ramy M. Khoder? 3, Shanbai Xiong?, Ru Liu?, Yueqi An*
1. College of Health Science and Engineering, Hubei University, Wuhan, Hubei 430062, China;2. Key Laboratory
of Environment Correlative Dietology, Ministry of Education, College of Food Science and Technology, Huazhong
Agricultural University, Wuhan, Hubei 430070, China;3. Faculty of Agriculture, Benha University, Moshtohor,

Toukh 13736, Egypt.

Abstract: This study investigated the impact of chito-oligosaccharides (COS) on the odor
characteristics of surimi gels and the adsorption capacity of myofibril protein (MP) to aldehydes.
Surimi gels with 1 wt% COS exhibited the freshest odor and the least fishy note. Adding COS
significantly reduced the relative content of total volatile compounds by 95.28 pg/kg-148.57
o/kg (0.5 wt%-2 wt%). The partition coefficient ( Kaﬂ:iopol) of aldehydes in 6 mg/mL MP and 1
wt% COS simulated decreased by 2.38% compared to the water system. It demonstrated that the
interaction between COS and MP inhibited the release of aldehydes. Additionally, the content of
COS greatly influenced the conformation of MP. At concentrations of COS up to 1 wt%, COS
filling within the surimi gels created a compact network structure, increasing disulfide bonds and
decreasing water interstices. This facilitated COS-MP-aldehyde interactions, with hydrophobic
interactions pivotal in adsorbing fishy odors. The smaller quenching constant (Ksv) in the
MP-fishy odorant-COS (MP-F-COS) simulated system indicated that COS directly reacted with
aldehydes. However, higher COS concentrations (1.5-2 wt%) led to irreversible deformation of
MP after being compressed, with aldehydes being embedded and absorbed by the mucous
membrane. The present work offers novel perspectives on mitigating off-odor emission in surimi

products by applying COS.

Keywords: Chito-oligosaccharides; Surimi gel; Fishy odors; Controlled release; Myofibrillar

protein conformation; SPME-GC-MS.
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Molecular modification of a-glucosidase from deep-sea archaea
Pyrococcus kodakaraensis and its preparation of oligosaccharides
Lei Jiang, Xinxin Kang, Lei Zhang, Mingsheng Lyu, Shujun Wang.
Jiangsu Key Laboratory of Marine Bioresources and Environment, Jiangsu Ocean University, Lianyungang

222005, China

Abstract:[Objective]a-glucosidase (EC3.2.1.20) hydrolyzes the a-1,4 glycosidic bond of
polysaccharides from the non-reducing end and transfers it to the substrate via the a-1,6 glycosidic
bond. It is one of the important key enzymes in the production of oligosaccharides. [Methods]This
study cloned and expressed the a-glucosidase from the thermophilic archaeon Pyrococcus
kodakaraensis KOD1, and studied its key amino residues using molecular docking technology and
site directed mutagenesis. The enzymatic properties and preparation of oligosaccharides were also
investigated. [Results]The optimal reaction temperature and pH were 90 °C and 7, respectively,
and it exhibited good stability at pH 4-8. Through TLC and HPLC detection, it was found that
using 3% maltose as the donor, 3% lactose, and fucosylated lactose were the optimal acceptors,
resulting in trisaccharides, tetrasaccharides, and heptasaccharides. Site directed mutagenesis was
performed on Met182, Lys196, and Ser207, and the optimal temperature for the mutated enzymes
was 100 °C. The optimal pH for the mutated enzymes M182A was 8.5, K196A was 6, and S207A
was 5. When 3% maltose was used as the donor and 3% lactose and fucosylated lactose was used
as acceptors, the product contained trisaccharides, tetrasaccharides, and heptasaccharides. Among
them, the content of heptasaccharides in the S207A product was increased by five times.
[Conclusion]The results indicate that the mutant S207A has promising applications in

oligosaccharide preparation.

Keywords:a-glucosidase; Cloning expression; Molecular docking; Site directed mutation;

Oligosaccharide
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Non-targeted metabolomics to elucidate dynamic changes in grass
carp (ctenopharyngodon idellus) muscle quality during cold storage
Tang Linzhi', Li Zhiying®, Deng Na*, Liu Miao®,Hou Xiaoyi*, Zhang Bo*, Li Hui*?,
Wang Jianhui?

1. School of Food Science and Bioengineering, Changsha University of Science and Technology, Changsha
410114, Hunan, China; 2. Hunan Provincial Engineering Technology Research Centre of Prepared Dishes,

Changsha 410114, China

Abstract: The grass carp (Ctenopharyngodon idellus), renowned for its nutritional richness, is
susceptible to rapid deterioration of its muscle quality during post-slaughter cold storage, with
redox imbalance being a primary contributor to this degradation. The results indicated that as
storage duration increased, the intermuscular spaces widened and the arrangement of muscle
fibers became increasingly disorganized. Concurrently, lipid and protein oxidation occurred, with
Fourier infrared (FTIR) and fluorescence spectroscopy detecting alterations in protein
conformation. Metabolomic analysis of the dynamic changes in the muscle metabolome of
refrigerated grass carp identified 317 metabolites. The differentially regulated metabolites
primarily consisted of amino acids and their derivatives, lipids and their metabolites, benzene and
its derivatives, aldehydes, ketones, esters, organic acids and their derivatives. Metabolites showing
significant differences were mainly involved in protein and lipid oxidation pathways. These
findings provide insights into the mechanisms driving fish quality deterioration, thereby laying a
theoretical groundwork for improving fish quality and advancing the modernization of China's

fishery industry.

Key words: Grass carp; Refrigeration; Redox; Non-targeted metabolomics
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Optimization of extraction process of shrimp oil from crayfish
Tianyu Xiao*?, Chao Wang', Yu Qiao®
1. School of Life and Health Sciences,Hubei University of Technology,Wuhan 430068,China;2. Institute of
Agricultural Products Processing and Nuclear Agriculture Technology,Hubei Academy of Agricultural

Sciences,Wuhan 430064, China

Abstract: This study uses crayfish hepatopancreas as the raw material to compare the differences in
shrimp oil extraction through enzymatic hydrolysis using various proteases (neutral protease,
alkaline protease, acidic protease, papain, compound protease, and Kkeratinase). It also aims to
optimize the enzymatic hydrolysis conditions for extracting shrimp oil from crayfish.Determine
the optimal protease enzyme and extraction conditions through single-factor and orthogonal
experiments. Then, under the optimal extraction conditions, measure the physicochemical
properties (moisture and volatiles, acid value, peroxide value, iodine value, and anisidine value) of
the extracted crayfish oil to assess whether its physicochemical properties meet national
standards.The experimental results indicate that neutral protease is the optimal enzyme for protein
extraction. The optimal extraction conditions are as follows: hydrolysis pH of 6.5, hydrolysis time
of 4.5 hours, enzyme activity of 2.75X10° U/g, and a material-to-liquid ratio of 1:0.5. The factors
influencing oil yield in descending order are: hydrolysis time>pH value>material-to-liquid
ratio>enzyme activity. Under these optimal extraction conditions, the oil yield of crayfish oil is
54.6% 1+ 0.5%. The physicochemical property tests show that the crayfish oil extracted via neutral
protease hydrolysis meets the national aquatic industry standard SC/T3502-2016 for Grade 2
crude fish oil.This study provides a solid theoretical basis for the large-scale utilization of crayfish
hepatopancreas in processing water, offering valuable reference for subsequent related research

and practical applications.

Keywords: Crayfish hepatopancreas; Shrimp oil; Protease; Physicochemical properties
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Optimization of ultrasound-assisted deep eutectic solvents for
extraction of flavonoids from artemisia argyi
Zhihui Wang"?,Chao Wang*, Yu Qiao®
1. School of Life and Health Sciences,Hubei University of Technology,Wuhan 430068,China; 2. Institute of
Agricultural Products Processing and Nuclear Agriculture Technology,Hubei Academy of Agricultural

Sciences,Wuhan 430064,China

Abstract: This study aimed to optimize the extraction process of flavonoids from Artemisia argyi
using ultrasonic-assisted deep eutectic solvents (DESs),with flavonoid yield as the key
indicator.Eight different DESs were synthesized successfully.Based on the results of a
single-factor experiment,an orthogonal optimization test was conducted to examine the effects of
ultrasonic time,solid-to-liquid ratio,and ultrasonic temperature on the total flavonoid extraction
rate from Artemisia argyi,thereby determining the optimal extraction conditions.The optimal DES
was choline chloride with a molar ratio of 1:3 to 1,2-propylene glycol.Under the optimized
conditions—a solid-to-liquid ratio of 1:30,ultrasonic temperature of 50°C,and ultrasonic time of
50 minutes—the extraction yield reached 23.42%.This study provides a theoretical basis for the

effective utilization and further development of Artemisia argyi flavonoids.

Keywords:Artemisia argyi; Flavonoids; Deep eutectic solvents; Orthogonal test
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Paramyosin from field snail (Bellamya quadrata): Structural
characteristics and its contribution to enhanced the gel properties of
myofibrillar protein
Yang Zhou,Mei Yang, Xuanying Wan, Guoping Wu, Chan Zhong

College of Food Science and Engineering, Jiangxi Agricultural University, Nanchang 330045, Jiangxi, China

Abstract: To assess the blending effect of field snails with grass carp muscle, the effects of
paramyosin (PM) and actomyosin (AM) with different mixture ratios on the gel properties of the
binary blend system were investigated in our work. The purified PM from field snail muscle was
about 95 kDa on SDS-PAGE. Its main secondary structure was a-helix, which reached to 97.97 %.
When the amount of PM increased in the binary blend system, their rheological indices and gel
strength were improved. The water holding capacity (WHC) increased to 86.30 % at a mixture
ratio of 2:8. However, the WHC and the area of immobile water (P22) dramatically decreased, and
the area of free water (P23) increased when the mixture ratio exceeded 4:6. The low level of PM
in binary blend system promoted the formation of a homogenous and dense gel network through
non-covalent interactions as observed results of SEM and FTIR. When there were redundant PM
molecules, the development of heterostructure via hydrophobic interaction of tail-tail contributed
to the reduced gel properties of the binary blend system. These findings provided new insight into
the binary blend system of PM and AM with different ratios to change the gel properties of

myofibrillar protein.

Key words: Field snail; Myofibrillar protein; Paramyosin; Gel Actomyosin

49



2024 K= SN TANGE S R 2 AR AR 2>

Preparation and antibacterial properties of iron-incorporated
bullfrog skin collagen hydrogel against E. coli and S. aureus Using
enzymatic extraction method
Chunyu Song' , Xiaoshan Zhang', Ying Lu*

1.College of Food Science and Technology, Shanghai Ocean University, Shanghai 201306,China

Abstract:In this study, collagen was successfully extracted from bullfrog skin using an enzymatic
extraction method, followed by the preparation of an antibacterial hydrogel through iron ion
incorporation. The extracted collagen was characterized using SDS-PAGE, FTIR spectroscopy,
and amino acid analysis, confirming its type | collagen structure with intact triple-helix
conformation. The enzymatic extraction yielded a collagen extraction rate of 32.5%, while
maintaining the native protein structure. The subsequent incorporation of Fe*' ions into the
collagen matrix resulted in the formation of a stable hydrogel through coordination bonding. The
prepared Fe3*-collagen hydrogel exhibited significant antibacterial activity against both
Escherichia coli and Staphylococcus aureus, with inhibition zones of 21 mm and 24 mm,
respectively. Rheological analysis demonstrated that the hydrogel maintained suitable mechanical
properties while preserving its antibacterial efficacy. The biocompatibility assessment using MTT
assay showed no significant cytotoxicity, suggesting potential applications in wound dressing and
tissue engineering. This study presents a promising approach for developing natural,

biocompatible antibacterial materials from sustainable amphibian by-products.

Keywords: Enzymatic extraction method; Type | collagen; Antibacterial efficacy; Coordination

bonding
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Quality improvement and mechanism analysis of non-rinse tilapia
surimi gel
Luo Yingying™?, Huang Hui?, Li Laihao? Hao Shuxian? Chen Shenjun?, Wei Ya?, Cen Jianwei?,
Xiang Huan®
1. College of Food Science and Pharmacy, Zhejiang Ocean University, Zhoushan 316022, China;2. South China
Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences/Key Laboratory of Aquatic Product

Processing, Ministry of Agriculture and Rural Affairs, Guangzhou 510300, China

Abstract: Non-rinse surimi with good flavor has insufficient gel properties due to more protein and
fat. In this paper, the effects of starch, hydrophilic colloid and dietary fiber on the texture
characteristics, rheological properties, color, water holding capacity and cooking loss rate of
tilapia non-rinse surimi were investigated. The mechanism of improving the quality of non-rinse
surimi gel was revealed from the perspective of water distribution, intermolecular force and
protein structure. The results show that compared with the control group, starch, hydrophilic
colloid, dietary fiber and other substances could improve the texture characteristics and gel
strength of non-rinse surimi, leading to the increasing water holding capacity and decreasing
cooking loss rate of surimi. Under the action of starch, hydrophilic colloid and dietary fiber, free
water in rinse-free surimi was converted into immobilized water and bound water, and the
hydrophobic interaction between protein molecules was enhanced, and a-helix was transformed
into ordered B-sheet. The formation of dense and stable surimi gel network structure could
significantly improve the gel quality of rinse-free surimi. Especially, the optimized compound
addition (1.5 % hydroxypropyl distarch phosphate, 0.3 % sodium polyacrylate, 12 % corn starch

and 1.5 % seaweed dietary fiber) had the most significant effect on the improvement of surimi gel.

Keywords: No rinse surimi; Gel property; Textural properties; Water holding capacity; Protein

conformation
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Rapid identification of cod authenticity based on hyperspectral
imaging technology
Yu Xia', Quansheng Chen

1.College of Ocean Food and Biological Engineering, Jimei University, Xiamen 361021, China

Abstract: The high economic value of Atlantic cod makes it prone to fraudulent activities in the
market, thus achieving rapid and non-destructive identification of its authenticity has practical
significance. This study investigated the hyperspectral imaging (HSI) systems with a Vis-NIR
(400 — 1000 nm) and SWIR (900 — 1700 nm) spectral range, for determining the authenticity of
Atlantic cod fillets in two frozen and thawed sample states. Results found that the model effect of
Vis-NIR data was generally better than SWIR data. Random forest (RF) and Linear discriminant
analysis (LDA) models of Vis-NIR data achieved 100% accuracy. Variable screening algorithms
of Successive projections algorithm (SPA) and Variable combination population analysis-
iteratively retaining informative variables (VCPA-IRIV) maintained 100% accuracy of the LDA
model at VIS-NIR wavebands while simplifying the data operation burden. Overall, this study
suggests that HSI is a promising solution for rapid and non-destructive detection of Atlantic cod

authenticity.

Key words: Atlantic cod; Hyperspectral imaging; Authenticity
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Rapid identification of white tea based on colorimetric indicator
displacement assay (IDA) sensor array
Xiaoxiao Wu', Suleiman A. Haruna?, Nazhi Lv*, Fangling Jiang", Yu Xia®, Qingguo Cai®,
Qingmin Chen', Xiaomei Chen', Tianhui Jiao*, Quansheng Chen*
1.College of Ocean Food and Biological Engineering, Jimei University, Xiamen 361021, China;2.Department of
Food Science and Technology, Aliko Dangote University of Science and Technology, Wudil, P.M.B 3244 Kano,

Kano State, Nigeria;3.Xiamen Haihongxing Instrument Co., Ltd, Xiamen 361021, China

Abstract: The identification of white tea mainly relies on sensory evaluation and mass spectrometry
methods, which have drawbacks such as strong subjectivity and complex analysis. Thus, this study
established a novel approach based on colorimetric indicator displacement assay (IDA) sensor to
achieve rapid and accurate white tea identification. Cost-effective dyes and phenylboronic acids
with different substituents were selected as the indicator and receptor, respectively. A
color-signal-responsive IDA sensor array was constructed to enable the rapid and sensitive
identification of white tea. Additionally, three supervised pattern recognition algorithms were
utilized to process image data. The results demonstrate that combining the IDA sensor with the
random forest algorithm accurately differentiates white tea samples by origin and type, achieving
a 100% recognition accuracy in both training set (n=84) and prediction set (n=56) when
ntree=1000. This work offers an economical and efficient method for the rapid identification of

white tea products.

Key words: Indicator displacement assay; White tea; Colorimetric sensor array
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Research on the performance enhancement of metal-organic
frameworks in improving the stability of intelligent indicator labels
for food freshness
Hao Fang, Limin Cao*, Jianxin Sui', Xiudan Wang', Hong Lin', Kaigiang Wang"

1. College of Food Science and Engineering, Ocean University of China, Qingdao, 266003, Shandong, China

Abstract: Intelligent food packaging has recently gained significant attention due to the heightened
consumer awareness regarding food quality. Although anthocyanins avoid safety issues, the
instability and leakage of anthocyanins restrict their utilization in freshness indicator labels. In this
study, we introduced an innovative metal-organic framework (UiO-66-NH2) synergistic
pH-colorimetric label with fast ammonia-responsive, incorporating sodium alginate, red cabbage
anthocyanin, and UiO-66-NH2. The cross-linked sodium alginate substrate enabled the label to
possess superior insolubility. The microscopic morphology of the labels was intricately analyzed,
while their sensitivity was rigorously tested utilizing ammonia as a representative gas. Due to the
remarkable UV absorption capability of UiO-66-NH2 and various molecular interactions with
anthocyanins, the label exhibited good UV absorption, enhanced stability, and optimized
performance in reducing anthocyanin leakage, ensuring the stability and effectiveness of the labels
in practical applications. The prepared label exhibited good specificity for volatile amines and
ammonia gases, and robust anti-interference properties, enabling visualization and early detection
of shrimp spoilage during storage at different temperatures. The strategy employed in this study
presents promising new possibilities for developing intelligent packaging solutions for food

products.

Key words: Freshness; Intelligent indicator label; Metal-organic frameworks; Anthocyanin; Stability
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Research on the rehydration technology of semi-dried salted
Apostichopus japonicus assisted by ultra-high pressure
Qin Wang"? Rongrong Liao™?, Honglin Zhang"?, Wanting Chen®? Su Yongchang®, Liu Zhiyu'*
1.Fisheries Research Institute of Fujian, Xiamen, 361013, Fujian, China; 2. College of Food Science, Fujian

Agriculture and Forestry University , Fuzhou, 350002, Fujian, China

Abstract:In order to accelerate the rehydration rate of Apostichopus japonicus, this paper used
semi-dry salted A. japonicus produced in Xiapu, Fujian Province as the raw material to investigate
the process and quality difference of semi-dry salted A. japonicus soaking assisted by
ultrahigh-pressure technology.The effects of different ultrahigh-pressure pressure, time,
temperature, and medium on the rehydration rate, texture, and moisture content of semi-dry salted
A. japonicus were investigated, and Box-Behnken response surface analysis was used to optimize
the process of ultrahigh-pressure-assisted semi-dry salted A. japonicus rehydration.The results
showed that ultrahigh-pressure accelerated the water absorption rate of semi-dry salted A.
japonicus and improved the recurrence rate by changing the internal microstructure of the
semi-dry salted A. japonicus.When the ultrahigh-pressure pressure was 403 W, the time was 21
min and the temperature was 50 °C, the recurrence multiplier of the semi-dry salted A. japonicus
was 2.87, which was increased by 28% compared with that of the normal pressure, the
water-holding capacity was 83.71%, which was increased by 7.89% compared with that of the
normal pressure, and the rehydration time was shortened by 24 h compared with that of the normal
pressure.The ultrahigh-pressure treatment reduces the loss of the nutrients in the soaking process
and improves the body wall breakage due to the soaking. Therefore, ultrahigh-pressure treatment

helps the soaking of semi-dry salted A. japonicus.

Key words: Apostichopus japonicus; Ultrahigh-pressure; Box-Behnken; Microstructure; Nutrition
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Research on the roasting quality characteristics of large yellow
croaker fillets with different water content
Huang Shuting®?, Liu Shuji*, Lin Xiangyang®, Chen Xiaoting®, Wen Ping", Xie Yuping®, Chen
Bei', Chen Yihui?, Liu Zhiyu®
1.Fisheries Research Institute of Fujian, Xiamen, 361013, Fujian, China; 2. College of Food Science, Fujian
Agriculture and Forestry University , Fuzhou, 350002, Fujian, China; 3.Xiapu County Marine Fishery

Development Center, Ningde, 355100, Fujian, China

Abstract: [Objective]: To explore the effect of water content on the quality characteristics of large
yellow croaker fillets after roasting. [Methods]: Large yellow croaker fillets were pickled with 3%
salt and dried with hot air for a certain time, the water content of the fillets was controlled, and
then roasted. After that, the texture, water distribution, volatile components, flavor components
and myofibrillar protein of the fillets were evaluated. [Results]: When the water content of large
yellow croaker fillets decreased from 77% of fresh sample (BMC-77) to 55% (BMC-55), the
hardness of fillets enhanced from 77.13 g to 331.42 g, the shear force increased from 364.89 g to
1552.86 g, and the TBARS value also raised by 0.14 mg/100 g. The TVB-N value was
significantly lower than that of BMC-55 (P<0.05). At the same time, the saltiness, umami and
richness of the fillets gradually increased while water content reducing, and the bitterness
gradually decreased. The odor values of W5S, W6S, W1W and W2W in BMC-65 group were
significantly higher than those in other groups, reaching 1.51, 1.04, 3.37 and 2.70, respectively.
With the decrease of water content, the proportion of immovable water was significantly
decreased (P<0.05), and the proportion of strongly bound water, free water and weakly bound
water was significantly increased (P<0.05). After GC-MS detection, 23 volatile substances were
found with VIP>1, and there were significant differences in the volatile components of the 5
groups. [Conclusion] The quality and flavor characteristics of grilled large yellow croaker can be
controlled by changing the moisture content, which provides a theoretical reference for the

development of prepared dishes using large yellow croaker.

Key words: Large yellow croaker; Water content; Roasted; Quality; Flavour

56



2024 K= SN TANGE S R 2 AR AR 2>

Reversed-phase medium-pressure liquid chromatography
purification of omega-3 fatty acid ethyl esters using AQ-C18
Mingxin Sang"?, Nan Pan®, Meitian Xiao®, Zhiyu Liu**
1. Fisheries Research Institute of Fujian, Xiamen 361013, Fujian, China; 2. College of Chemical Engineering,

Huagiao University, Xiamen 361021, Fujian, China

Abstract: Omega-3 fatty acids are in high demand due to their efficacy in treating
hypertriglyceridemia and preventing cardiovascular diseases. However, the growth of the industry
is hampered by low purity and insufficient productivity. This study aims to develop an efficient
RP-MPLC purification method for omega-3 fatty acid ethyl esters with high purity and capacity.
The results indicate that the AQ-C18 featuring polar end-capped silanol groups outperformed C18
and others in retention time and impurity separation. By injecting pure fish oil esters with a
volume equivalent to a 1.25% bed volume on an AQ-C18 MPLC column using a binary isocratic
methanol-water (90:10, v:v) mobile phase at 30 mL/min, optimal omega-3 fatty acid ethyl esters
were obtained, with the notable purity of 90.34% and a recovery rate of 74.30%. The total content
of EPA and DHA produced increased from 67.91% to 85.27%, meeting the acceptance criteria of
no less than 84% set by the 2020 edition of the Pharmacopoeia of the People’s Republic of China.
In contrast, RP-MPLC significantly enhanced the production efficiency per unit output compared
to RP-HPLC. This study demonstrates a pioneering approach to producing omega-3 fatty acid
ethyl esters with high purity and of greater quantity using AQ-C18 RP-MPLC, showing this

method’s significant potential for use in industrial-scale manufacturing.

Key words: Omega-3 fatty acids; Eicosapentaenoic acid; Docosahexaenoic acid; Reverse-phase

medium-pressure liquid chromatography; AQ-C18; High-purity
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Structural characterization and hypoglycemic activity of Gracilaria
lemaneiformis polysaccharides based on IR/IRS-2/P13k/Akt/Glut4
signaling pathways in HepG2 cells
Xiaoshan Long, Xiao Hu, Xianging Yang, Yonggiang Zhao, Shengjun Chen
Key Laboratory of Aquatic Product Processing, Ministry of Agriculture and Rural, South China Sea Fisheries

Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510300, China

Abstract: The aim of this study was to investigate the structural characterization and hypoglycemic
activity and mechanism of G.lemaneiformis polysaccharides based on IR/IRS-2/PI3k/Akt/Glutd
signaling pathways in HepG2 cells. The results showed that the molecular weight, particle size
and viscosity of polysaccharide significantly decreased after degradation. G.lemaneiformis
polysaccharides obviously decreased the levels of TC, TG, LDL-C, FFA, LPL and LPO, increased
the levels of T-AOC, SOD, CAT and GSH-PX, reduced the content of reactive oxygen species and
calcium ions, and improved the glucose and lipid metabolism in cells.The results of RT-PCR and
western blot showed that polysaccharide up-regulated the genes and proteins levels of related
factors in IR/IRS-2/PI13k/Akt/Glut4 signaling pathway, and had a regulatory effect on glucose and
lipid metabolism of cells.These results elaborated that G.lemaneiformis polysaccharides presented

the prominent hypoglycemic effect mediated by IR/IRS-2/P13k/Akt/Glut4 signaling pathways.

Key words: Gracilaria lemaneiformis polysaccharides; structural characterization; HepG2 cell;

Glycolipid metabolism
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Study on quality maintenance of polysaccharides derived from

Porphyra haitanensis on Litopenaeus vannamei during frozen storage
Lv Jinrun™?, Qi Bo??, Yang Xianqing?, Li Chunsheng®®, Zhao Yonggiang?®,
Yang Shaoling??, Liu Shucheng', Pan Chuang?®
1 College of Food Science and Technology, Guangdong Ocean University, Zhanjiang 524088, China;2 South
China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of Aquatic
Products Processing, National Research and Development Center of Aquatic Products Processing Technology,
Laboratory of Quality and Safety Risk Assessment of Aquatic Products Storage and Preservation, Ministry of

Agriculture and Rural Affairs, Guangzhou 510300, China

Abstract: To investigate the effect of polysaccharides derived from Porphyra haitanensis (PHP) on
the quality maintenance of Penaeus vannamei during frozen storage. The shelled shrimp were
soaked in PHP solution with different concentrations of 1, 5, 10 mg/mL, the deionized water and 5
mg/mL of phosphate buffer were set as negative and positive control, respectively. They were then
drained and stored at -18 °C for 30 days, with measurements taken every 5 days.The findings
revealed that PHP treatment led to the improvements in the water-holding capacity, reductions in
thawing loss rate and centrifugal loss rate, as well as prevention of protein and lipid oxidation.
Additionally, the decreasing of total sulfhydryl content could be retarded, while the inceraseing of
carbonyl content and malondialdehyde content could be prevented. Moreover, the physical and the
chemcial could be maintained, as well as the changes of pH, color, textural properties.
Histological examination and scanning electron microscopy indicated that PHP maintained the
stability and integrity of microstructure by inhibiting the growth of ice crystals. The correlation
between water index and quality index highlighted that water change showed the significant
influence on the quality change of frozen shrimp. Meantime, it was found that PHP could
interacted with water to inhibit the growth of ice crystals. This study is anticipated to serve as a
foundation for utilizing PHP as an environmentally friendly antifreeze agent within frozen aquatic
products while also providing theoretical support for developing low-sugar/low-calorie antifreeze

solutions.

Key words: Polysaccharides derived from Porphyra haitanensis; Frozen storage; Penaeus vannamei;

Quality maintenance; Antifreeze
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Study on the mechanism of alginate-derived oligosaccharide
regulating intestinal epithelial cells
Bi Decheng, Xu xu”

College of Life Sciences and Oceanography, Shenzhen University, Shenzhen 5180602, China

Abstract: Alginate-derived oligosaccharides, which are degradation products of alginate, retain the
inherent structure of alginate while possessing lower molecular weight and viscosity and thus have
better solubility and bioavailability. Alginate-derived oligosaccharides have various biological
activities, but intestinal protective effects of these oligosaccharides are not well-documented. In
this study, the effects of alginate-derived oligosaccharides on intestinal health were investigated in
multiple intestinal dysfunction models. In the lipopolysaccharide (LPS)-induced human monocyte
THP-1 cell model of intestinal macrophage inflammation, alginate-derived oligosaccharides
significantly reduced the expression of proinflammatory mediators. Further study of its
mechanism showed that alginate-derived oligosaccharides can effectively inhibit the activation of
LPS-induced nuclear transcription factor-«B (NF-xB), INK mitogen-activated protein kinase (JNK
MAPK) signaling pathway and the activation of inflammatory body NLRP3. In sodium dextran
sulfate (DSS) induced HCoEpiC and Caco-2 cells, alginate-derived oligosaccharides significantly
restored the expression of Tight junction protein, which was associated with myosin light chain
kinase (MLCK). Alginate-derived oligosaccharides can also mitigate colitis-related mitochondrial
dysfunction and restore mitochondrial respiratory function, which supports the maintenance of
tight junction integrity in intestinal cells during inflammatory conditions. At the animal level,
similar findings were observed, where alginate-derived oligosaccharides alleviated the effect on
ulcerative colitis in mice. This effect was related to a variety of mechanisms, including inhibition
of apoptosis, enhancement of autophagy, reduction of endoplasmic reticulum stress, and activation
of the MLCK signaling pathway, thereby increasing the expression of tight junction proteins. The
results provide a comprehensive understanding of the effects and mechanism of alginate-derived
oligosaccharides intervention in intestinal inflammation. This research offers a theoretical basis
for the development of alginate-derived oligosaccharides as functional foods or dietary

supplements aimed at maintaining intestinal health.

Key words: Alginate-derived oligosaccharide;Intestinal health;Inflammation; Tight junction integrity
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The hydrogel was prepared via crosslinking between oxidized sodium
alginate and bullfrog skin collagen through dynamic Schiff base
interactions
Chunyu Song*, Ying Lu*

1.College of Food Science and Technology, Shanghai Ocean University, Shanghai 201306, China

Abstract: The hydrogel was prepared via crosslinking between oxidized sodium alginate and
bullfrog skin collagen through dynamic Schiff base interactions. The sodium alginate was first
oxidized to introduce aldehyde groups, which subsequently reacted with amino groups of bullfrog
skin collagen to form dynamic Schiff base bonds. The resulting hydrogel exhibited excellent
biocompatibility and tunable mechanical properties, with storage modulus ranging from 0.5 to 2.5
kPa. Notably, the dynamic nature of Schiff base bonds endowed the hydrogel with self-healing
capability, showing approximately 85% recovery of initial mechanical strength after damage. The
internal structure analysis revealed a highly interconnected porous network with pore sizes
ranging from 50 to 200 um, which is favorable for cell adhesion and proliferation. In vitro studies
demonstrated that the hydrogel supported robust cell viability (>90%) and promoted cell
spreading. Furthermore, in vivo experiments confirmed its biodegradability and tissue integration
capability without inducing significant inflammatory responses. These findings suggest that this
biologically derived hydrogel system holds great potential for tissue engineering and regenerative

medicine applications.

Keywords:Collagen; Schiff base bonds; Cell adhesion and proliferation; Biodegradability; Tissue
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The impact of differential heat treatments on the protein structure
and digestibility of procambarus clarkii
Xuan Liu* %, Chao Wang®, Yu Qiao?
1. School of Life and Health Sciences,Hubei University of Technology,Wuhan 430068, China;2. Institute of
Agricultural Products Processing and Nuclear Agriculture Technology,Hubei Academy of Agricultural

Sciences,Wuhan 430064, China

Abstract: This study investigates the effects of different heat treatment methods (hot water steaming:
HS, cold water steaming: CS, boiling in hot water: HB, and boiling in cold water: CB) on the
protein structure and digestibility of Procambarus clarkii.The impact of different heat treatments
on the digestibility of shrimp meat proteins was determined by measuring the protein digestibility
rate. The levels of carbonyl and total thiol groups, as well as secondary structure, were assessed to
explore changes in oxidation and protein structure of the shrimp meat. The levels of Schiff bases
and total amino acids in the shrimp meat were used to infer the formation of advanced glycation
end products (AGEs) and their inhibitory effects on protein structure and digestive enzymes.
Subsequently, the content of Ne-carboxymethyl-lysine (CML), Ne-(carboxyethyl)-lysine (CEL),
and pentosidine (PEN) in the shrimp meat was measured using HPLC-MS/MS, and the results
were validated through molecular docking techniques and exogenous addition
experiments.Different heat treatments significantly affected the integrity and digestibility of
proteins. The various heat treatment methods led to differential oxidation of shrimp meat proteins,
causing varying degrees of protein structure damage, which in turn affected the protein
digestibility rate. The increase in Schiff base levels and the decrease in total amino acid content
suggest the possible formation of AGEs during heat treatment and digestion processes. Molecular
docking and exogenous addition experiments confirmed that CML, CEL, and PEN significantly
affect the protein structure of shrimp meat and inhibit the activity of digestive enzymes. Different
heat treatments influence protein aggregation by altering protein structure and Schiff base levels.
Additionally, AGEs can alter protein structure and conformation, further promoting protein
molecule aggregation and reducing digestive enzyme activity, leading to a decrease in the

digestibility of shrimp meat proteins.

Key words: Procambarus clarkii; Protein oxidation; Digestibility; AGEs; Molecular docking
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The influence of perilla and ginger juice treatment on the aroma of
roasted wuchang fish after freezing
Chuanfeng Hu" 2, Qiao Yu?
1.School of Life and Health Science, Hubei University of Technology, Wuhan 430068, China; 2.Key Laboratory of
Agricultural Products Cold Chain Logistics, Ministry of Agriculture and Rural Affairs, Institute of Agro-Products

Processing and Nuclear agricultural Technology, Hubei Academy of Agricultural Sciences,Wuhan 430064, China

Abostracts: [Objective]In order to compare the effects of Perilla and ginger pickling on the smell of
Wuchang fish after 120 days of frozen storage, the effects of different frozen storage time on the
smell of Wuchang fish were studied; [Methods]Perilla and Ginger Juice (PG) Group was
compared with Control Group, (CK) group was frozen for 1, 30, 60, 90, 120 days after the
changes of volatile flavor compounds, sensory changes, combined with S-curve, molecular dock
technology to analyze the hiding effect of Perilla and ginger juice on fish taste; [Results]With the
extension of frozen storage time, fish odor worsened and fish odor acceptances decreased. After
treatment with Perilla and ginger juice, fish protein oxidation was slowed down and the
production of fishy flavor substances was delayed. Linalool and fishy flavor substance n-hexal in
Perilla and ginger juice were close to the olfactory receptor binding sites of OR1D2, which
showed a competitive inhibition relationship. Lowering their odor recognition threshold made the
PG group feel better; [Conclusion]Perilla and ginger juice can slow down the protein oxidation of

fish and delay the production of fishy flavor substances.

Keyword: Molecular docking; Volatile compounds; Odor interactions; Frozen storage

63



2024 K= SN TANGE S R 2 AR AR 2>

The preparation, characterization of composite gelatin film
containing eucalyptus leaf essential oil liposome and phage endolysin
and its coating application on Pacific white shrimp (Penaeus
vannamei) preservation
Mei Yang, Yang Zhou, Shiwei Bao, Guoping Wu, Chan Zhong

1.College of Food Science and Engineering, Jiangxi Agricultural University, Nanchang, 330045, Jiangxi, China

Abstract: Shrimp are highly susceptible to spoilage during cold storage due to microbial growth and
lipid oxidation. This study presents the development and characterization of a novel composite
gelatin film incorporating eucalyptus leaf essential oil liposome (EEOL) and phage endolysin
(rLys), as well as an assessment the effectiveness of coating application on shrimp preservation to
provide an effective strategy. The addition of EEOL and rLys to the gelatin films not only
enhanced film flexibility (13.16%-13.42%) and reduced oxygen permeability (0.95-0.96 x 10-7
g - m-1-s™), but also endowed the films with antioxidant (DPPH radical scavenging rate of
67.14%-67.28%) and antimicrobial properties (complete inhibition at low titers and a reduction of
3.00-4.05 log;p CFU/mL at high titers). In the shrimp coating preservation experiment, the quality
of untreated shrimp started to decline on the 3rd. In contrast, the pH values, total volatile base
nitrogen (TVB-N) content, and total viable count (TVC) of shrimp coated with the composite
coatings on the 7th day were 7.28, 154.02-175.08 mg/kg, and 4.34-5.34 log,o CFU/g, respectively,
remaining within the limits of the Chinese national standard. Furthermore, the release of EEOL
from the composite coatings resulted in thiobarbituric acid values (TBA) of 0.19-0.21 mg
malondialdehyde (MDA)/kg on the 5th and 7th day, respectively. Additionally, rLys in the coating
significantly reduced the numbers of Escherichia coli 0157:H7 and Salmonella enteritidis in the
shrimp body by 1.04-1.06 log;o CFU/g and 1.13-1.14 logig CFU/g, respectively. These results
suggest that the synergistic effect of EEOL and rLys in composite gelatin coating, especially the
Ge-EEOL-rLys60, can extend the preservation period of shrimp to 5 d or even longer, providing

the possibility of maintaining shrimp freshness and safety.

Key words: Active packaging; Phage endolysin; Essential oil liposome; Foodborne pathogen;

Coating preservation
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The preservation effect of agar/sodium alginate composite films on
refrigerated Beef
Qi Bo, Pan Chuang, Zhao Yonggiang, Yang Shaoling
South China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou, 510300,

Guangdong, China

Abstract: [Objective]: Researches on the refrigeration and preservation effect of agar/sodium
alginate composite films on beef were performed. [Methods]: Fresh beef was wrapped in
agar/sodium alginate composite films with different formulations and stored in refrigerator at 4°C,
and the refrigeration preservation effect of agar/sodium alginate composite films on beef was
studied by measuring the antioxidant activity of various film materials, the sensory scores, pH,
color, TVB-N (total volatile base nitrogen), thiobarbituric acid value (TBARS) and total bacterial
count of the refrigerated beef. [Results]: The agar/sodium alginate composite film crosslinked
with ferulic acid (BiFA) has a DPPH free radical scavenging rate of 87.78% during a 10 day
refrigeration process, showing a good antioxidant activity compared with the commercially
available PE cling films ; The agar/sodium alginate composite films crosslinked with the citric
acid (BiCA) and BiFA significantly delay the increase of beef pH, TVB-N, TBARS and total
bacterial count, and the beef has a more stable color and higher sensory scores; The preservation
effect of agar/sodium alginate composite film without crosslinking agent (Bi) and PE film is poor,
and the beef deteriorate after 4 days of refrigeration due to microbial action and lipid oxidation.
[Conclusion]: BiFA film has the best preservation effect, and compared with PE film and Bi film,

it can extend the preservation period by 3 days.

Keywords: Agar; Sodium alginate; Composite film; Beef preservation
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The regulation of cassava nanostarch structure treated with malt
endogenous enzymes and loading behavior for anthocyanins
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USA

Abstract: This study utilized native cassava starch (CS) treated with malt endogenous amylase, to
regulate the structure of cassava nanostarch (MCS) and characterize its structure and properties.
SEM revealed that CS were hydrolyzed from smooth spheres to rough fragments. MCS (515 nm)
was obtained when CS was hydrolyzed for 4 h and the crystalline region was intensely hydrolyzed.
Furthermore, the solubility and transparency of MCS were increased to 81.37% and 76.8%
respectively, and the swelling capacity decreased to 6.62 g/g. MCS exhibited no obvious
gelatinization temperature and maintained a low viscosity state (about 100 mPas). The adsorption
efficiency of anthocyanin increased from 109 mg/g of CS to 226 mg/g of MCS. The adsorption of
anthocyanins onto MCS conformed to the pseud-second-order Kinetic model and the Freundlich
isothermal model. This study may provide new ideas for the green and efficient preparation of

nanostarches and a promising activity delivery system.

Key words: Endogenous malt amylases; Cassava; Nanostarches; Anthocyanins; Adsorption
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PR F AR IR (KT (0.4640.000 B35 = T IR4L (0.4240.01) . PKA mI{git %kt
U F 4 2 EVRERR A A, T DR IR B TR T U S L B R AL . PSRN, SR B AR LA
1 ATP &5 PKA J& AP Gl 1 /K2 50 B R B IR AL /KT IR DGR R 32 . ASHIF 70 ] 9 4R B
B A0 it R AR AL 5 S SR SR A R R AR A

KAl DAt WURLHEER; EARERNK: EOWHEEA; BkPRE; ATP
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Cobetia amphilecti il M 1) 1] 28 K w15 5 h
i B8 I T A = 4200 1) oo LB 3 PR T 5
AP, HEE Wk, ESE R xigE e
1 KERERE, LTHERET, 116023; 2. HESSRFRIN TGRF ARG HILE RO H.0, TTEKR

T, 116034

WE: [HM] WERERRE (FUC) fE—E0 TEHENES RIFHI M MG, A
TR T E 2N T — RUE R 67 B FO0R A RS R L, 8 HEm 1R T 32
HFSMHE. [J7i%] LA Cobetia amphilecti HN-25 Sy F i B Ik 52 HUE) 788 5 i I i i /i »
HATET S FUC HEAT PR MRS 2R 7 757~ EXF, #t— 20 B 4ifh 3 8] EXF1~3 =AM 4,
I AR K STZ 5319 —AURE R (T2DMD /INBRGHEAT [ 1 I B WL 78 . (4551 ]
PS4 REH, EXF2 MR AR A MK T2DM /NR 2 IFIKE, 5% T2DM /M R
(R SEA S B RE D AR AR 0, AL 4% IRSIPISKIAKL {7 53 i 5 5 55 R 1 1) ik (R 3k 24
BB RIS (48] BRI R ARE K FUC A AR IRH T8, H EXF UK
EXF2 5 FUC AH LGB 5547 1) B fUpE vE 1

RBEH: BEEENERIIRNE: MOSNAE: BEFEMF; FEILE; T2DM /R
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CS F: 55 & Bk AL A B8 it 1 O N FH S At
Tt i

skfl, BN, AR, EFEN, RhESR, FME

EhE RS, TR, 121013

FE: BRI AL, AR IRE . SRR R C B A2 K.
M5 RBE(CS) A A RIUFIIBTEE . AEWIFEMIE, CS RO M TR dhiTk. H
M T H#— CS 7 VB HUMGR LB, PTRRCRELZE, LK, KT CS HEH AR
it H a2, FELEE . Rk B BRI S0 2 e S A I KA R P
PTG CS ARy 22 RE, $Rim CS UBEIRIITIReE, o8 HN Houk. JoH
& CS AR SHEYIZHE . EAFAERAEMNE S, MR, K. EERH. wh. 7
EOBEA. PR, LR CS AR LI LU ERE, o HAUPERE, 1595
HPUH AR« ASCHE AR 7 ANFSRA CS 38 &R A A i £ i v N O BE FERE 8, T
N/ TR AE BT ity DR AL U 1 BT B B AR 45

K. FoRNE; AR MMERE EAR
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DHA-ENG 2R BEXT 2 M B 0 7N BT B Ak
F KL 53

FAM xIhR, Bk, L55

K=, WREMEOTT, 570228

PE: 2V (AKIDZ B E IS L EE . 2RI EFRA R 2R 51 2 F ThRgia

OB FARHEUREI D, C SO ABRER AL TR . SRR SR BN S R
LR AEYIETE. SR, HATXY DHA-MRE R (ADT-DHAS) 7EBGEINES T 16 Sk B B
I T o AN B I I 58 S AR AR RS« B H ORI AR R ARILKTE Sk
JSL A S AR REAR U A 2R 5T T DHA-IN S 2 B St B 4 /D BRI B R . S5 3R R
H1:AST-DHAS V&7 1T LA 35 555 B Thie , 180V JIEs B A 450 05 A1 B A RE 8 B4k, AST-DHAS
AOFRIE 2% LA GPX4 A1 xCT BRAE A% L AR A RIA o [ IR 4% /0 Hr kB, AST-DHAS
IR T A DB B R N AKIL. 25, AST-DHAs & —FhAEIE 2R AKI 7B AE i
BAN

R . QLB DHA-IRE R BRSBTS
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DME-PHMGX/WPU #8 XX i X I 1 i) 8% A H
{RAEE M BERT 7T
A, O, "%, 2=, Ex, Vg

EhE RS, TR, 121013

= [HM] ARG SAER R i R E MR . L7721 DRSSy
B, KVEREER(WPU) N, 7%+ (DME) LRI EE K7, 1H, 1H, 2H, 2H-
BB = SR ERE (PFOTS) WARR M RE LA, 7S FH R L ER % #h (PHMG) A hi i 77, R
PR Bl 4% 7 BAT B K P BE R XU (SA) R, I DA #0100 P g Rt RGAIE 1 3
PR, (45 ] Z558%Y, £ PFOTS Mtith/E, ML BA MaKkg sy, ¥
TR S (MR . B PHMG [ & A 0.6 g I, AT AL B Mg o B,
DA JI5E g B8 125 s ) 2 ) DR A Aok B RTA RRE 2 g i . #8 fy TVC. pHL TBA F1 TVB-N 75
FOBE WR A TRFRAR I T B L5101 AR 5 1 46 14 0Lt D% JE m A 280815 L i e ok
P2 B TR SR 1 SR

REEAE: KMERENG: B M, P, e
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H, 0, P [FIEE 5 [ i 2 SE Tl 1 22 ) 2 A R
T/ B B T4 A P8 E N A B
AN BB WSCE', SE
L BHpErE RS, BHfETT, 2013065 2. b K™ bt T R TAEBORWEFE oy, 13T, 2013065 344K

KB P2 S pe AR 5 5 B 22 4 MUB PR A S8, LT, 201306

WE. [HI] AWTTERIT HoOp P [FIHE 75 P AR AL BEX 2 SEAf 7 208 (ESP) Féf MW 35 1 1)
M. [7592:] SRA Ho0, ThIRIEE 75 BEfif ESP sk13 &M 2 0% (D-ESP) , B HHMTEMINE
QLA A A RS PR PP . CAE2RT S5RR I HLO, W Rl 7= PR 15 ESP X Bl &
B, T RETEMSHRTT, EHE RN . D-ESP RILH RIFH o %4
F BN YRR S AR E N, JRE (L IR-HepG2 A AIBEACI K- 4k, D-ESP
R 36 o A AR L KR O KPR S W i A 2R L, 3E T B IR 30 1S FHE R i
PRI A 25 53 1 2 R PR/ SRR IR /K. D458 ] SR BTk, HaO, W [AJHE A e 51
2 W SN RFALE AR A T S 22 09 5 A 88 ) 1 Bk AL 3 e SR BRI A 20 I 2 W 17 1 v
(10 Zh BE P B b AN DR A i A7 LK H B A (L

REEF: K H202 hIrjdFs s PRl SERM0RAL; FRmopE I
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Hepg2 1 Caco-2 4iffIf AL~ Ca®* -4 KiE -
2 20T 3D 1B fa BE T LA 5 I 18 i 11
S BELH)

EEN L, MY PRyt

1 TR, WLE TN, 315832; 2. WM AR, BME =TT, 572022

W N 7 LG GRT EVCR R RE, BT T Catt-ahRiE (NS)-I 2 3K (L)- fa BE (3 Ak
AEYENE R IR, 255K, Ca® -NS-L $m 1 B B om i AN B s 454, T
w7 ABERATATEN Y. TR R B B 2 (10-OH EFTRISLHuEE, ARk A bk, ik,
Ca®™*-NS-L & & EE LA BT ELE R (DPPH. ABTS. ¥2Jk [ st Fe® 10ik
J5 45K 42%. 79%. 65%F1 0.104 mg mL-1) . Ca®*-NS- | -fa fEif i it keapl-Nrf2-ARE
BT Nrf2 K7, (R PLA A BEFE K R IA(SOD . CAT . GSH-Px B 45 14 41 fu 14 jin 30-180%),
RAE NI EACVE T - BEAh, 5 NS-L AH L, Ca -NS-L-f BE % H- 8 25 (R IS R 19 I T 20%
FETHI /K VR F 3 i m] RE AR HERE S SN I 45 &, TTbsR iy B 1E R BLIRIN & 45 B i
GRS G R AT 1Y) B Y LU TR S0 ot 4 o 5% 5% P 7 e b Bl v 3 B RO 5 RN R A
Ba, SRR, Ca¥ bR PSR A (CaM) JIRIE, 5 CaM 45 & T
Ca?"@il, At AL, 4 BTk, Ca®-NS-L 19 1 4 58 il §T BN Al E AL,
T3 T FIHTEN T e fa BE R N A

KRB DIRESEIK, AIHTEME, SrAietE; BB, Ui EER L]
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MOF %A% B 41 5 IR 24 X 45 & 1 LA
BT AT AL

?%Eé; 1’2'3” :—E‘Dﬁﬁ 17 }%é%‘é/% 112’3’ TEE 123

LHNL RS, WL s, 310014; 2.4 VR GRS B s ROT R B AR %, HL& i

T, 310014; 3.[FZUEHE K SN CEARBER L UMD, WA, 310014

. RETRIE . HERIK) AR o L ) WISV R R L AR SO A LA
LA R G B ANMEL (EUMOFS) , 456 5-FOLER R RN L 4E R, TT A TOUILR
el T f PR P 1A SIS T AILAL I e ] 482§ EUMOF FOF% A P i RBURR P B 28 3RALE
HA M ORTOCMN . RAFFINUMIERER BSOS Bk, BURALTS A TERE . A2 € TEANHT
THUMERE ST R AETHLS 3D FTEN AR 1 Mk B w] AE 20 min P52 5 e A% 510
BRI RN (. WM =) RGN . 1245 G K Z1 ] F AR 9120
WU 0 S E RV RT R BE o SR, Dyt D4R m R 1, A T AE A 1 YA 2
R (CNND BERR AN o P I AT A I ik, I AR A e S 2o 93%. fELTSHAE
EE, ResNext-101 BIAIZENNKEEHIEF] T 98.97% ) mifEffi . XLLLIR 2 | EUMOF
FOCALIEAS IS CNN PR B 27 ST IR SRR 25 51 Dy Sy 0 81 PRI 6 32 7 32 1) T S Ao A 4
FAE -

REEH: EUMOF; SufRIREES; MIHEERE; AL IREZ:)
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pH. B 155 TG B X f LBk 55
Pickering L1 45 P4 1) 52 1]
FEEK, HRME, AL, EHBH

HERARY, WMEEETT, 361021

. i AERE H (bighead carp myosin, BCM) E.# ¥ O/W £ Pickering FLIRHITE /7,
SRIM pH T30 DL K TG B il f JLBR & [ Pickering FLi (Pickering emulsions stabilized
by bighead carp myosin, BCMPEs) HRPE M M ANE R . L, #8707 AFE pH. B 1R
A TG B X BCMPES BRALYERT . SOM SRR 2 PEAIRZ M . pH 3 A1 5 I, BCM JLikk
B0k AL, AR AER AR . pH 7 i, BCMPEs B B/ MR RIEHR 1 2UEHE 5L
AR TR AR FE . pH 9l 11 1, BCMPEs (IR LRI, 1eAh, KT
3% (200-400 mmol/L) ', BCMPEs (Hife K HA 5 KA. &5 600 mmol/L
i), BCM W] RAF IR B AE K SR, LI 20 8 5, R 2R AR, m s TR

(800-1000 mmol/L) T, H1 Ui A S0 BERE S i i BCMPES A7 5 iy 0 86 B A i e
)5, TG BEMSINAE LR, 1£ TG BiEEA 15 Ulg I, FLIBRER R 25 -G /K A i 5 7K
MRS s, FKREJIoR. FLIRBHR AR 71 3D M4 Shf 3 T R E A TPA k.
g BPnk, GIER pH. BT UREER TG & 1t vl $2 s BCMPEs et A TABI T4
J'& BCMPESs £ £ fits TV H A AR T BN

A NIREA; Pickering ILH: pH: BT HE: TG i
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pH/RE 53 2 FLit FEL 97 22 H8E 1 1) 28 S H X
B SR R A ) 0 ) L 2
oA, REE, RS, K65, W, BKE, R, MK

EhE RS, TR, 121013

WE: NSO PTRGI IR R, REDTRTERE R4 IR s A ARE, SR AT LOE S %
FAZ-Te 85 K BT 4 10 R i tE 7 22 B2 — DN R % . JE LI 97 22 (IR N & 22
W pH, 535 R R B IR ML A, R — 2D ik 2 78T A W i) 2 FLIEBNY
REABEHF 0722t XL BERTEREREAT 7RAL, W5E T 2 UM BN . BALIERE,
IR T2 FUBERS RSB R M A B LR . Z55R3RTT, pH SUM RN AAR o B . R ATl
TR, AR YERIS R AW RN 2 LA, A2 E5RE0y 5043%0, LR
5o QUSINT FHIY 2 AU B S, AR B R R, AR S AR g
FRi . MuAh AKP VI RERM, MIA ATP BRVETER SRS, 0] T AR 0 A K S .
AT T R] A ORISR B bty B U BT A0k 1) S P SR 1 — S R BRI AN B AR ST

KW ILAYE; FLPIE: MR TED
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PostbioY DFF-3 X % R.AR . il ;5 NBRC
14164 A2 55 AZH B ANC 3681 585431
g E B H AL

KPR, BEl, BEL, S, BRE, BN

F AWK, WAREHE R, 266109

#Z: BEFL 1 postbioY DFF-3 X vl 1y vl AR 5 Ml 5 NBRC 14164 12955 NSl # ANC
3681 MHMHINLEL . EANMIKST I, SARAFR R L, 25 5 AR T A 3 A % AR SR B
NBRC 14164 FIZyE AT E ANC 3681 [/ MR ESr 710y 3.9063 puL/mL Al 15.625
uL/mL. Bb4h, Z55RH], 54 ToA Rt 7 AR R R, 2k T 40 DNA ISR,
T AR R EIE N . ERSRAUKOE, AR EOREEEE . AeRRI. DNA A,
A IR 45 & A IE )5 (REDOX)ig /42 2 2 R if. R, PhnA F1 A1_GMO000335 %X - iff
TRAZATTREE 43815 P RO B G4 T S5 PCR (QRT-PCR)IGIEFEFALE R . %
50 i AE oA 5L L I B NBRC 14164 F1295 A BT B ANC 3681 $4it T 8 i B ik
i

SREA: it ST WSLEURILE: AIREIRTEE: BT
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V B Z fLEw SN g iR 5 UK
fie T B 00 B SR i
HIPH, ERNEE, e, XI5

JARMFEER S, JTRE LT, 524088

WV AZALIER Mo R AR, DRI V RIS SR SE AN 2 LR, £EK
I AP R I H 25 S TR IR 5 IR SET I RICR o a8 2 FLTE R BB PERE P R PR B 7K™
R VE TRy, G, EIRSRALRIAE, RTINS, Y. R, VR
FLVE ) 22 LA R I BE R P R BRI, sl D /K7 b PR S R 5T, 18 o UBRARS A . )
bb, VBRI FLEER NN B BE o AU SRBER R G5, S REKNE, FRIRARE IR
B, SRR P S RSB . BRI, VR AL AR KN T B R B O
NSEBUE IR IR B 5 RR T (OO SRS SR (3t 7 0308, A R 1R A5t

KRR VR IREE; ZALUERY: SR AR B SRR
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A8 S SR A A AT K7 2 1 4 T PRV 70
TR, BN Y, BREGRZ, A

LAEEEKFRRTU, fEEE E T, 350002; 2. fEEITE K%, fEEAHMEMAT, 350000

wE [H) R ERRLUE (Nassarius semiplicatus) 44 P 7] K # 2 (tetrodotoxin, TTX)
AT RELB B MRS, (0775 SRR (i - R I BT 1 vk 20 M A i S R 2 BB ) B e 2
Ji, IR el AR LA TTX AR S TTX - RE SGUBAR N (AN B B TA 454, RIS DA
B TTX EREZUR T > B IR A0, H FH B AR AR € - R B0 BT R v 0 8 4 1 1Y) TTX,
Fri 16S IRNA BORX ™ TIX MR W AT EE. [FHR]Y ERER, & TIX L5803
EAREIE] TTX. trideoxy TTX. dideoxy TTX. deoxy TTX, A% TTX LGU21ARN R &
dideoxy TTX. & TTX ZSURIIHEE 8 T A TTX L1805 (p<0.05); AL ZSUR &
TRAE B S TTX MEH, JUEE (Vibrio) WA ATH B (Psychrobacter) fE4 TTX
YIGUB AR R B i T A TTX 24808 (p<0.05). & TTX ZILUZ 4 B R Ik 56 &,
9 MRS TTX MICH, GlbsizlE L TTX A& 10.43~229.72ng/g, {HZWFIEKALE K
PAE TTX: &%5E, 9 bR TTX G 73 0 AR & 5 % J& (Pseudoalteromonas) 2 k-
7 FLIGH J& (Shewanella) 4 Pk, #H A (Psychrobacter nivimaris) 1 Fk. R EE AT
(Tenacibaculum lutimaris) 1 k. 3EHCFEIFEIERE (Planococcus rifietoensis) 1 #k. [4%
wY SRR, NEE. ERATEE. BB W E. A CIRE R TTX HKEIFA
AR TTX, XA 55 PR SURAR N TTX [F RV EHTEY IR )& A 5.

Re@A: FRENGUR; WIKEER; RS 7 TTX Bk
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DK ADH i IR i 128 A 018 RS 14 AT 453475
TR

WL, BRMES Y, TR Y, EAEH Y mink
L REFERS, | RABMILTE, 524088; 2. B N0 THE AR 73 H0 GEYLD) , T ARG, 524088;

3. EMEHERY:, IREFHHT, 266003

WE PR (ALD) CBCNABRMEME Rk . CREMERE (ADH) TEE R 2
R A OAE R o WA AN [RBRBE DU A VS PR T 45 2 007 . AT BETE A A
ADH % 1 F I BEDURURS T AT B 05 1) 22 Bk SEEUX PR TU2RVE AR, SR A K S S K i
BRI AW o AR, JELRE RTRLUKAR . AEWE BTN, x4k, RINSHT
IR (SPR) A4t ADH WUFIETERIE SRR, WIS ADH BA 5 EI45 &6 /1)
Z % MEL, H 4 IDQSILTGESVSVIK F1 LQPPR Ji e, JEILH 23 114~ ADH B fE
J1o AE LG SRR MEFF 5 /N RS 5 HepG2 A A AR 3R AL pr, I 7 4% ik B
#4535 ADH 5 SOD Mg i, $2 7+ GSH /K°F, [FRF P& AST. ALT i544 &% MDA, TG, CYP2EL
i, ARCREPUEACROIER, R T I SR

R ADH #uEIk: RS E IR (SPR) RS TEIHHI0: AWME B
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AR i U T PR A P I 90 12 255 R B OK U T i J
i

BXBH V2, BRI 2, REEA Y, AEEA S MW, RFN S WRE S, BUKER Y, BRMEE

1. LRl RS, LT, 201306; 2.9 [E K =RF LR A B R IREK A ST, TR M, 5103005

BJTARMFHERS:, JTARAEINLIE, 524000

B WEIIT 55 5 7R AR AR 48 5 2 B A S P R P 15 Yt IR B AR R (R
Y& AR IH T R 1 2578 o SRR TR T T R AR A P IS K R 5 S PRI, A X
R SRR AT RSB 1 A 1 AiAb DL RS E, AN SE B ARUE AR B AT S S AR EI R o-TER
B, Koy EAM. RS, AERAR. BRAERSRNEL. sREH, 5l
FESHE I AR BT IR AR P i B B . RV TS, SER RS AL B G EVE , SROR I
G 165%F1 121%:; JKArE &, SR FEERRAS BAE R M I A & Bk R0 BT
fah, g KIEHE S 5 6.79%. 39.27%. 71.43%F1 300%; HEHE. EEHAE ARG ELE
TR, BORPEIE S BN 55.95%. 71.69%F1 29.64%. #%1f FL HH A5 4L e INE i, BEARTE
BRRE—EAEN, BRI EWSH K.

R MBI > EEE, WA, SR BEEE
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UK T OGS A PRI e AT 8 R )
SO B BT ANV R I DTk
TRV, A

ferpeRal K=, 1deE I, 430070

FEE: ZHT T H 2 0 UK oot P BB ASG FIAL 2745140 o A SR T #h i B IR
FRE (LND BEEAGIESE (—80. —110 Al —140 <T) XFEfafa PIvKE . MUk fE .
FEIK A7 B A BRI R UM S5 A6 (R 52 o 45 3R B, 3-7% VR B i i IO FE S 423 110 T
BURIG, JVAF4E N T E0K G THAR B 0T HAR AL B (p < 0.05) o 3-7%:#hUR BEJHE il iR
SRAE A VR FE AR R BRI, FEAE-110 T IRV R UK RBIRTH T M IR Hir i
SERPEE L TR FE ROV SE UM RE . EAh, /NI B A UK @R FEAIR T K 43 Bt SR O, sk
TERAFRG, AR T EARKRES. &R, BERMEIIRE (3-5%) Fl-110 T
(VA VR I RE AR 3R 7 /N [ OK S T A, 5 T 8 PR RO ML e A0 2 1 R e 1k

KRB Hfh; BRI, RIS R UK HUBIERE
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AN TR R N TR o) B8 3 RS 1 S 57 i IR
i
FEENR Y, TSR, RARWE L g, MESCIE

1 BV RS, BT, 2013065 2. [ ZIRAKAKPE Sin CHEARW &40 (L) , LT, 201306

WE. [H] AERTUR A 0 RREE, 3SR AR &I (] 5 R H B IR oK AL
[J7i5] 3EH 20, 30, 40, 50. 60. 70 734357 [a) 7 ORI E 7 s R B TRk
s EERRR . EWEEIRUSIERVEACE I (48R 45 R W], B AN 8] 2%
s H137 h ME IR ) R R (p<0.05), AR AN (B 7E 60 min I IS . R, REEIK.
BRI RN BRAE SRR IR DL IMP S5 Rob H R & B 4 2 v 1 g ]
R (p<0.05). [AIIN}, JEIL GC-IMS %€ R H 7 1) 46 FRRAL &4, T EAL RIS
K, HARMAE R 60 min J5ETAE . R YT GG 1R A 18] 2 200 8 007 (KU i
TRV R A o D458 Y AW TCNIRTH iz i E TR B S ARG (4t T8 i, JF
B2 T RAER R A

R B BN BRI XUk
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AR 58 77 20 R 56 I X HNTE 4°CH2 i 2% A
NN A e &y Ak SR RIN-ALT

SRR VP, ThERAE S, RGBS, BUKER 2, WRON Y BRMEE ? # it

LA RS, IWARETF DT, 2660005 2.7 [FK ™ BHEHT T Bl K WAL T, T R%&) M1, 510300

FE: S ERMN T R BREER I, NFFRARRI5ETT O EMEAE 4°CIe I LA
BT S SRV 2 . A SCULRE 56 WA Foxs 5, i D A e 0y X (L%
e, Wik, B, VKR JREMRIONEE R, JEEERR 3 IR E LE 4°CIE IR AR AL
bR TEAR . SRR, VO URACEEATEEAL BEAH LIA B O S5 A IR, DRRAL 5 5 IR A 22 AN
Ko Wbhb, FERBOYIR % A5 RISk . . Ca*-ATPase J&1E. #isEMH FF&. TCA o]
VEPEIRAIR T B E LTty RPNt % 43 SR S s 5 2L A I 300 1) B 1 5 A 2 B AR 1
=Fh5E Ty I AT SR M R TR, Hrp ORI IIAL R (M e B, B LA
PN, XL R ILAT U LA 3R R IR A

R R7eUrs MREER: G LR
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ANTEIGE R X A 1. (Cobetia amphilecti)
P R AR R ) o PR i J5 52
Eore, i, B

KIEWFERS, T4 KET, 116023

wE. [HN) AR (Cobetia amphilecti) i T B4 i F) F RN 4 GRA 18

(07 AR 70 UK 21 bk 0 £ 15 R0 1 57 B IRIRE ORI SRR, 2B B8 SR E AN AR,
TR TN [FI RS PG A AR PR A Xt B AR S B i . L5 SR 1 R 20 e £ e PR 4 5 S R R
8N 2554 g/100 g, JEWIIR & &y 21.34 9/100 g H.AAMIFI GG ER 15.77 9/100 g N ¥, £
BB 2L B E R R R SR B, (R OKIE R 8 & 43.6% 233 T (P<0.05) #h
R S & 34.9%: 8%IMIUER RENS 2 3 GBI P BRE IR AL 0T, b R Pk Ve b IR TR
HRE SR FE 4.22mm. THIEE 5.47. /KT 85.10%. & IRE 0.41%, T H k.
U451 1 VRN 8911 F2 PR ik e Ko i IR TR {02 25 1 £ veobon fick £ ¢ PR R RSP o 5T

REER: MR, BORE BURRRE; TER
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AR 3 aSO 2O A 2 B it A ) TR RSCR
i

LI5Zs, s

K=, WBREEOTT, 570228

VAR, IR A 2 BB O SRR s B P T A RRE M2 B T2 O . BRI

A BESZ 2 T INPU L R TR i TR AR s R tE AL S R A 45 A ae )
A RO, B, FATRTE T AN E TR I b s R TR IR R e, B
TEARACTRFLALT= G, AT B v o BE ) S R s P e, 2 L BE 1 5 P Y 9 P4 o S0 v i3
i (HSH) @A I (UB) FIE it (HPMD AbEE, CKalii K 5164, 2% K5 5
BRI 0.15% K LF R (EC) SR EETILARE B TR (EGCG) BE, TRt EN
TR R o I Z By TRALAL AT PG TE AR T PELL HPM b5, UE RZ.
5 UE M HSH ALPEAHEL, HPM ALBEE 2558w 1 FLIBOR B, Bl 1 WBRREAS, 90 1 i &
T 2 R B, AR T LA AR . M4k, 5 EC FLBAHEL, EGCG FLHEA FH iR
HEREENRRLAS . Rk, HPM 232 s TRALAG I AL PERIAR B A 2 F B, H HPM A
B 513 EGCG Tl A it v e 51 e £ BE o &2 1) T A7 1 12

KRR ISP PR A, PERCR: AR e
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AN TR H e FE N K wr LR 2148 8 v N A
Bz Su AR FLIRER AL Jog B 52 0
Wi, S FHL, (R

HERARY, WMEEETT, 361021

B AT H A I H v ) 4% T DK UL 2 4 R 1 RORE (MP) 14 751 P4 A B2 o R LK
(HIPPES) o 38 1k 78 N AN [F]3A% F52 1) H it 48 vandk 24 5 1) % HIPPES(MP i 52, c=2%, it 73 %%, 270.8),
FAF FLFLR AT« PR DA IR AR SR S A TN 52, 55 0T AN [ el oA B3 %ot 2 e LR 4
Y25 HIPPES MBAGIE R e . LRI BCE AR e M4 IR, RUS I Hhes, LRI
BEAIG . S H MR E N 15~30%*0, FLiifase, HISMWARERIR . Bl H R ik,
FLI S U H Zeta HEAL 480 EZE TG K, M HHIREE Y 30%, Zeta HELA 4% (R B K
[(22.5740.29) mV], Kifei/), FLBAGEVERLT. oAb, WS LY, HIPPEs 1) Gz
KT G", R ESIEH, BEERIMEEN. &5 LR, Wi maR Tk
T MP JE SRR e AL R
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AFSLE ) B R A KB 15 1 0Bk Fr i) Al
SV

A, PR

AR, TTARARITT, 524088,

W ARSI TR FLAR R B & S EBR7 HORHN Fr 1 &5 vE LN, %A B
ErKBERING Fr )75 45 A R RN I M iR B, e e, BT, %
TR RIR 3 2SRRI, K AR BRIR I TS PR W R e R T BE FR 5 RN R 3%
Ml B H i RIS #3 CMCIOSAINAR | TEA 7KEBEIR NG Fr o A< B S 1 15 2 R 52 8 5 4
MHFEERRANEC L, A KB OR G ) A BRI FLER Z 57, JF5 5 TOKBURMWIES . B
SPERE WEARTERE. DROKPERE . FRMRTERE K 25 WIRE UL RE MR R AT B SE 56 . R4S
DU A [ FLAR A AR UG B A RAF IR 22V e AR R 5 0, AR R 2 U A % 2
BT

KRR KB i Bl Wi ZRESUE
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AN TR BRI 075 ZRTAR BT 8 R AR BE B ) 5
i) bb 5
e, EEDG I, BT, AR EOK, AR

LR RS, VLI T8, 214000

W= ARER MM SE. ERFENEAOTCRE, @A & BERnTER
HEAT 3N, AEHCTS J5 SR T ARG R 2 R R O N BB T . DR, ARSCIR T8 &
W AR RN T AR e PR UK TR AR A I P LR, @i GC-MS. GC-IMS.
HPLC %575 s S PI IR . R MERURY)R (VOCS) Ui S R . W B BRI AT
FAE. ST HAbE )G, JEAGIIH 72 Ff VOCs, Hog 20 Fife. 5 FhER. 20 Filis. 7 FiZuIf
WA, 12 FREELL S HAL: SRR R 1 5 bl T AR I 035 R R AR RAE
1% (15.87 mg/100 g ) FIJLH R (164.91 mg/100 g &4 il 34 i 2.8-10.3 mg/100 g Al 14.4-105.5
mg/100 g. AHFZ T HAHIN T 70, BT Rk AP TR, A REfeA B+
8 PR RUBR R o

SREE: I MR KR RITER; Wk
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AN RS AR 22 SE B K o 8 R I I o 4
J AR RN B3 T ELBEAIT 7T
FOUL V2, RLHaE V2, BhAR V2, BUEA T BB, AFEIES?, RE LS
LR MARY, AN, 350002: 208 &45 Cile v i LR E T BEAE H LRI L,

BAaM T, 350002; 3SRIMIMTEARE, Hada RN, 362300

B VAR AR IR AR P 1Rl AT SR &R EE (CMD . 2%/ ZFE (EE)D
MRENECKE (EH) =25 FA R GBS f mippElE (LYPLS) , # pisr b AL
FEH TRWTRRZALEL. MEFERAFE RS . SR W, CM $2EUY LYPLs AALFRE i
i, whiifE: EE $8HU% LYPLs i 2 AMIAIRNTER (PUFA, 63.73%) & &fkm, (AL
FEH; EH $EEUG LYPLs R AMBRI B ER (MUFA, 32.10%) & &, (EXR IR Fie
WA JRIFRTE . eAb, 65 PR BURT 47 FiE VAL S WTE =2 LYPLs h Z R 3%, CM A&
SEACREREAR, E77 4 T Rk B IR SR (63.53 ng/g) FIZERTAY (513 pg/g) 5 EE A
R R BEA LA, B4 Ak: EH AR IR IR MR . ANHIF 9T 9 LYPLs 72 £ Tolk
(1 82 FH B (L it

Rl K@M, WAL Al BERAY: FERMEEY
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ANTR] 7K A i 40 5 1 KR B il 2% S LT
Hes B KRR RAL It

RIEIY, ZFIE, BRBEE, Wocan, Mg, miindk, #=/hW,

KR TR

JARUFEER S, JTREMILTT, 524088

mE. CHM Y AT LB L A SR, R ACTICER P /K AR 1) 48 AN [ 7K AR P2 (B £ 2
FUKARYD, LAWK RRERE X Dhfe . BALRSE R RE ML ma.  [J73E Y St Il s T ek
FUAGKE. FEKME. RRE. RIEMESEThEERE, DURREIBUKIE. MR, zeta AT, SR
BRI TR FH FIS5 B R, IR SDS-PAGE. FT-IR A%ttt . (45
Y GREW, ARJNEAMKEEEEE T APH (IR E. TEKIRREE 5.95% % 14.46%3
W IR AR ER R TR AE 1IN 62903 51 25 138%, FLALHE JI I FLIB A i M 43 i 19 &5 37.53
m? /g 1 40.95 min. & B 7K AR B 15 70 K/ zeta HLAGT, 389 NSRRI /K 14, SDS-PAGE
CAIRTRYIN (33 RTE S AU AR VoA IND A (51 oA g 4 ) oid - S L (V.
Tt . WA RATTERY, KM SR, (450 ] 7RIS K
AR FEE T 0 1 B T D RE L BRAK SRS RIRI N, D R B S SRR P 1) i £ B KRR A )
REPEA PR T HR SRR S e R

Kbl SR e; REIERER: DhRERE; BARRE; ZMERAE
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AN A RS B ¥ e DL DL B e P e 1
5
B, B, B

KIEWFERS, T4 KET, 116023

e [HY A RS RIS 6 U BERE R rERemsem . [7iR] B 1% &
SERL IR NS B UL DLBE, 4e8iHE. 45°C (30min) -90T (20min) —BtaUKiBE
FroE kb DULBEREE, AT B SRIE . KK T0. . TOAE I B VPR AR bR
[4R) PR KFi. KR ALFBHUKIREI AL B2 it @ (P<0.05) fi L ILBE
SEUR BRI 91.69 (gem) $2FHE 119.90 (gem) . 135.38 (gem) . 115.47
(gem) | 119.14 (gem) F1122.90 (gem) ; SHE 4 HEF¥ERAMLL, KErdE B g
FR) et DL DU BE e 5 2 (135.38 (gem) )+ /Ky (77.05%)  HJEMH (74.74) Hs, 4
MEER S, BEPAE. [Z458] 1% KariE B BE 51T 200 AT b UL DL JBE (V16
R

RBEH: W I AR, KR B
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50 4 A 2 1R AR S B0 0
FEI, 27K

JERTRRSE, b5, 100048

B AN P R 5T B AR IR a2 T S5 PR S IO o PR B DR 3R . D e ] £ 4 g
PR 2 0 A 5 PR BT 5 AR SR 3R, PRI B A R I B I BUR BE 70, AT FUR v B e AL
K5 H Aeromonas rivipollensis . Pseudomonas putida il Shewanella putrefaciens 43 7l #5442
TowR Y, FEINE A IO N B A 2 IR BRI . BRI SRR . 4
RFKW]: S, putrefaciens FAAHGRIE EUKMRE /), M KMEENER A T RKEHRSEZ
JRANGF RS 2 HE IR . P. putida B AT BRI SRR e 200E 1, @ AR I B9 S BB BRI T R Ui
B (EEYIR T, P. putida P B RS IR P BURNZ R 2 Z R, 1M S. putrefaciens 7]
FIFRNERA SRR =4 KREE . 4 LA, P. putida #1S. putrefaciens &[4 /i .5
i S ECE A RO A, T A rivipollensis SUR R 1SS -

REEE: wfn RINE: RO, SRR
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A A BE A 5 R I T AR B g ) B
TENL B 7T
ME B Y TR, MESCIE 2

1R ERY:, TTRABEIITT, 524088; 2. bigigeE Ry, Li#gTH, 201306

B IR 7N B AR 11 R % K L JBE 7 M — L DA Sk O 5 AR I L IR, B SR
PR DR AH FLAE FH A M P45 P XOR AR 5 W #E B 1 2 Bl P 4G 5 SR 1 2R 3 A
TfF 5 DA £ 081 JBE D E T G2, A8 WA A% 9 S0t £ JBE my ARV RFALE A o 1 KU A 5 0l o AL P i
b, Wb FEEAR WURA4EEE) 5 HRERE R AR & YA BAE AL
R KL, FEaURF4EE Aol SRR (ClE. vl TREAZEE) LUK
HBAER S E, 5 1-9-3-T AR ) Be B e I 4G . WS4 R e iRk ffh
JBE A 7= Ik v AU A R S A — E FRAR JEAL

KA. i NUREFAE R FERIEARIL A, vk
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jEEE e s A Ak PG R AR e 30 T Jo A% 1) 52
i) % 1) 4%

ZEUR, KT, ZEER

KIETN K, T4 KET, 116034

FE: AW TR 2 B G BT S T R FUAS 5] b BT B S R AE 58U A b A
PERIRZIR . 456 LA TR, B 3 (UHP-HAT) 5828 T BRI U b 2 (1R
AL, > T IREER MR AN . R 45 RS, 5 HAMAC AL, UHP-HAT &3 158 |
BUEraR e RE . Btk REPEIE. RHABMEANRI L, AT ORI P AR . BT
S AR PR AR DG IS AR &, JFOR T T o R T ) A e /> — 3k ImT VAR, 45 SRR O
WA BRI S8 EAE AR BRI M (R% > 0.92, R*p > 0.68) . % LTk, UHP-HAT
A DASE 2% BB el b AR B IR, AT RO RS (K 578 o i Al AR AL Ah o
25 Sttt — 3R IGAIE 7 UHP-HAT o BI-EC R 5 4 (200 34

KA DU U R B R
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B 7 VR DA 2o R A1) o 1 ) TR i J A
TR 45 K4 T 5 T

i, BT, 201306

BB ARE PRI TR, DR R K= i BN E AN 2o 2 FE RIS ik
AR TR IR AR AN S AR . AT AR R A SR, DAFRE ] 2h et IR, AR
DIASFERB P Th = (160W. 240W. 360W) FIEE A i (A4 H#E (Omin. 15min. 30min. 45min.
60min. 75min. 90min) J5 Y NaCl & &, Ko & &, Foktk. RS LTErs, DA
KA i T BB MR S OGS A FE bR . 45 R, (i £ P NaCl 75 2 #0525 H 1 1)
o i 18] 90min i, £ P NaCl 2 A B i K (H 2.39% . 38 i 1 1 L 7 2 i B (SEMD
WLEER, i e ot il ) 5 P L PRI ZELZR G R B N R %, LR EHER I . X — B s Rk
B, R AR R ISR T — R R AT 0757, RERE i S DRI S R R | ISR £
K

REEH: AR AskE; BALMEL ROWE
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7R 7 R PP F] PAW IV AL Al S ELXE /N e R e
gl iy 57 52
PRE 12, T, e
LILRAAOLARIE B, TEIFA AT, 2100145 2. AMA MK = S REEUIN THA AR, 1055

BT, 210014

wE: [HN) WEEE (US) a5 FEEK (PAW) BRI ALE] & ALE/N IR R
e R . (7R ] oG, I FRAE Averonii A1 L.innocua ZH RS . 2 A A 52 Bk A
FEYEL BN ROS ZK-F, 855 ARFE AR 2T 5T 1 US-PAW HIFITEHLE] . 285, K US-PAW
LR TN IRAR, X 4CIBAR A N R e . BRI AR B AR AT TN (4
R US-PAW B3E | ABC ¥iza B2 I IE R ThRE . UG 105 o4 i i A5 g, IRl
ks O BRARH, IR T AR A ZEEL, 2 DNA F1 RNA & ™ =2 3L R &
BUTEAASET. . US-PAW KCFEA Rt 1 /NS iR st R rh i AL g G . 8 1 B A0 I o
AL, FEAROELE T A R AL, b T /N MR A KL, 58 T 45 G KRR E .
(45101 AWFFERY], US F1 PAW BCG AL B BE A RN IRER 4k, $RTH/ N e R I8 it T

KR K7 SR TIEAOK IR il R
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7R P AL L X IR B e B 1 o 5 A AN T e R
FRISZ IR BF 5T

RIS, [

EK PRI R, TLINE S8, 214081

WL MR R R E R B ROK IS, 3“2 S, R E A R
U, (S B RR AR ARS VE AN Th BERF L PR M) 7 AR B bR R o AT, ATAIBA 4 SE B
PRIt N T8 B BRI R0, ASHIE AR A B - 558 PR DT IEVA SRR 45 0 1 M e
U ER B IS AARFAE, T IR TT 1 k75 Ak TGS RO e e 2 11 SR S A A E e PR RS2 o 5 2R ER
W1, R AP S AR A B T oSBT AR A A RN, AERERK IS R,
RIHKIESE =20 3 45 RN, A A8 25 PG 1T BB dee ek 2 o kA=, 380hn 1 e
LT, A KV TR T 10.2% 58 i 45 81.7%; B 75 AL B A 11 5 45K PR TR 3R AT e P2 R4 T
BTG TR IR I FLACRR IR L R DL AR -

Kb MM AN BA, 40 ThReRE
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B 75 A BV i 4008 15 0 T A S HAT T B
VA=

=

FS

l
}

=

o, ST

A A IR 2R, R = e, 572000

WE. ZE8TH(Lutjanus erythropterus), AFRZLH, J&) 32 040 T/ PU i R I — Fh &5
. AR AT ELR Rt AN Tk, ik LSRR KA. AT
BRI TR, BTN T 2 MELT (R A B2 o ARSI 8 P B IR 7 Ty 3R A
DRI 20T He it B AL SR . 78 Bk s R R Be i 24l b, SRA Box-Behnken %t —2E 4k
AT ] T2 b7 Heift Ge sh 4T 0 544k Jm 8 75 il Bh S 2 e A% S Bl ) 2 2 57 I
I I 4 L S 1R (SEM) R RE 54X (EDS) % A 1) i 1) b L f 41 £ R SO 5 W AT W58 o 4
B BT M NERIREE 20%, FEHIR R 2 d, HRTEE 20 min, #8732 300W, L
ZLAn (& Eh BN 3.975%, B VRSN 86.584. SESGJTIEAEL, HE S L B w40 th e )
JEIK B SMEA NaCl ¥ % (p<0.05). [FIfF, SEM Fl EDS 4r#r 3, s ab B oA
T EIIEOMEE, AFT NaCl fEREHII R 3 51 . 5t tRALJS B 4l BhiR 4T
{8 6 T2 mT LA E BR A A B, s I AR

R, LY, S, R, st
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7R 7 S ) R ) N SRR R B A AL A1 B 7

EH A M2, wEAE L, MREEEE Y, B YY, wEin b Mg VY, kERE T, dca
1) REEFERS:, JREMIT, 524088; 2. KETILKZE, T8 KEN, 116034

B AR B TEXIR Sk B~ T 7 Ak, % B BUATE KT S, R TT
REMIBLIRMLE . Plackett-Burman i % [H 1 ¥ 145 R W . A Sl BHIR Sk By 1 ik T2
(35.24% KMl 5D N Th2 300 W A T[] 15 min, pH8.0. &% 50°C. HIA“MZ& 5
AL S RIS E< 3 kDa H pkl g # g ME (THA) ek (2.28 T) , FEREH &
7 B LE R BRI R P AR A M . SR A Sephadex G-15 B A — 20 4 B Bk
TEPERIF IS pk1-A (2.80CT) o AEMME BP0 TR EE R EoR: A pk1-A FL4%
EH 26 AkBCN AFP, HPKBE KQVHPDTGISSK (LVAFP) Hfif g &ft ) (—1.8
kcal/mol) o AiF Lys ke B HEMEA SUE I S 5K TR B S, MHIKEE . FI,
LVAFP T AE 7K 7= it A R AR B AR, 4R SEAR R = R (i AR

KRR ARk BV IS PURIR: 2 xiEs Siafi
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A I v e CO2 XU B LIR854 [B] 44
B RS

WML, FEHL XA, B

JARMFEER S, JTRE LT, 524088

wE. [HM] DLGNESIRENIERE A (Tropomyosin, TM) AW R, W FCHE S BCA
i CO2 ALFEXT TM B LV EUUE e 5k ttisgna . K592 1 R A1 )% 0-2000 W, AL TM
0-60 min, 44L& CO2 (30 MPa, 15 min) AbEE TM, FH AJHE R I Go 28 W PR RN B 1 o g2
B 7R SEAO R I B, TR B kR FORRIE . SRR IR BRI LS
H, FARBEEWEE TM S EMOE . (455 EA (1500 W, 30 min) Bt& s & CO2 &b
HTM HH, H 19G M IgE [ S e 45 -Gl V70 il T 9k 1 55.3%..48.7%, o-13 Jie 2 2 [ 11K 40.6%,
CREE A FENTOT s RN R AR W, SO R AR AR, MRS GRRE RIS
W SR I 0, I RS EIAR T 21.82%; RIMB/KIEN R, HIMESERK. (4
W L AR =k CO2 ALBNT TM 85 75 18] 45 14 1 5028 W A 2 A5 S0l ik B AIR F SR B R 3
FE T BUR PR L, R R R R AR A T B AW IR B R T

REER: NLANERIE; FNERER; BARKE &S CO2; ik
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Ry & 8 AR I 58 20 B & S i
B S OB £ 42 R VT JE ot 52 it o7t P 40

XUBEE ', FERGE Y, WoCRy T, wEE Y, BoEE S, B Y, Wooi Y, wan

1R, WLAE T, 315211, 2. WiligERE:, Wiilg AT, 316022, 3. RRtigERE, HAE

%%, 108-8477

WE: H FIEAREEG (10, 41, 221, 11, 12, 1:4) KRG EEA (SPD AR H
HFRHE (CMCS) BA M, HAAIF SPIUCMCS ELBiIxf & A FLB IR . AR
BRI E BRI, T 0% FL RO Bk £ e BEVRE IR B R R IR s . 792 T sE L
WRRIAR LA . PR AR B R . FLATTR R, AL TR IOV 4 R DA R LA BE R I
FOBEIS IR E AR, TPA M. 455 8% CMCS HL@lig3gin, Rie M fa e~
B, FHEORMESA S, £ L28, KA, FHEARMERERK. E4inEEA
TG T A BER R . RS . FKIMER A, W EWIN CMCS £ S8URIR MR T
W&o 450 SPI/ICMCS E &I SGE T BERHRARHE, A4 5 AOB B LA 0 BE 7= i B A
g,

REgi: EER RAILHG BUREHE; KE2EER; RF LR
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il

KNG B HT2E R Pickering “'Lmzaﬁz 2

2Lt JYLBR B I 1) B I 12
B, K, 0B, TA, s,

EhE RS, TR, 121013

WE, W T AR (0-10%) KE5r B EFEN Pickering Ll (SPE) XJ 42k JJLER
HEBIRIARAT . BERRRE . 2 IR EAE R . O S5 A RV AR R e o 45 R,
7NIN 2.5%-10% SPE FJ {35 B LBR 2R OV IR IRV AR AT 9 ANILBR B 11 A (i i P - SPE
AYLER S 2 1A LA AH B F R 9 7 R o BE TR Al ke 1 SE SR I 2 454 . hr 8o i
7N, SPE Rk T LEREE (1 4544 1) AN A B RN Gy T A B 40T IR A . A, BUAR
SPE [ N A BE IR SEAEVE AL, ARSI T4 by TR S B XS IR, SPE

— PR AR RS AN i ot B A, T T s e LR AR R RR AN T e LA R BE
JR 77 it o

REEH: Pickering FLil; WIERE A WAL ROWSH; WY
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R E 570 M 5 d LA
R, BN, BEZE, MKF, 2K, TEE, #5oc, XU, R4, B,

JARMFEER S, JTRE LT, 524088

#wE: [EY v R A RS MM SR A LA E FRA R, JEXT ARy B IR AN
FEAT T IV . KO7EE] W R BTSN S A S 7y . IR IR . 0 i B
MR HR WA BT SERAT R 38 (KGR ]Y B AT EANK Y SRR E R
THRHM (p<0.05) ; MRy Glu & &, (HEFA M KBRS R AR 7R 2
mEEHRERTIREA (p<0.05) , AN, BFAEMMIRHEGELHAERIBELIINT 1,
R EFAE AR S J8 T i, ELA A LBl el N A s R IR AR s B A f g
JHEFREITR G RN K>Na>Mg>Ca, METRT Fe &R/, BAEMMNIRHE Zn,
CuBfE &V N . B EMAMTAA N SHIR S BTG 2R R T &, KH GC-MS
A5 92 i ARMEN Y, GC-IMS IS5 th 56 PR TEIL &1, SAmESE. BRJE. B
KBRSk, [4R]Y BN g R AR LA =R, FAEAEIEEAR
REWRSYE, B IRUMERGR, SRV, MRS IR AR TS T AR A2 E S ASRIX
B PARIR .

20

g

REgE: Kt BRI AR
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ROKAT 8 R 2T 4R RS 22 v N AH SLIB il 28 K
SSRERTI
PRT, EB, BT, DO, 20, R, fhkik

EhE RS, TR, 121013

B ASCR A TALFLAS & AL B & OK Bl E £14E  (Rice glutelin fibrils, RGFs)
P RGFs #&5¢ = W AHFL (High internal phase emulsions, HIPEs) , @IdhifE. Wi 2F4F
PR TR 5 1) B e PR ST FLE AT 3R AIE . 45381, KoK B %A (Rice glutelin, RG) #1 RGFs
YIRe A %A 2 HIPES. F1 RG f252 1) HIPEs #H Lk, RGFs £252 [1) HIPES RILH AR 5 i A8
SREPE. AR AR E M. BEE RGFs WRE MG, HIPEs (17 D4,3. D3,2 F1 TSI i&
WRREAG, TRNEE. REREREE . ABS. BEPZERIARE MENIRILH A R (a3 . 4 RGFs IR N
4%I, HIPEs (WA &L, LA HIPES [¥) D4,3. D3,2 43l % %2 % /ME 2.13 pm 1 1.68
um, X 5O BB S L AN 8. 45 b, KOKRA R AR  E AE FLTE
A REFRFE, ARBFFORY R IOKA B R S i R AR AL TR B Bk AN B 2%

K SRR EARDYE; RATKE; WAL ek
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N e (W SN N e R = Ay DS &7 2
(CRSEER:N)- A
SRR, xIzEH, Xl=H, EaM, s, e

EhE RS, TR, 121013

WE. EYEA-Z AN AR R SR Y AR SRR . BT REARR
(7 T B ARSCHETE T ASF R EIREE (0%- 0.05%. 0.1%. 0.15%. 0.2%) HT*ER (Tannin
acid, TA) 5 K& 0% (Soybean protein isolate, SPI) 7E pH Jy 9 2544 HFL 4 20 Bk K
X R A RPURALRE TR . A5 R, R TA RIS, TA 5 SPI 45 &%
BWHETE: BT EIREE DN 0.15% 0, P B4 & RIL B R AME N 80.67%. TA 5 SPI
MBS, SPI MRS R, RMEHUKMERE T (p<0.05) , HEAWKIKLE. Zeta
HAZE0HE . FATEE R LA R M 1N, TA 55 SPI SR S BREL S T S A A %t 5
Fitm T EEMRPUEIRE ) AW RO BA SUE AR TR E B UK BRI At T B K
e

R B, KROnBER; EAg%K; BAWMR; JraEibrrE
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https://kns.cnki.net/kcms2/keyword/detail?v=PT3z46FIkGlzPDUkwn8vQfETg_oyjtHCg217c-VYhnIyXrixR2FA4QoSi6QSRf9wsBZxn_H4je-XFf_ze6qYxW5hl-BUaP1NYM0UuKEj1jWud7zCR2x0XlhP73U6H9WSbmqN75o8h8Q=&uniplatform=NZKPT

2024 JK7F= N LAz SR AR E S

B H A5 88 AR K TEANE AR I N 7E 52
kSRR T
TR, W, R, KR

JARMFEER S, JTRE LT, 524088

WE. glhgth, FRUIPEEES, 2023 FEhE P ELAy 29.2 I, SEIRIE KRR R K
M. HATS8Rm il £ B LR ONE, (S EHEIA 56%. JRT, 7R URITE I E A7 AR
WUAHSAE A s SRR AN S FR OB FEARER R, X5 IR B/ 3 1 B 1 B e s D) R k. R
WEFIR T R A T B MR WL S8« WUR 2048 8 A AL b e lig i ORok PR R2 R, [R)
RITTIMBRAA ) MDA S A 8 AT AR 320, BRUENLZLEE . MDA
SR EF4E SR A 45 DHRERIRFKBETIREm, RN AL 48 m 8 A i 4 4 5 i AL R PR 1) A A
WRA; fEULHEAN b, SRAVEUN. 2 Byasin it s SR LR £ 4E 8 e, o6 i fa (1 oK
SRR, ISR R e 8 fa (U HRFE, ST E FRIMEIR PR SH

K. eiffh; EARAML: KM THEE SR
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2024 JK7F= N LAz SR AR E S

HE o A B A I ) B A i o 6 £ PR 4 7
THACHR SR PR R

il
il

M KZE, LHEHINT, 225217

BB ATTCIRTL T H R B RSN A S SCREVE RIS o BIFFL T SRR
Hh LR AT 4 B 1 0 AU KSR S A, 3@ T G AR R Bt W 28 4 A 2 795 0 2 PR A 1 v
DASRAE £ AR AR AN SR M 1 A8 4 . S5 SRR, AR R IR AP R, R
EAASME AP REC. 246 MHEE)S, NaCl &b (2.0 M) PP LERE A E i
(MHC) BRIk ECEEIN T 10 50 _E. 78 MHC (RSB R BN T 2 R e &1, =
A, e EC R (AAS) | y-BrEBRERE (GGS) MEHAF - = (MDA) &
Y. BERRFEEIR-MDA &Y. AAS Il GGS 4K 1 8 [ S M AL R A i W U R . itk
S TSRS 1 A AR SO P s P S22 £ it i A v 5] AR E A

KA B, EERL AL BRI, T
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2024 JK7F= N LAz SR AR E S

(IR S5 2 AR b % v I8 0 7K = o UK ) 52
M : KR GC-MS. GC-IMS A E-nose % 45
EERH RO ES TN TI
s ee t, RImEHE Y, XY Dkl

LWL RS, WL AT, 3160005 2 fHERMV TS BE, | AR%&) M, 510000

HE. FIHMRESE TR (AP) MY 485 (Trachinotus ovatus, family Bramidae) JHif¥)5
Wi, sl e B R UL &7 SR A AR Ci - . R (i -1 51 A8 i A e 1
5 WHA T AP AL 30 d J5 Bk i A R RIRIL S . FERTSRTEVE( R ], A
k. =kt RO R TEE RHRNES. 1-H3-2-i g be B AR, 2 X 738 if
3. 30d Al AP &b 30d FHEERRIC . R M S & BARIRGIA LR B A T AL,
AP Kb P 2SI R SR ARG R i . X {5 B B TR R AP Kb 468t iR AIE
AR TR AL B AR SR AR R 42 o

Fetgi: il KREE TR FERMAEY
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2024 JK7F= N LAz SR AR E S

0 &6 A5 8 26 JE AR R = BN L T2 5T
RFWE L, BOMESEY, EPHEL AR 312, RhbIe 12

LAMTA R, ZHE LT, 230601; 2.4 MBI T2 8s Eai skl s, 28 AL, 230601;

AR AEYME TR w8 AR ST R, IR AT, 230601

iz [HM) T OPR — AR h A 66 g it s e e o T2 . [7ik] AL
AR RAT A FEJEORE, DUREVE 2 PP Fabs, 85 5 R 3 R IEAS 5046, PR A 4 |
JRUR A R R A A R A A g PR R Y R . (4R ) SRR, A
TEUR P i B T 2R A S5 AR I & 28%. TR IR 30%. SRR INE 6%, 1
SHIRINE 0.6%. TEILTZAMA TH&GREEAGE, BMEO, FURM. HERIGTH
R, B AR A YRR 5T & B SAbr e, SR T B0 (4] A5
NULZKFE S A JEORHA R HE R T 28858 7 LA, TR A s el A5 Tl A AR =34t 7 4
R&%,

R PNIeHR, AT, W, TEET
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MG T V4 v T A 0 0 R A T LR s
i
LWEHE, R, EHE, #iCIE

iR, BT, 201306

WE. AW S (A7 1.5% NaCl, S 41 FIEZ A (V 4 X ff ) fhi
REPE (REKPE COFERIFHLD VR MRS PRSI R LB e N . EA AR R SRR, B
7K (K37 R AR 5 i s /K i3 I B AR SR e (RFF Rkl . 23 7 IREEEEA S, I
PSS K IS B 73.51%% I % 59.20% (S 41) Ml 52.50% (V 41D , XEHASH
e R R T 1 R VR S 7K D o 7S (L S R AEK R T ey ) A CEu R JRE R I i 1 Ak
FERE . AR HARELRET, vV ARSI ERZIT S H (p<0.05) . £t 3 &
B L RGRIER G, VAR R L 28R A EIC T S Hi—2F <p<o 05) . W%
RIL, ACER TR IR G B2 A R H L AR A R B AR A, (BRI T ST RE A A 4551
T, AR5 & B B R B 50w A o 1 S VR ke e v, BRI R Rk o
AN | (G P 7 SR R B R v g e S o AR E T 45 SR T A R IR K ) AR TR i
L TIER .

R MG, AARENE: WO IR R E R
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2024 JK7F= N LAz SR AR E S

2 oy EAC B FRI AT ) i a2 55 3RALE
Ve e, FEWeR SR, MIRBL PMVRE, KR, dkkE, SRR, BREE

HERARY, WMEEETT, 361021

#wE. [HiK] ZM% 1R (Polyphenol oxidase, PPO) J&— 2544l 85 11 4 & AL S5 i .
HEAESM T, PPO BB Z TSRSV EAC SR, A B, IX L= W LE Jig 4k
R RS A, TS EE AR TSR, 1T PR S S B W . AT AL B LR A
XF PPO [ sdgdidritds, LT PPO IR B /K= i g 5 AR 6 . [O7VE T 8 Sk A LANiER
SR ML PR RNA, R 2 F AW ERR e FIRIE PPO. BfiJm, MSREG ata EE )
% 8 VNAR BUASCRE e H B v B PR R R AR (ODgso>1.0) o H23E HHT EAZ R IX VNAR
Pk, JFELIAETE S ELISA A1 BLItz M5 HoRAM ). D4R Y Mt S0 ik H DU 25 Bt
] PPO [ VNAR &5, 43514 16-3D. 15-4A. 16-11G Al 16-12F, FxtHikiT T B EIL
Halitk, E5E4tE ELISA Z5 B EIR, 15-4A Fl1 16-11G MI4s &bt tE, H EC50 {5 5N
3.86 nM #18.78 nM. it BLItz BoRME [ EATHRZRI T, 14BIHISEAM )% £ o7y 6.35
X105 M F12.89X106 M. [£5i ] =T MBS TR SO T RAF R e EGR Bidk,
SR FRAR T IR ARG T 8 1 S

KR VNAR: RTF; Z BT W
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2024 JK7F= N LAz SR AR E S

% W ZR IR PORAE 1 R T i i Ak 7 o ) B

FHERY, ILREHLT, 266000

fE. G BUE EIRR A NI A L TR ) R, o S B T R ) 52 I B R AR 1) PR
i, AL G i — R CIE R R R o AT 3 H I S 2 R 2 2 R  f8 280d fs
PO THEA 5 TRV O U S IR T AT W 7, PR R M 2R s (7 S8 B« e
WEA R Y g AR RAEYE RS2 HEHAR, FFR A 85 5
TRAE. BRI PURRAL S E KB RIT T 4SRRI, B/NEEAS, B8 Ed
FFPERE A RIFEE A5 12 P U5, R @ B0 Gk R B - BRI . R
WP Je RACE HARBHIE T 2 Fp a2/ NE R A ABER T F L m4si: g T mEiE. R
T HERF 1) o OB il H B = S DU R B i, SN A A B it T v 1) A
ARG B R R SRR T B/ NE R AU RO S 2, ##1E T LAEADI.
AADSFNHK J: ALTDAETK % 11 4™ B gkt A @07 7 a2t R, 4440
M EHAR, RIAELHEMERSTILERE S TR A S HU RS, 1E
ThL/Th2 4RV . Treg 4H AT & iE VB AR 4507 M L BUR N . 24 228G 5
P AR RFIR, AT AL IS B BRI A TR, 27 6. 2ERS FREENES
A LAE /R 2R I B0 AL, Wi B RO A S B AR A R R S

K frahd; BRH ZHREOR, MidER: MEEA
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2024 JK7F= N LAz SR AR E S

FUARERR S By R BRI B TR — MR R R AT
PO L B O S HORELUY BEEE Y W

LAEFE RS, MEAE T, 3610215 2K/ fiFin THA B Kb 5 BeA TR 7O, #Rd % E 1177, 361021

WE. WL 2% ALEF (Polyphenol oxidase, PPO) 5 i i) S A o B 5 i 8 B i Jo A1 e
i E. [HY @i SXHRE G 2 &R 1 #E (Serine proteinase, SP) X PPO [ [
B2, RIS EHIFIEE S, PR R ZemEEh B RE ., [J775] whiEkik
B NYHEXAF PPO (rLv-PPO) , HEATHEIR /0T LLNLAMERTIF AREERT 52, 4347 Zn*
4-HR S5 70 LA R A 8 (B 2R AR DR AR R . D45 R ] 3RIATH rLv-PPO LA R T X AFTE,
HEEE JIRENS A SP TGS . Zn® 1 4-HR If6M] PPO I 1E. Zn®" 5 4-HR A %
rLv-PPO [ ~ G5 AN =S54, [RIHMHIEE T SP. Zn?* 5 4-HR & e I e S 220
U 1A ) B AR AT TVB-N. V4 A B3 K DL WU A R . (45361 Zn?" Al 4-HR &
WEASE A AT L@ i #ik] PPO A SP I 1A 1k B E KR R (R EE A (1 35 L o ARTHF 72 09 LN X
UR TN TAR AL T 5% .

Retn: TEMAACHE; NANEIR, AR fREE
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77 RERG T MS-222 17 i g i) i i £ JRR 1 AR
H 255 B 52 1) 52 e DL N AR A L s AR 1s B 1Y)
HiFEH

LECRIE ESTRNE S S SR [ R
1 B RS, BT, 201306; 2. & WAl S TR ER LS A R0, i, 2013065 3. LK
PE RN T R s TR AR G, EHETT, 2013065 44K K HK P S FUALR S5 s s s s, Lilg

T, 201306

WE: AR H, FATIEAL 75 HRE . MS-222 F155 R R i 1 R S A &2 (10
SN, RIS T e A TERA IS i R T R E A . R EREE ) MS-222. 5 Rk Tl AN 05
R b 0 34T BRIBE: 42504 104 20, 30. 50. 100. 150 A1 200 mg/L. fE 20 mg/L
MIIREET, MS-222., F5 kg ith A1 55 Rl o g o' #1354 IR B BB F . WE TSR, MIS-222,
P REKE Y R D7 A S B £ A 1) YO JRR I 1) s AR B2 433 % 50 mg/L. 100 mg/L 1 50
mg/L. Ak, ¥ 120 RAEREMIES EBENL S U, RIA 20 mo/L JFRERE . D7 R R
A MS-222 0 FLFEAT BRI, xR 2HL i U 4R 70 S 25 SRR SRV RTRG Tl T v i Kk o 5 SRR,
A5 DR AR L, (R MS-222 15 RS il 1 f S 4 48 BRL - (MR 3R BE Rl F-a
(TNF-a) « H4IMI/R-6 (IL-6) MEAMENZ-1p (IL-1p) D KIRAERIR. SxHRAR
VB A LY, AP D5 AR T ek D s e AR 1 A B (BN BEBE LE VR 5 B 1
VERIAR A . Sz, 5 R T TR R AN AR i 0 DL SR8 3 i T THI R BURAR T MS-222,
X R BT A IR P R R SR R T £ 1 1S

KRR RN Wi, s HIURELE; B
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2024 JK7F= N LAz SR AR E S

FERIR B K TRAL B 2 AF 1 OREE U KL
fill Bt 7T

MR, SEEE, Kls, KR, 2

K=, WRAMEATT, 570228

e [HM] FAR%SEFAERK (PAW) . REK (OW) AR FARK (SAEW)
1E 4°CH A B X 2 JE 0 F IR 5 R B Ot B e . L7 vk Y AR 7R A T 3
HRFE I M+ TRV S BBOIE 5 R AL S P T UHPLC-Q-TOF-MS 25777, Pl 7 PAW.
OW H1 SAEW 7E 4°Cof A T x5 &t Fy I PRI R B L b o AR Ak o il i S5 R T B, 9T
T AR BRI AR R R AR S TR I se . (45 ] PAW, OW Al SAEW
AEFRFNG T AEI AR, SR T B R, A B R AR
VIR . 2. BRSEHE RV SR, AR SRR 2R, 4ERRD R Rt .
PAW. OW HI SAEW SEZZ 5 )5 PR IR AN G B iR . Forb, PAW FERGEU R 2F T A= 0%
Pe/NIRIOAR B ; T SAEW FEZERE 8 R 5 e IR B PUFAs J5 1 5 B3 . [ 4516 IPAW,
OW Fll SAEW i} & 4k £ 1y £ 4°CIBU A2 AR BB, 45 BB WX Se B A R HI A
AR REZRER A AR, JR4EREE R ST

RegiE: DR, ARRCREEOR; MG, REE BB HLE)
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2024 JK7F= N LAz SR AR E S

i = S SN AR N BRI Ry v S R AE A Y
SRRy &S

JBET . FRIRE, MR A

KIETN K, T4 KET, 116034

WE:. HI: ARSI ANE (RExo) 1EANEME, REEEER (FX) E4HEHN
M AR L, ot BB 60 IR T R SmE . Jride: BRSO R B8 Ca v SR UM 2 4
WA, FIFABIZAGEUN (DLS) FIIES BT RS (TEM) JEHTRAE, H R A S L] &
FX-REx0. #t— A FX FaE 5. et gUpasih K4 i p SREOh L . 2550 $REUW
REx0 Sb/nth RUFIIER 5 RSHFIE, “FIEALN 105 nm. FX 7€ 1:4 &L a2
15 65%. FX-RExo fEAALH LIRS R R AFAa e v, JFAE B16F10 i B th 3%
(040 A 5 R (I A B B 7 o 4518 8 T AMNIMAAE A AR AR BB 4R T 2 B R
M AEIRI I, SR HAEDUm 25658 R T I 71, AR OB S BVE R G T IR B T
N

REEE: ETIRINEE (REx0) 5 A8 (FXO 5 EWAMAE; ROFMIGIT
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Yo R A AR T R Bt PR i P T AL R M PR
(LR ERTIFM
B, PR, AR, SEE, XIEF, milE, ERE

KIEWFERS, T4 KET, 116023

BB AR ERR N R AEE TR DLy B — RS B R 2 0, AG
RAFRADE e (R T EAC. WIS BOU R 2B, B, )7 Ea i
SEBEBRER e A [ A M T I H . AR SCR AR 60CO y i e i S B IR I 5 v S 2k
R R P A R MR BR IR I, R ROBUAE il . L ZDA S RS ST BT T AL
LH RS SERRRAE, JRIEIE B AR BREE DI T AR ST . SRR y R
TR R SRS B R R R 1 2 T &, MBS R R IR, 4 FRIBW RS, fm
I T FORJENE SRR A, BRI IR ER AL A SN A R SR AR SR TR, (R
S EReRIR A T A, BRI T XU R R AR S 1 SR R R T ) E IR BR e A P
o, BETRIDE A 4R MR P I A TR BB IR IR S AIF-50 kGy H.4r &~ 8.7kDa, 7 10mg/mL
WIET, X DPPH &K AE /1T ik 93.69%, HARAMT AL I kR H At 4150 B v

KRR v AR, AR (LA, SYMRRIE, ST
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KRR P ff ) 251K o B S B BRI BR e M
X Ho0, 175 5 1) RAW264. 7 4 i S8 A1 S 384 1P A
15 H

il BHEL Y, S, XIE, R TERKE

KIEWFHERSE, T4 KET, 116023

WE: NS 72 A R P EGTEE, W SCRABSIRECS 60CO v S 4REa R
B fk o Ve SR MR BRIR S, FE FH Bio Gel P10 5 TR I T R B s A 6ot B A = I idEAT T 43 B i Ak 45
F| AIFL. AIF2. AIF3. AIF4 JUANH 5, KTAGEH 34T T S50 PRINE B B B 5 AE
Jokf H202 531 RAW264.7 B 4 B S804 ST a8 B S5 07 T AR 5, DUy + &
R PE R IR R A SR LRI . 45 AR, Ko TR R PR IR MR 2 ) R
F e CAT. SOD fliETE, W% MDA Rl ROS & &, Mifitish RAW264.7 4i A1)
EACRLBUS N, ORAP AR s 40 s, Horb s/ AIFA 270 % RAW264.7 41 g i) fR 4
YRR et . 415y HRe s 25 LIRS RAW264.7 4lifg 1 HO-1. SOD1. SOD2. PI3K,
Akt IR 1) 55 S Nrf2, PIBK/AKT I 3RIA K- BHUIHED, IG5+ &2 i SR pE i B2 e
REME IS PISK/AKL A 15 Sl L HE Nrf2 (I3RIE, FHLIE H202 % 519 RAW264.7 4l
A, RIEFURMIER.

KR IR 00T RS RN RAW264.7 40, LR
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2024 /K7 S In TRILEE R 2 AR 4
525 BB ) FLIBOGH 5 £ 8 JBE 1 ot A e 5 1)

Al

TEE, AP, AL, Sl

HERARY, WMEEETT, 361021

B Y T EAKY R B B AR, WAL TR A . FURRBE BRI R AN RS
THH ) L BORT B £ 2 JBE S v B A DT PRI o P PR R I At il IR A2 AR A3 21 O/W L
TP S A BB 7R B EEC L 0040077 0 U6 470 . 0.025% 7L R BE BR B 3% /% 0.040% A ALK i -
NN FLI 0 BE R TR TE 4 °C M RAT 28 d 5, BWIVE BRI R MR (TVB-ND fEHAH
Xb 2 [ 4> 8.52 1g (CFU/g) Al 1.86 mg/100 g, 1A lT /1. Rk MERD R bb2s [ 2H 40 )R
{5 1 7053 g 2.72%F1 6.59. SN BE AL R A v it A v £ BE 2R 1 ) O i, A ik
1 BEEE o F I ACER . WU SRR, BB FLIR R % 8 R/ f JBE R J ¥4 R B 1] 1D ot
FA, ERKITAEH.

REER. G AR TR FLIBG ARG AR
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2024 JK7F= N LAz SR AR E S

2 ECAE YDA T AN K FL BT 1) B HOX 74 el
Fi OREE SR 5 i

wEL REEL B e

LA AR, AR T, 4300705 2.8 ZOR SRR SUIN L HARB A S vhote, WAE4 T, 4300705

3L DGR SOR TAERE ST G, 1AL BRI, 434000

E. BRI TR AR T 5 2 AR e AR, T A AR BRI AR DA X
—WER, AT T EE T 9 R A i S LT X B A 3 e s S MO A A Ak R R A
SRR BRI % S RCEYIFS PRI T Z, I B RPURI A AR EERCR . 45 REW], 4
RGN RO R A, SRR . B KA L TR BO PR 1 4 P LA 4 A
34.7440.49 mm. 42.03#1.73 mm. 61.3421.09 mm, H/MIEREYA 0.98ul/mL. 2 2 k5
S5 FREMER (6:4, viv) BHHIEEEE S m R R B ) 4% 9K 7L e Ak A v ik
HERF () 80 s AbFE % /7 9000 psi~ JHIAH T & 4> 4L 6%. Km=3:2, SRI{H 0.22540.006<<0.3. 1%
FUBE RUEZ ST TBA. TVB-N. W% GH. B E R, Z9PKFACEE A
A, 8 FAHHUE A TE AT 32 Vi Fl o

SCREE: UK BRI G0RTL Wit (R
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R ILER 8 B 5 K ) P SE AU A A 1) ST

XIGEMS, 5kBE, ®H, S BE, HITH

KIEWFERSE, TTHKET, 116023

BE: HIN: AR KA & N F e 2 HR M S 5 A S NI
S 1R ASHIF 0 B R P S LA, o RV P 5 DA SRIG, RN T S8 hil S A 40
JiiEs FRhls B Tk K P R HARAR 2/3, 435IHEAT 04 2. 5. 10 H1 20 min #UbEE. B 5
WS, (1) FeIRFS , Hodid Z R 2 #(DSC) 1 SDS-PAGE HEA Al 2 [ i AR 1415
Blo i PG REp, SRESUYAH EF I UUSE ME ST 25, RI0H 58 B0 Ak . B
BRER A7E T L& =20 ARSI 4.54 5. DSC 43 M on B SUULAT T8 IS A7 7E = AN A
W, HrPEIERE AR A B e . G50 RINIEREE (00 RS A s AR e ]
RE AL S PR S WL AL R S R 3R

ReEE: KALWE; ML BINLERE R, BT
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2024 /K7 S In TRILEE R 2 AR 4
o3 B N RORVE M BRAL A ot %
1 IR 1 ) 2 Wi

PR Y, RWALY, Momk Y, dBE Y, skuedh Y, WECR M SR M

/

AU 1 [] f

AW

LARSERE:, R T 1T, 3610215 27K 7™ s I T HOR E S 77 1k 5 TRERT 0, Hiid 4 JE 1717, 361021

. DU ESHE R L i 4 BB (Glycated blue round scads protein isolate, GBP) Al Ak
VER AXF B, W FUAS R B ST IR ROK R R A A 5 B IR RF It sl o 45 SRR W, GBP
P IR m 1R RRICIRE, RIS A T REAK 70 VMR BRI IRl AEAE AR AL
fo, [EVEAEFUBILL IS 737 N 938.6212.06 cp FI 3.9640.23 Jig F#{K% 713.6+ 10.32 cp Al
3.1240.05 J/g: FTIR 458 %7R, GBP wLAHIGIER B R AL, HAR R
TERGHTIF B REH]: LF-NMR 255 % 8, R REME R H RO S5iEm 5K, BHiEKS T
Ve BRI AR, A RAK R g, HAKITR R NS EORINERIEL: 7
AEE RN, GURIES FER A B NI & 1B 0 S IS I S g kA, BEE i
TR AE K, SEM 25527~ GBP RJ AN S A K e M ki ) 2 S5 44) (R st FE AT, HLBE & IR
ISR (I, S8 10X 28 &35 ) L RIS T 18 K

REgE: JOKueky; WREZEER, Otk B, B
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T 2O 2 B TR R e B S
SR R L

iR, BiETT, 201306

. LAREE OB ARG, W T TR s 2O AS (R v A 2 R R o S OS2
Herh A SRR BB S - AT RER A IR SRR TR A 6 h, DUMALRLTS
A RIRI> B BHIIE B 20%~50%, FF & Tl K S EEER,  BE TR R AE K, Ff
A LR R (P<0.05) , HEATIRAARMENRE, RALIZRE 2GR R
ffadh, HEZETEREEH G il AR, SORE Rt R, T IRENLAT 4=
RAETEEAT, B HNA RGBT, JAh, RIS &R S T UE 22 /5T 1 72
Hh B TR DT TR R4, ORIFECF IS BT . 28 ERTR, B8 IR AL AE ORRR ™ b (B Ak
BT TR BUE A, R ot 8 PR 2H 2R PR BB P8t BE AL

K wf; THRIT ETHIE MR
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2024 JK7F= N LAz SR AR E S

Tl T 2O iR K R SR A K XU I
1A
TS, BREAE

TR, #des i, 430023

o, iR E LGS IR, VRIS R T VR, ARSCRFR T B AR (NDD
HRTHE (HD) WA TE-A T (LN-FD) . WA TG-HA T (LN-HD) i fiil
B SR B R A e KR, A, IR R R
GC-IMS. HLF &b, HLF 54 KRPDIT, o] B i) 0 B ) W AR A . 255858 H, ND i
KA S e HERWR B 0R: HD 2 38U S 5 8 A & B I PR A 4E 45 /IR 3R 55 HD
HIEL, LN-HD i & (& B (0.56 glg) HXAWRFGL i HAT 2 5. LN-FD fafillfig
JFRE A S ERm (0.799/g) , iR, SKER (2.85) , HFEMWIEHR, HAEFEFEEMNR
BRI, PRI, LN-FD () RFRAT B T4 I Tl S S8 F2 K BOKAae ). FUBORIRU o

REER. Ml ORI RO RIEER KRR
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=1 WA ZLIBEE T 3D T AR BEARG AL AL

F 56, i, ik, )

WER, WBEAE O, 57022

fE: [HI] =48 (3D) FTENHR IR A R NFFF KATERAMEA il . fBE R S R A
A R KUK T A2 0 S 2%, (HIL I Tl R 2 sl B di o, o FL Rk . i i A= £
M. AT, X mWNAAHILR (HIPE) i30S g FE 3D 4T Enihs2 i s . [
Uk, ARHTT S ER] S AE 1 HIPE I3 BE b 2% 3D FTEIER, [ HIPE X 1 JBE
ST ERFRE MR TR AL (57 ] AT 7 LA St M e S B A8 Bk P i i B 1 T A 74K
A, BEEMAHE 0.75, #8ARE & Fk-fal HIPE. 45 ik B R R A Ik B9 HIPE 48 in)
o B Fp )45 3D FT B fBEHY S8, I8 Ik 5 0 BE T SR RO . IRARRRIE . DIRREE L B R
IKG A FTEVRCR . Rk BB BRI UL R 2548 hr, IRAARFIKREE HIPE X
BEEE MR 3D FTENIERME . 5RRHIEA ST s . D455 Y Bl i J5t 2 1 JORA B2 11 1
K, HIPE W IR IZETIRN, RiserE . B Al R K, B HIPE fag iz
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Abstract: Pickled cabbage fish product made from tilapia (Oreochromis mossambicus) fillets is one of the main
types of aquatic pre-made products. To improve the textural stability of fish fillets during reheating, we discussed
the effect of starching on the quality of fish fillets and the stability of fish proteins. By adding starch, egg white
powder and peanut oil, the steaming loss rate of fish fillets during reheating was reduced, the texture
characteristics of fish fillets were improved, and the amount and process of adding three types of substances were
optimized to solve the problem of easy breakage of pre-made fish fillets during reheating. The results show that the
addition of starch, egg white powder and peanut oil inhibited the water loss of tilapia fillets, reduced the cooking
loss, and enhanced the textural properties, having a minimal impact on the turbidity of soup. The optimal starching
process to improve the cooking quality stability of tilapia fillets was 4.4% starch addition, 3.6% egg white powder
addition, 1.4% peanut oil addition, and a pickling time of 13 min. The synthesis score of fish fillets under these
conditions (16.1640.53) wasclose to the predicted value (16.70), indicating a stable and reliable process.
Compared with the control group, the textural hardness of the fillets cooked under the optimized conditions
increased by 74.2%, while the turbidity of soup decreased by 42.7%. The relative content of protein protein a-helix
and B-turn structures was higher, the structure was more stable, the tightness of muscle fiber connections was

better, and the edible quality was significantly improved.

Keywords: Tilapia fillets; Starching; Response surface; Texture; Turbidity of soup
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i L7 AR —E 5%

R B, AL BURRHE: JURL 4R
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WL N “REALL” ST L] 1w 7T
HEB, B

HilE R, HilEETTT, 810016

fEE ALRDE VGRS, B RO R IR U E VTR T LA 2B
2L (LErgE MF) « E CULERE MS) ARTE] B KB AT SO S RURFAE A BT 5 AR i o
{1 EEEEARTL o Dk FUATL AR A K BT SO il 5T RS2 S ELTR BB ASTT 78 15 5k 70 18 ML
P MF F1 MS, € dt BURFAE & FL e KB, MS IR ISURIIR TR & B, =2 PRI Ik
AU EH Ry . IR RIS R o, MS B =B A H il RS B . A
FPaRH], MF AT MS 22 5 2L RIS RIE 70 A A B miRNA AR SGRERE PR 2 225 iR AR AR O . &
2y A FE R BT K BT S0 (T B PT BE S miRINA S v i SR AR AH DGR R I A K,
AT U It T ok Jo T R S P LA B0 T A

K AT KIALG FEP: miRNA: L
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i AR AR B AR MEPUIAR I e 5 3R AE

VR, B, Pamell RN, BREE

HERARY, WMEEET, 361021

fE. [HM] iR % Bl (Aflatoxin B1, AFBL) & 12 i 25 A0 25 A4 i 257 2B i v 20 AR
WP, Tz A AT R RE IR, X NSRSt R ™ S, Bt 5 T AR 4 45
NN EBUEY . G T 75 BRI T BUR-PUA Z R R e g &, AT A R I,
FORAERIE . ARSI A RS B R, S —FhEal. REOFRESEII
ROl AFBL KL 75, o TRk AR e R B Lo (U7 ] At Fe i it Wk b 4k g 7
BR, MR e (1 ST E S 0 1 H RS S VK VNARSs,  JFFI A HEK 293F 41
M RIEAM YRR A, @A 4 ELISA X HE A HIHTRIE. [452] UL AFBL A
BHTR, $ & IR A BOCEBET T 30 R0k, M 1500 ZANswE RIS T R ARRE R LAY
#:13-2-1D J% 16-2-6D . i F 55 5+ ELISA Jll i 3X i e AA i 45 i 1, 45 R 27 13-2-1D-Fc
i1 16-2-6D-Fc ] EC50 {E4> %A 5.85 nM Al 8.67 nM, ¥JERIH RIFHILE&E. [45i8]
ST R PR SCIE FITSR3 geK BU iR L TR m s A 5he i, RS54 AFBL
TP T AR RS N R B8 T B A

Regw: WMETRBL REPIEIUA; WREARREAR; diaimtk
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T8 5 LR T QTN < 5 0 PR R I 1) XU Ay
‘f%—%%%)&ﬁ‘ﬁ@ﬁ’ﬁﬁﬁﬂ%ﬂﬁﬁ%

K=, WBREEOTT, 570228

fE: LHMY AT S ER TR G FURR TR A % 45 8t f Jr AUVRTE RIS FR 34 58 (VN7 1
VIR, BEIFIR . &IERR) MfEM. [J7vE] ARF7ist 165 rRNA A il B 538 7t L B
IR AP R R AR AL, 8 I T RPN R R A W LA 5 VA 2 2 B R S S B e
MUK, i AR iR, D 7HEY (UHPLC-Q-TOF-MS) 14 A g it
PR R SR . CE5 R Y FURRTA . U BRI BR ISR & KB FErh R R . B
RIS RIRE K, BESS, REEHSE. AR, MU A Z &M R A M. Seh 16
Pl BRI RV ORI &9, SRR RS, Ol TR |« B (1 k-3-8. 2,7-
ELE-1-0E) | BRE (LB MHARYm (5-FFAE-RE) o IR SR IRy R & &5,
EERR AN R R (BRI, HER. WA AR (EPA FIDHA) &
RN, %E 56 Fi S P URBE AR M ARSI I AR AR 1, R INR G LR A 1R 4
fif ey £ P s AR AR IR CREEBEMRIENLEE A0 & e H BRI R AR ) A
FILRRAUNRE CREEIR A& i AW H IR . SRR b fid) st v AR 5 5. [
WY IRA AR E LAY 5 R B R A FIEER AR R 2 W35 BRI G, SR I
i 21 [ XU T JS RS 7 0 SO0 AT S 3 A o ANIE ST S0t 1 <R f R I T2, D v < R £ i o
FRBREE AL T SR SCRE, I A TR SR AE T A 1 DL

REEA: KRt WUEEVIRE, FERYERRYI: BRI AR
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HeF- 3D T BN R B AR o o A0 2 8 B A et Y
i 8 S 5 A R 45 F 7
AL EFALL W9

LA R R %, WIAEE BRI, 4300705 2 FREEAHOCE SRS E S E A sLI =, WAk s, 430070

B IR H 25 AR R B IR A B, H i R BRI UK ARG, G ATl
A 6 (1 2 A AR TR R E N L BE R, DLRBISE 3D 1 B i T s A 2 e B8 o A4) 1 4%,
T X HE Bl £ B 7 S v R A R G I AR S A Tl ER A AR A B 4 T T
(TGase) AZHk [ fa o IR (FSG) , FITAE -3 Z NHUAI R = 3 AH B T Ak
FLBEERE (HIPPES) o fEMtIEAl [, ¥ HIPPEs MBS, EAWR T miE i)
' HIPPEs S5URLF4EE AIMM BAEH &I 3D FTEIVERE, I T HIPPES Xf/ULE 274k
R IR A 10 25 TR A7 BEL AR B X AT BV PR R A L, o 24 A o o 50 (R R I S R R b 1
3D TR BERI AL o AT IR T R A R e JBE ) 1) e A I AR T BRI A BR S

o

KRB BN R A B MR FLIRRESS s BRI 3D TED; AR
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3T FesO,@Cu R N A A0 % 1 1) =18 18
AR TR AR E AR ] KR R B A I+ Y
ZERTio

WA L KRBT 2 HREE L B

LA K, WMEREIT, 361021; 2.L7 K%, VLIAEHEILT, 212013

e [HW] KGR (TTX & —MEBamma iR, s ARERR B =g, Hil
A FH 6 A M T VA AR E A DR RE A RS /IR [k ) AR FRHEH T
—HMHH Fe304@Cu fE AL LML A, JFE5 AR P 2B (SERS) . LA
BUR AR ASKAG I TTX (757 2 d0@l 5l GE Rk, 3658 T RGN, JEES
T Fe304@Cu [ifiEfLi% P4 . Fe304@Cu 7f H202-3,3,5,5'- VU FH LI % (TMB) Jio i (i 4
WRCETTH TR RS TTX Bk, (4581 TMB 1%L (oxTMB) 5% T SERS. Lt
LA A RS 5 = ARk, WTTSERL T TTX 1) =il e & [450]
AT, SERS. bk Al B AL FE Al FR 43 )4 0.055 ng/mL. 2.127 ng/mL A1 0.243
ng/mL. % =188 A PIE R O DRI T SERRAE dbisr i, A TTX Rl fgft 7 —Fhif:
10N G EREANAL T =Y AW

REgR. RiEunh 2ol btk EEEH, =IEERN; Fe304@Cu KM
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AT GC-IMS. HS-SPME/GC-MS HiHl#5 2%
> o v B N AR A i SAL & YRR
B, R, YU, SO0, IEGR, B E6, S

RS, ILAREH BT, 266003

e [HM] MO REAE R EER R —, TR TR sl S22 1o v i
i AR T R R E B, (79K ] SRR 3 - 1 3D A8 R AN T ] AR ol 35 B - U (1 -
RV R G 734 1 % BRI TRl A b iSRRI AR . DEG R Y JLEE5E Y 59 Fh <k
e, MRIBEHLARM IR R R 25 DRy, KR4 =ik, 2-
- e 4-CMFE IR R -2 PRI R AR B SQ B AT R, A R B AR SR AR
W EEPE R Y R B A AN R s WA o BRAh, S5 IR UMRFIE AL M v AL b
B EZFTIMGERR . FARDR, FIRRAMRTR. (4518 1 AHE AN B 1) 5 170 0 AT
i chlk e QU A S

KREEE: WE, T OSBRI, T AR TR SO (- BT BENLAR AR
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He T 2R 5 A IR BOR B D5 T R AE
A i e BT 7T
EUNE YR Y, e, RN, RS S, mne
LI ARIGIERS, [RBIEILT, 524088: 2.8 K DM LHATI R H0 GEIL) | [ RAWILT, 524088:

HEEE R, WAREHE ST, 266003

. 5HF RN AL I OB R AR AR A BT RE AR B, SR T AR B R SR
(Surface plasmon resonance, SPR) £ ARREME S . Puid, i A7 1l g A= 7 F A BAEH
PRALSTET SR AR B B R . HIM: BT SPR HAE i A VUK B (g g vh 1)
TR TVEPER . 7k FERTIISEER I E (1 DR K R DR el b, 2 R Bl 4
SRR PR A I E AL SPR S TR SEI S TR SR AR, JFRESRANRIEAT R, mE
P51 %58 UL AR N AMNEPEIGAE . 2558 A IRERBE UL P BEAR Y b 5] 07 14 Hh 45 4 ACE R i
FR) 75 AE B2 I & Ik SLPWPMKPMNLIE ;AL 25 /K ¢ 4 h i 3 1) ACE2 45 & ik
KSVSPKFLTG il id fie itk ACE2 ik gz S ftidhidsy /N UL 2 R AN A BB T 4518 LA
BT SPR I 1 A= A% 186 B 1 N B R T M R S AR S A AR O, i R
TR RS HE TR ISR S

R RIS AR SHIREREEIL; ACE Sk, HLWiik; Sk
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BT iE WL A B E S B R
Tk R P B2 PR IR 1 AL 1)

Mot Tkl &M MER THm&EL A HRmY

LR, WA T, 315832; 2 HEAM K (R , WAKRER, 266580

= [HK] SARETHERHAMAERE S ORI WG R R LS. [757]
R D0y AN G RS AR BOR IR B PR IR TE 1 S5 T A R RURIR R, R =R, &
ST PER- T BRI PRER AU B, #8005 o & GO R K™ it I PR AR R B IR M LA o (45
R Y/ RS B o R K A R R B R B e PRI P8, 1) I L B R IR T i
W I E R T R TR AU BRI AT RE PR, SRR 5-FR NG -3- LR

(5-HIAA) ; RIURUEIY) 5-HIAA W] OB HGE J5 A ke s vk S T e 5l i, SRAbRIR
ShHEAE, RARREREREYE. (458 Y 10 B W1 5 (UMK 7 i i P AT e A 4% P T
AR LR PRI F s B RE R R PR IR T RE A R LA o

R : A AEIER: SRR GERNRMY: HiEEA
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FeF 22 BRAL AR 70 X R i de DL g A
P4 RO JER e L S JRSR AL A BF 7T
REF L EE Y, BROEY, OREE T, mine M, Mg Y, S, gt

LA RS, JORBERYIT, 518108; 2. | ARHEAE RS, JUAREINLIT, 524088

B I B RO IR S RO AR R IR, T 2 IR A R, PRIE A 1 DL
fE = I Y 152 SRR, R TR AR R TMCA B, i 8 R ik 5 TMC4
AR B ORBES G A A5 RERH, BURIKE % Leu. Asp Al Glu, N Zifl C 3 22
FEB KM IR R AN M Z R, EL R SR J AR 5C 1 1) 2 VR I 5 vk B o IR B2
5 UK (R 2 Sl s 1 A R RRBR KM RS A R R ARSE, (HS TMC4
XL A (R T . KA S AU (P B S IR 6. TMCA 2 8 NS4
SRR 2, LR A AR A, JF I BRI S A KA B S B A B
TG RE R — 7.5 keal/mol,  H. Arg506. GIn524. Glu525. GIn527 f& 4 it &l fe: ity Skt 45 &
B, 116426 FI Leu520 SEF Mt /KA FLAE F R SGEESE A 0 10, B 50 R IR b5 RO 32 4 1)
HHEAE R AE T B .

RE@WA: AU BRAK; JBRERAZM T KBRS G AN
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HeA I X BOR i K P % 52 ACE
SR BB 7T
REHE, OB, B KLY KRR RE
LRHEMRHE R, LT AL, 116082 23054k i TR Sx A R B AP ISR IS, LT KT,

116023

WE: HE: SAURIERVERES . ACE HIHIK. 771 DLKTE VRS 57 i 7 8 1 i ot
XA, TEBTEEE (B (Subtilisin [EC 3.4.21.62) 125 T X K 76 6 £ 5 15 JiR 2 (1 1EA T e 0L
Btpft, Gk A ACE MHITEVERIK, X HOKEME. St SHb. T B =Ygl
ATT AT G50 @I ARG AR L 15 2 B ACE #IHilvE kB, 5 ACE 2 FiHAT
PRI, BESEGERE. o7 RRHIEER ACE MMk, il s 57X Heo R R %%
PEIK 5 G 2 58 ( HIS353. GLUA41L) Z[AIRERSTE iaiise Jy. M AH AR /. Pi-Pi
WSVEM 7, FFATREEIE T Zn®", S48 ACE 40 T-45#, #EMTEId 354k ACE i1
RSB M R M RUR . Z5i8: AW FANER B ACE SiE L IR B s B v R e -4
BE T B L

KGR RPUEEES 7, ACE #IHIK: 70 TX5 4
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BT T IE R R AL b PR 2 I OC B
R
Eitate Y2, BSOS, EEN Y, FEY MBS FRKS, RS
L Ae A AR 2B, WA eV, 430064 2. AR R, Wb s UL, 430205; 3.#dL Tk K,
WHEA BT, 430068; 4.6 AL AR QIR oA o L Fe 7 ot , WAL E BT, 430064; 5.3
LS A A AR A E, Wb BB, 433118; 6L /NEIFP AL B AR B R AR A F, Wb &

YL, 433199

WE:. [HKY RN IR EUR A XK 5 BT (0792 80 e RO i F 5L 4 o
JEICREFENE S E BT RE AN P i R . BRI AR LS 755 2
DRI, S5 TAV SR E VRO EARIEREE B, JFA ISR A0V 0 2 56 1 2 HL oS Batigd
WREH 73 LG5 Y 2 5 QJFE AR s 3R I Y 17 Fhiie g S LR AN 3 Fh kA% R, Horh Arg
SRR, bR IR E Y 35.95%. i B A R IR AL H R A W AR I 2 BEDTRR
A HURAER 73 oL B 1 HA F B /R A o R P BEWR SR OB 1 22 S IR AR R IR, ok
BRIRA >N Glu. Gly. Val. lle. Leu. Phe. Arg. His. Ala. Tyr. AMP. ##. Na'.
KA PO,™ s  [45i Y AHIE 7t Al A o D B 77 i ) B A i $R AL B 1 ¥

R so QRN WIS TEAL Y WORE AL WINSEIG; JRERSLE
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BT 2 A SR AL S AT Au@FeP R BR e 5 B
AR A Mt

LM LY, dEEE LY, TR, B A
LA EERY:, WAREEDN, 266404; 2.7 BigvERHL O, WY S5EWH IR E, LIRS
&, 266237; 3.F B EMAEMHAE S E, (WREFEN, 266404; 4.7 [FE TAVK™ f A0
THE A, IAREH N, 266404

o K R IR TR £ P B s s DR M U A= o P IR B R e s B
HEE S, YRR RS R, TR R SRR . ASHE 5T DR B S
(Hypoxanthine, Hx) A4, w7 bR AEYMEL RS, FHTURHE R PusE b, %
FAFEM 45 Eridofs s VE NS S AL (Xanthine oxidase, XOD) [&l5€7E Fe304 Tk - Sz B 1 [
SEAL, NGRS Hx, BRI ST AL IEE Au@FeP [RBFMEL I N3 S EL (45 5. XOD #f
fiEfk Hx 55 02 2 B WA H202, H202 fERR 26 T4 Au@FeP fifb=/E OH, Lt
(1 TMB A Nl . AR B8 B A B I T S A R U, RS DER >y 77.97 uM, TG
4 0.2~1.0 mM, AT F ARG AS [RIUR PRIRE i i H B, SR 6 2 1) e A0 VAR G U
N TR

REER: WML AP RETEEE; WAYERE EfL; XOD; Au@FeP
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F T 5 B T ARBOR [l BESR T IR K R
B H B E R

Fl, =8 4L, Abdul Razak Monto!, #EWR Y, 4 CRI?, EEEE 128
1 YLT R, Wil &I, 212013; 2. BEPHIE T K%, BRPE I P, 723001; 3 . RMNHEEFEAEDIR A

FFRE, tREA RN, 362700

PEE. Jyfpp ot BRI R T R KR 1 BEURR B EORIIASES G A, AT FOR v A
T RGO [ BE SRS R K Th s S 8 A S AR SR U [R5 B AR AL L )0 2
IR AR B FL SRR . 45 RR ], BRE R RIS ik 59.84%, A B8 1R AR B T HE
A B PR S R D SR S R AN, BRI RS RTT, JCHR M oIS B-
PrBMFAR . —HReE IR A g R g fe it 7 IR SRR OK o B FURUK SR AR, JFRRAR T &
FUR VIR . B AR IS R Y], RS 8 TAR SR W S = DU A AL g )RR K. 25 E
Il ¥ 55 B 1A e A i R e PR K ) B 1 R R I AN S A 2 I H R, X it
i BE b T AT R R BAT B

Kigw: HARIEG AEE TR 2 Tai; MEREREUK: EARAS
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Fo T WRE 2 T ik LOPs #4978 W/O/W 4275 55
ThRE FLIR 7%
G L2, AW, W YA, RN AR, minle VR, kg VoS, R e b2
L RIFEERSE, | ARAMILTT, 524088; 2. | AREK=MIN LS Z2H AL, | REWILT, 524088;

3. AR, JTARAERYIN, 518108

e [HNY AR OB G S TR (LOPS) & FRIIAE & &b Tk HAT 1 i it 5
Al ses SR, XA R R T eMER N E SR~ mh N . [ AR A
A (US) Bim it (HPHY WL T 24 LOPs &8 #: D)Re AL (TNDE) , &t
ST FLIRORIAS . HUAL B SR M LU AR R T i 6 1 A B R D Re AL AR e . (451 ) 5
HPH ALFEAH EL, US ALK TNDE Rt/ (2.69+0.36 ym) , 43 HetEE 44 (0.32+0.03) ,
TR L (37.08+£2.80° ) . US ALEEfK TNDE A2 7 A K AIMEE I H R B AL
ik mbfa e tE. BRKERA 5K TNDE MPER, M2 F, TEIFIRIH E I
gAML AR e, FRIRREE T 90%LL EIIRATEE R, [45w] @A (US) il mrik
1FBCNARE ) LOPS W/O/W A& FRIREALR, IR R —Fid & WIOMW 428 = IR ALl
A AT AR K B 7 =K

KA AWK Tk WIOIW Uil ARt B A B
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HET 4L DAL (0 970 B S PRI
ARG 29 5 I B I

PR YY, AL 2, XTGP, ARTOL 2, PhERZe 34, HHRH Y, EXE M, kel
1. BREEERE:, LT, 2013065 2. IWAREWEHERESHAEM ALK, WAREMET, 2640065 3. F1[EHiE

FERS, IWAREF DT, 266404; 4. EE TV /K™ AN LHE SR E, (WAREF R, 266404

PO AR I LA 1) 2% T A R RO SR DR LA e Ry A v P T 5 RS V2 00 . SR, 40
FEPNIEE R A A — R RR G WA, 58U LA IR A = BRI N A58
S TE T4 B T EEINE S10 48 sE I R RIA T — P i P W e P PR AR R I 2 A
filp Alga755, JExf HEATDIRERAE. 45 REW], Algd755 J& T PL7 FJk, HI 583 ok
FRAAR, AT, BEE L TR, Alga755 Mt %4 35° C
pH 8.0, HEA RIFHIMFEMEM pH e M. 75 Algd755 LT, MR KM=
FEONEEERE, JEEA RN DI R EOR, Alga755 ELA SRR S A R
AR, RILH) Z MR T

KRB : BTN BB, BRI, YRR SRR
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BTt A B B9 7K s i o P e o
R --- DL AR I TR 5T 5 77 an o R N 15

BREZE M2, BT ORGKER MY, WARE Y, R Y ZeRar MY, R
L. o KRR I BE R PR SOBT, TR, 5103005 2. = IEAGHKFERISUSE, ERE =L,

572018

W= [HM] Emf SRR fEEREIR e m A, 5 EEE AR RN T AR
BRI (BIEEA. i, B, BNES) O EA T MER ™ 5, iR
KA ST R B . AT E K S &5 A 0 LA ZE AR BUR, TP A mERan
THABRADIAEBENE, (DR CP AR m N, i, . @i, fNEEAE
PRALEEAT I TR, AEAR G o THORIER b, 2550 A UL IR BERR |
JRAL DR AR S BRI ARG GIN LA T S 57 it 7t . DS5R Yl e i TR, w5t
TR TIHED AR Fr s UK TR AR B2 R S I T dh s 257 7 B AR TR
PR EABOR, TR &R . AR, B AR BRE A B R f R 5%
PR S TR, RS T B AR G B AN T R R e e R R (4
WY REGRAK WA 53 RE, Tl R A R E RN TR Y, XX R =&
BUIMIATA, A3 R 3w EORR T =, S a ] =0 (O BOBRAEL, & ven Al i) 22 5 Rz A
(ARG

R @A AL PAREINT; mERKRE
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BT 7K 73 A B 5 5 R 15 6 R HH 58 8 C AL
FRIBT 5%
WO, AR, R, MBOR T, WREEE Y, BUkER

L AP K REA I FE e R A B TR, TR NI, 5103005 2 PR, IR F BT, 266003

FEE: PETO I IR B RRR B, TXLE 2 S W i o ) i B B A e EL R B
PR UREAR AR T e & M BLBCR A AR UL 5, BRARYH 2 i K R e, S8R
MEAHME RN B ASCRIEE T BER AR e b i 8 A A 1R, 45 S AR (R 1 AR (O B
A I 7B AR (L R R S UK KA TR FEEATRIT T, 18] W G
XHER SRR L . 25 R EoR, BEE GBI RER, etk am2ii®, Pk
LB KRR i AR B0 . 8L R A AL A ROR I 2 B AT ATP-PRK Jyiik
R BT . 70178 SR I, IR S B 1R 3 B8 O 7 R S5 R AN A P ) B e
HA5 VKA EAE G R DR E AR, (BB 5 UK S BRI 2 S R S5 O K
%

REER: DUTOOER; UREG HSTAR s KRR, EAR
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TR A AEYINE B2 07 A AT S 48 i IR
HE RS R 5 B G 1 DS &R

Pefk 2 R EE M2, Julieth Joram Majurat?, TEEA A 123, pRELEE V28 gk Y2, worer b

2,3

L RKIGPER RIS, T REEIIT, 518108; 2. HKilFrERY, | HABMILT, 524088; 3. &4
KRN LS %74 E AmRn =, | REEILT, 524088

B, ONE ARG (THA) SHRMREME R KW AR R, TR =AY
E RN AT B4y (CCP-1 Al CCP-2) FR RN BT IKEEAT RAE . 25 RK W, 56 R 541
FRIKH THA SIREEKCRE . 55l ORI K S IR & B R EAR DG [EANER IR, i E AR
T EEEIT CCP-1 ) THA N 2.60 °C GKEEY 10 mg/mL) , B ST CCP (1.90 °C) Al
CCP-2 (227 °C) , WMHEARM & EmIIPAIKEAE &N THA. 474K,
8-12 NSRRI IR S VKRS & 1 Re T iol, JF B HER . IR 40 s B2 T i
SR DT . SR, BUVR IR it R R T S R A L 5 M BRI, WD T UK &
Br s, TTREAC T3 THA. ARBFFE T DR IK A ER AL PR BRI S5 R0 THA R Ema $2 4t 1 2
e

K. EmIREERANK PUgk, AGEETE R4S EME R
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T FRIE 1 5 B A A A2
2% Pickering FLIRIIMEE: AR R NARE
FLR LB 5 N H

Rt H0E Y FHAN Y, ZEME Y HiSCIE Y

1 bWplpe ks, LT, 2013065 2. [HZ0R/KK dil TEARWR CEifg) 3y, LT, 201306

E: AU R AR ARSI E R (R (CA)  #F5FEE (CND AMEHIEE (MAD )
HEMPLEE A AT, DT IR Pickering FLRARE ERERIRZM . 452R
R, AR 5y 1 55 7K F7 T 0 B 1 R RURL B 48 1 R A K 50 T 2 (1 o X Zh ey
ko SRICEE KM Ty F R AL RAEN], AophiE 45 S R B LB TR O3, Hi
TN B AAE, A D BN AR R M IIRE, CA IEE 62K
MIIKF CN M MA, FEARFHRE NG A BRE . FHidE A S5 VER Y A
EILH L, A2 T O/W G5 IX I T ARy & B FURURL 5 Rk 2 B 58 MRFLIBAR E
A LA AR 4R (4t 1 BRI, BV RAE /K 8 F s v s AL N F S (AT R it

Kl WURL SRR MEFEM: 270 Bl
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STk H o i I FLAT A 120 AER i
P A BRSSP e o

RNEY, L

F AWK, WAREH KT, 266109

o A FLRT R A R0 KR T e A e AR PE, WA B0 i R v A S e
(EO R I aa i AL I E D IRAS L o AWFTEEEE T IR IPEXHE AT I 120 (Lp-120) “E
BRPUE IS PR R S AL . 45 RR W], BRPRa i 1 Lp-120 AR KIFSHELIA
Hid73, (HIRI I8 T HHT 8L RE ). KEGG BT R, SIRITRAEM G @RS
AR R B £, R W] Lp-120 T 5 I BN 2 S IR X AU R IR AR e, 4EFF4H AR
Thg. tE4h, S5“NADH %A{LHE/NADH S A LB R4 M H Ik RGUAER 204 5 1 R GiAH
RIEEH (i ndh. trxA 58D ERRMHNE T EREY B, RE] Lp-120 @id S m Al Mg s
PRI SRDTAARE T SR EFTIR, AW TG 5E Lp-120 MPTEAIETESEOE 1 WA

SR BN WM MISLITE: BURMAE
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BT B S 2H F AR 20 22 0 T R B3 T A H
% BRI 135 A KA USRI
KNEY, mEL

F AWK, WAREH KT, 266109

WE: N T IRUIARKERI A EREE 135 (Sx-135) TERRMMA T 7= KIAHLH], FATTUEE T A pH
KV (R S 2 AR 2 20, 58 T MR IR R . AU R &A% . R MW 43
WM, B pH (EM 6.0 FFIKE] 4.5, FER MG YIS SRR 240, A= B AR 4y
Hraemd, B pH RIFAR, B A SRR i B R N o BSR4 S A 4 2 4 R
Sx-135 nJ L i s AR . TR TER PR AR AT ABC %18 1R S5 I AR ok i B R B . Aro8.

SXYLSMQ121_RS12510. SXYLSMQ121 RS12520 5L [K{E Sx-135 A ff) Rk 5, X @A
Sx-135 HhifE B E L TR AN I 2 M R & St (0 R BRI . AR N RIS P R A, EER
FNE TR & S AR S A BG I TRI A 1 T RUER A I 1) B X B BONAL B i BRI e A /S
AP B RS R T RE SR T R A

g

KRB Fesdlortrs A BME; AR EERE; Kk

B
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Bod i B R R AR SN U v TR AT
JiEk, LT

T A IR, R =TT, 572022

WE TR, BRI TR, X N R B, AATTIE
FEF IR i 1 7 . BRI, K ioet i A2 SRR G B B AEJERE . ST, AR
KRR B, DU R S B S e tahs, I8 I 5 DR 3R S 4 G i 8 T A BT AR
WAL T Z . AR KL AB-8 4lidk, SR A VRUTT B FH VX ol et e J e s 4 e 0 HEAT 43 #0T
FHZH MTT 7. DAPI G (3% K It Qa0 M ARSI et e B2 S 2 Het NJHR 4 (HepG2)
NG ati (HT29) GFERIm .. BRI, 4 CBRFR 04 81%. WORkEE 17 01 (mL:
9) ~ HFEEA] 22 min B, B RS S IR TIA 6.821%. B B e R
il HepG2 F1 HT29 ZHMui 5, SUdmanMmA L. e, HER—Em
IRBERE . A 7T A AU T BE L 2 5 1A R A2 (LB R AR IR AR AR S R

RgEE: BUEEE; WERT; PUE; HepG2 41; HT29 41/
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PR ER ST RPN S B2 7K o i BEAR 1 o )
Al
B (T, TR SR

HERARY, WMEEETT, 361021

WE: T IRTH AN RBLE (Car) R /KGR BA PE R 52, JEHL T 8 FheH h s
N2 Car JEEIR L Car (14788 4l 7K b 00 52 JER 52 7K IR PRI ATUBR T e VA K ARp P RO 254
SRR, W KI AT Car A BTRATERE (TS) o &A AR Car REKE
HEBRAILAEHEF A: K2C03 < KH2PO4 < CH3COOK < KCI < K2S04 < KSCN < KI
< C6H5K307, i TS FHAAEEARR B R OUAH [ (% . #7 EhI AU AN R 7 iR 20 ] £ i K s
R AR R . 5B AR5 B BRI Car B4 /KB IR A L, #H R IA ORI Car
L] £ (R 7K B e EL G B i 1) TS FIFRAAR AR B2, SR A R S R TR /N1 LA 45 B ATIR,
T R R ST AR T VA T LLYAHE Car /KB I M RE, BF 45 SR n 2 Car /KB I TTH
FEALE ISR .

Kbt PERRA, RERBE, KB, AL
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2% A B 1 FIOT R 4 £ R LR 21 4 B oy 2
PO T S e B R A R S
B, RRRLLE KUHE RS, MR Y, Y WK Y IMRH 12

LSRR, MR 11117, 361028 2. /K7™ i IN L AR [ 5Kt 77 1k 5 LA FE o0, R 44 1 7175 361021

FEEE ALt P JERE X JBE T SRR AT e A 1) 46 B A BRE . (DKGMD 5 B 0% 0.5% 1.0%+
1.5%. 2.0%[I7INE % DKGM-MP (FEfEBEFEIRNURA4EEE) EEM, FRTEEH
BAGPE R AR . G5 R E I RN DKGM 411 MP 3l EE Rk 4% i 25 /N T 25 A4, 1A%
FERELF; 5 AAHMLL, DKGM Husikt S = Hm, BHETEE, ¥ DKGM ] LI
i MP TER TR A LB DKGM A LLA AU a-iBie & EFFMK: & &K DKGM
(1%F1 1.5%) W] LASE i MP B IR KV R B 8, 1y 8 o e A it 5 2 7 2 S T
M J&EERI1 DKGM FJ LR/ B 45 /K 73 8T8, T8 S0 5 50 (R I 4 45 ) o 27 LT
K1, T DKGM ] LIZEVR T Rt MP BALME BRI — & AR e, IR B — &1
PRI MP BERFR LI RUR

R BEFR BT, Mk, NURS4EEA
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H TR = R AR HE ARSI S5 AT R HE 5T

HEEL, R¥G

RS, IARBEF R, 266404

W R = ORI AR T bR I — e s A T, (E R R =
AFERTN T EA G —, BT MR R AR, T R 2) TAT @ R R o AR T3 T
] A 470 R b F v ORURR I € 43 BT 570 (33K F TSKgel G2000SWXL #1- Superdex
peptide EARCURERE) HEAT T IR = IRSHEER I 5 VR R R, S5 B A B B T s X
FER T IREE AR IE =Kk (Gly-Pro-Yaa il Gly-Hyp-Yaa @5 FP2E) A1k (& & RRE
IR P AR AL B R E Iy ik, JEEAT T I b 10 REF TR R 25 MRIE =R
B b o G5 R IR, AR T R 7R R 0 HE Mt S BN [R) A2 7= T 20385 1 IR = K b
AR, BAEARF A =R AR AR, A BT W0 5™ & ot &= (e

R BHEA BRI B RS
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R TV S VR Tt B 3 B DL AR AL 1 %
IO 25 e F) 52 1
SR bR, e

LR, WA T, 3165211 2.4 F KE¥ER%E, HAEF KK, 020-8550

BB AT B ERFA R TR AR R VRBAS B 56 SOV AR AR 2 SOWL 46 ) 1 5
PAAI A Bt D72 o TR A7 o S VAV 45 H A TSR SOV AT & iR it 475 S K AR 3, 4y
BT TR & 5 VAR 4R A I AR AR IR AN S5 A0 2840 o ELASE T DU R R 5 2060 397 5 J DL
FOUULIRIE, A0HG pH . ATP MISStL &9, Ca®*-ATPase iGHERIShis e, 4R R, %
HT B R ATP A, SUKEIGEDM R, TUKK VR RSB ORRR S DUTLPA 1 A4k
REPEAIOREE 1), HA RIS ATP 2 il SRR BB i 55 DU 450 . 48 BRTd, UK
TR ARV TR 456 et DUILPRL SR TR SE A e /0N, b D= o TR A7 S 0L T R4 k40 -

A UFFIE L WUSSFAEE A, AR, ATP CBHLAY
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AR 7 SO SRR HE R K R )
B
EEEL AFAL SRR WE® EBE? Eamt”
L YTHRPER IRV LM A TR, S, 222000;

2. bR ARG, Lifg 201306

E. AP T EROR TR R IR (FAAS) FIEIRIZHF R4 . AR S ERHIY
RN (=18C, 6 M) MARMRTT N [ERFAKHER (WT, 25 C) | =i URE
(25 C, AT) FIAHIZSME (CAT, 4 C) TRAEED e Fr KRR Y R 520 . 45
REW]: VR 6 N HJE, CAT il HE IR B 2 R IR G N 150.57%, KT AT A WT FEidh.
HEE e S mim i FAA, CAT {RFri s i fk FAAs (249.90 mg/100 @) - ¥k 6 A,
CAT BRI EINLERR (IMP) 435 WT Al AT #£5 10 1.18 A1 1.09 1% . WAl H 4 A =
RS EUC (I INETE 24.25%~103.16%. F 04T (PCA) FlIEAS /N — 3 H 51
SrHT (OPLS-DA) HIHHERA, Bl R [R] URE K, 0 AR S i & B FAAS, IRGE
EERS I (HXR) FIREENER (Hx) mifEAHC. LA thEUE KIL CAT AR TIREEE R
FEV VR I 18] (R 7K VA PR 0 0, R 2 S ) PTRE SRR o AT T 04 VR 7K 7 i £ ISR
fER S AR RS TGS, HEE 1K S R R A

). PHEf )y WRDTIC RN TR TR ERIR: B E TR
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el S X 5 8 R o 2 A B G L
L, OBUKIR Y, BRI
b K R I R K T

JARAET M, 510300; 2. =W HGEAKF-H A bG, WR B TR RS AR A S TE s, EEE =T, 5720182

E: KRR 5 38 B WO B A R, BRI e e A= I S o ASHE
F0 VAR VU AR BRERT | il 50 2 AT B RN L 388 8 BR TR 5 3 i SR IR A R R, AT T KSR
Fe A R S AR SRR AS T AR FE I DA B A A P B R PR AR A R . 5 SRR,
SRR AR Kt FE AL, WhIR R B b B RS A S R E M, VR 4.
P e RIS ) & B L 3 % . B HS-SPME-GC-MS RS4RI S 135 R & EM)R, Hh
1 33 Fh (OAV>1) XK #h i 7 B4R KBRS i R B R R 9% J5 R 2 B B R I XK (1 47)
R EG N, EA A R KRR R E TR o 280 SR F R RE 8 0 AR E D)
BRI R B S AR, K% A2 Tetragenococcus. Staphylococcus A1 Bacillus ). = &
L 99%, UK AE AT R AR ER 0 5 ORI TR . ZHIRDRH S DL K T R R i
NEEREIR, REEFACHRE T o AR 5K B g i B e e ita, HotE T
muriaticus>S. edaphicus>B. subtilis. X8R PRA B K N L H IR TR Sk 2 1) Tolk Ak
EEV

R (KRR EARRE: R B WOEYIERE: AL AR S
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Sz s S O R iR R 0 v B e L iR 2T 4
HE R AR E 1 ) 52
TREAH, A, R, SURE

EhE RS, TR, 121013

fE: RN E SRS BIRS, EME. ITA SRR R A 5. Bk, SE
ARG OR R B 22 ¢ B R T 5 7% 2R L B M W ) DRk 14 R 0 4 R A 4301
[ 5t JYL SR T A R v R AR E PR SO o Xt P B v PR AT FH BT R T (A% RE R +4% 111 L)
BEAT T HUE . WUR P4 B A A AR B VE M AE RR W], R R SENE S R I i R A BE ] 1
LR AR A A AL, IR OREF T RS I U A A . S XTI LL i Rk A7 8 J e
2% R SR 5 IR U R0 P 3 B % T R . Ca®t-ATP BRI ME L MBI A BRI Py 5
FOICIIFEIK (P<0.05) , JFF4Mf 1 itk AR I K LGN o SRR Bl R) 29 o i SR AL
A PRVA RS . SRR S B RORVOCHREEY & T IR, R gk A L B T F o R
B T AT T PR T ¥4 2R P W RO P T DARE R B 1 R B, R FFALIA R 1 B PR e B 1

REER: FRIRGEHE; WURS4EEA; W IRIER
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5C S A AU A W O ) R 5 e ) S AR BRI
TR

ke, KGR, K

I

KIETN K, T4 KET, 116034

B BERS SR BRERMETT MURIAAR Y JRE S LA, eI B (g e . ASHI SO P AL Ik 5 52 58
W I A AL ) S WA K, Rt — B s IR -2k 2 5% (OPCFe) (5 mg/mL,
80 min, 40°C) . 4K4h. LIHMESIGEE BRI Fe? IR I G R £ AR 1k, R THTE
BARIFHIRESS . B BRI B Bk PRI (IDA) N, ZE k], SEERIA L,
OPCFe B35 /If st £ 28il, MWINMIEE: & &, B EkE &R/, [, OPCFeM Xf IDA
T BURRT . R B 450 2 PRI R L R IR . Alpha ZFEIE R PCoA 43T 4h
REH], OPCFeiftmfA i &, WEMEREBRILINE . AU TR A RE
R Rk k= BT B IR A . 25 iR Bl i A R AR A T PT SE B AR

SR WEBLIG: PRZBAR: BRI UL
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SEFEREVE R UR R AR T AN IR 55 74
DL AU i 7 A BRI v U T A 1) o AT AL
JRAF Y i
LY, Xt Eae M, i 2
L BRI, BT, 201306; 2. AR SR AR S T 90, i, 201306;
3. LK M IN LA TR L, BT, 201306: 4. LifEvARERE A YEAE SATRER A LRSS T

&, kg, 201306

W AUFFURE T SR AR TN A R BR B (UIF) Wi REK
(WHC) .« WURL4EERE (MPs) MG BTHISEN, IE0TFT T A RNRBUTE (HZRRE (VD |
AR (UD FUEAE B AR (US-VD ) (IS, 45 5%0, S8k
R (GWD FEAHLL, 8 COS BB IFE M IARATUR /N, BT ., RS =
. M =M TERE . IKRBILET /N, XEgE R, Ry IZET COS HLLK
RUK R A, R AR RS, MM . thoh, T s R A i AR
i} COS ) US-VI (US-VCD A[Zeigtfita ) WHC, (HE. s EA ca®-ATP i
W, G ERE, PR ERIK RSN

KRB STEEHE RBL A A RR
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ST ERBEIPIRFE TR AT -2 2 By A5 T O 1
For S 2T < R ) DR 1R REAT 7T

AT, BEFE, s

K=, WRAME AT, 570000

wE: [H) A BEF KPS HIRBREB KO- 28 (HAP-TP) E &K%
B (CS) VETEME, DS E TSR REERIR . [J77%] 204 T HAP-TP iR st CS
RO S5 . HUBRPERE . 2RI e P PERE S (M52, PPN T CS-HAP-TP 41K
SK 2 B I AR v DT B AU T P R AR L5 SR T 45 R 7R HAP-TP il CS 211
TE U5 RV AH AR P AV AURE 2 2 s 7 TS LR PE RE AR e M o TR RS (TS)
B MK (EB) 2 HI4EE T 126.22%F1 67.87%. H#LFI/KESELTR (WVP) FIES
FEiLE (OP) 43 IR T 29.78%F1 35.59%. 1% ik 7~ A S I 28 R 1tk BE AP A AL 1
HAE 700 h ) RFEURECR L CS-TP )20 T 6.79%; DPPH H H3&iE M /1% m T CS . Xt
TSR REEN T, BEBRE L T A AA, Eon P R AT E R S AR
(R B RS R > B B AR . (45181 CS-HAP-TP i AT DA 2 32 v 2 T 4t 1 114
TRIGUH, Wi B nr & F A s PSR T SR AL T B R AR IR AR S

KR FRME-GURBRREBR AR ZME AN, VS, SERIEaE; DUaMimtE; fREE; XUk
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] PR K S H B SR 1) 22 45 M EUH e DR Bl
P -5 P [ A QA 7T

R, DL

HEEE RS, IIARBEF R, 266404

R AR, HEERER) I N 1H SR IR AR R, MRS AN T R R
R R SR SR R A B s 1 IR AN P T R SRR i ) B = o ASHIE 7 15 O TR 1 = e
DR AP 2 I RAE T AR AT R RS P RO AL I8 H 55 SR i Man26/5_8, R I
TOPESEANTEVE T 52 R BRI 0, Res B SRS . RIS AR TR AR,
T B ey 1) FAREE MR A SR IR S T O Ta] B B R, S B R 6 o e
CBM 334t Pimi skt sT IR “ B " MURpEEH . OSSN IE H 2 R 1)
BRSO 1B TR, 2 AR M A P ) A PR R OV (N TR ) 7 oE St 1
s

o

KB LG ROCH RN HER RN R H SRR AR
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AR RS U R A I ARA L ] 2 M AE LB B
EYINENINAR I E i R R VAR

JATE T, KR 2, R

L EE RS, IREE DT, 266404, 295 Bt & b e FR SR ONHHT A, ILAREH D1, 266109

. U TR R RSN TR A MU R I SR B W R, AR AR A% 8 & ORI i
AR I 7RG B il Ry T LA I8 3 05 S A 4 P O B bR 3™ 1 R 2 M 9 5% PR A A A
BERL o AHT TR A SO B BESS S RGE T A T —FhfLAR TR B mT A 2 SLRA, RENS
SCHL G BEACRAE TP T AU A R 1 o S5 ARR I, Sl A ) 22 ALES R ] SE 8RB LA A
PR AR RE R . BRI . BIDELBORE IR, WK AL AN A A 5 6.25>10%/mL
R 5.77>10%mL, K53 I 499 £5R1 461 1%, A FHE A0 A4V B K45 & 3D FTENM 4
HA RIR 8 RV B R IR R 77 f DA o ASAIT U0 15 7 4 P A O AR AL 3 3 AN B di AL B R 32
A RN

R AMMIEIRA; 2L 3D iR, LA AR T40: 3D FTEN
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-5 R B S AE T YRR A F K A W AL o P
E/mjﬁﬁjb
RS, AER M3, Wiaran Y23, RNER YRS, mnoe MR, Mgl MR, R el
LIRIHERY:, T ARBWNLT, 524088; 2. RAKMINTERAERSLRE, | RAEWILTH, 524088;

3 RIEEE KRN R, [ AREIEYIT, 518108

e [HWY AW AR R i 5 B A SRk, R T R e /K 7 e
TR S . LI73R ] AHEIE LA G AE 4 °CHI—20 °C IR 28 2 I8 S 17 PA) (CK) i 72 122
R P (Bo) A FE XS 5, TR E Hozi A, AN BRA . RWRTEAR, AT CK A Bo £E

4 °CHI-20 °CH It FE P i AR A . (45 SRR BRIIRAME T, CKIER:
P R A R SRR AR T Bo AR . fF 4 cCARULFE T, P RA TVB-N 2514k
RS, 7E55 4 d, CKZH TVB-N ik % w18 11.68 mg 400 g *. #E-20 °Cifimiid f2r, Bo 20

TVB-N (KT CK 4 (p<<0.05). FLMR 7 & 71 Bo HIGHRILT CK 4. 4 °C% 4~ Bo A
M EER2REFER(HAR. WA, AER. RAIR) AR I LT ES, CK AN
B —20 °CHAM N EEEREEER 2 F &S Bo HIFIRE CK /. [45i18] i

PRI T 220 2 R DAFE — S REJE 3B 5% & SR 954, W U4 RN AL J5UREIN A it 342 52
PP A

Regn: HAGA; iR PR, BT
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55 BT A 1 1 L 11 R 2
e A

ZEBR Y, SRR, MRV, RhSIEe Y20

4

1L AIETRY:, Z@AAIET, 230601; 2. AL LM R MBUIN T2 BE maskins, “/Ea

BT, 230601; 3.4 BT KR AN THE R TR PO, ZEESET, 230601

e [HN] AFS TR (CP) WK PR E AT ek, FF U0 B S
EAE A M A DA B LR E B 07> FHRFIE, JRES G /KA f OB P A7)
SRR, WARFETEISEANEMLRE. [452R] B CP AT, it
AR R E R BT T2, H0p SR (g N &N . ARBEHTI, LR E
WE AN, RmGKIEE N, (A e lE& s>, B EA RS BEREZ BN
VOSZEY A o W SN P i SR A R AN el S DA 1T N MR (RS R s 1 DY A
HRARPURSE. (4581 CP P HIE LR BV (e ARt LR AR 1 S5 A e 21 1 58 5
(IAZA O P 73 AR i R FEE A AL B T Y B B2 TR 3R

K AEE TR JRER: BEARME; (FHRE
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P BEIRUIE AN R 7 2% DX . SR i o
i
wal Bt sRHAK Y, ZRtE Y kAR IMRE Y B

L RIEHE RS, JTHRAMILTT, 524088; 2. KETML K, T8 KEN, 116034

fE: CHEY W FoA FA SR T 200 B i SR AT 368 391 8] it B AR AL 2, AR S8 7
R T BAE A (CK) 2 ZEi(TL) S R (EL) RFTE RS, GBI, 2. W
AN B A, (9% ] JEd iy il S PP BoRIR TSR T 20T B SR M E ) 2 AR
B, HEGEE . HRMERER(TVB-N)E &, A #(MDA) &, pHE. ZHiK
BAETRIR, SRERALA R BEYIT T 2O B R SO & B AR AL s, (45 R T 45 Rk,
FE bt (KU E AR 20 A P B 5 D ) 0 S T AT, L ORI TS R RE S SE SR I RV v
ZREER RGBS . TL 85 95 2 B o 235 (P<<0.05), EL A S EISH 5 I, B 7R 4
IRIYEBEIRAREARIL CK A, SR 95 AH %%, (45 ] hE BT RBaR 2 tRig
T SEACR A A B, AL ZREE R o DRI, 7K i £ T 300 i) N2 i T S ¥
3, PRfF A°CHIRHEIR L A AT R R AF

REER: RHEVIR: PEAUCREN; RS AR
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P BN T I B VR B 0 K B R RS -
A AN H 57 70 B
BRI M2, VERIE M2, 0, Baris Karsli ®, A5 4, i v
L LHREER S, L, 2013065 2. LA N LAREE TR ST, LT, 201306 3.LH

HBIRZ 7R, WP, 531005 4. FOARKEOK™ @A e E A ®s GBIt , ki, 201306

= [HM] AU S AR AR BESRAT R OB i 5 5T L], R e iR
FEWBNIEEI . L7532 Y B 7 i s DA A P b R B R R AR AR DA VA B A I o £ )
{1 S AR A, 1 v e U A R o BT A E eI 5, A B T 385 - 3% (LC-MS)
(R v AR 2 s e L AR . (S5 SR ] 48 17 S SR B e Bl ) DR o o f  ZE A )
Pk A RILH E w0 pH M (7.15) SR CETETEL S & (10,57 pmol MR ERG)
MR PERIES S (34.91 mg N/100 @) SR BEEMS & & (4.70 umol/g) - IR, Z41f
IR B R R B B A RRK AR, 438 1.67 pmol/g 1 79.22% . 2277 TR FER AN
A0t S R B R AR S 7.5 KA # 54.01-56.95%, 17 Ay BL K B A X AR E AR TR
HPEC T 56.78-70.16%. AR 2R SE 1R I 3 W 3 fmn) 1K o fi 0y R S ZE R AR
1, DR T AR R AR AR B D48 Y 5L U 8 3 L S P RS M R 6l
AL, IR RS AR

KB K, WREVITR OBTEERE BN AL
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I FR i1 £ R 1 ) %% ACE #01I BEAT ACE2 i ik
L OBEEL DAEL RS MR WY

LARSERZ:, R T 1T, 3610215 2.7K7™ S I THOR E S 77 k5 TRERT O, Hiid 4 JE 17, 361021

e, M8 %K REHE (Angiotensinl-Converting Enzyme, ACE) A ZKik Rl 2
(Angiotensin II-Converting Enzyme, ACE2) JL:[FZ 5Ll R4 mfae Fi. [HM]
DA fein @ 7= R84 R AT BEA 73 25, DL ACE 5 ACE2 1E 8 T AEg kA7 ik 5 |
VKR FRE . (773 1 Ak Bt 2 1 TR o P i 1 Tl O A o % 0 0 4 A . ARV 2
3 kDa it UE, Wtk /NT 3 kDa 473547 2 ik Denova Ml 57, R4 2 ik e T HEAT IR BT o
31 R R B AR FH PRI A 5 [T AH S BROIK B o % AT A2 A0 s 000 s B i A2 =X
Mdr. (4R B L FfiE D GPPGSP. GPR. PGR. GPPGK VY% B A5 /E ACE
FHVETE IR B o 23 FRHEAE R EoR, DU S ACE RIETEH 045G« GPPGSP (1C5=178
umol/L) 5 GPR (ICs=164 pmol/L) F I HHL = AMHNETE,  FF53 5 2 IR -G B30 A5
GevEm i, FNATERE ACE2 RIAKFI Bl D450 Y DASE f hn T @) =40 > JFRk ) 4%

ACE il ik Fl ACE2 WUk, ThAEM: & dh I RSt T EIR S %

KR ACE; ACE2; Liffik: Wk, 2> 1%
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| FH R BRI 2 Bl A Y R 72 ) 6 vz {1 33 72 AT
&5 & L]
WM A E N, FEN, e Y, g e, s

LAl ok, Wb BT, 4300705 2. [ 5H LK S WA 7 s, 164 KT, 430070

WE. AW B R R SN0 AR B AR 7t 1 37 % B R A5 O A (VB CE ML o S PP K
SRTEZRVE 1 B A R 7R 0E 5 0897 J R S0 A8 4k, Tl CCK-8 IR AR ISR VT4l 41
G FE R AT RS 5, DL R M /NE TR S5 R BoR, K BRI R s 1 A S 18 57
FEFA 2 837 14 K G @R 508 52.71%F 57.76%, & TR (39.84%) . [
i, S AR SRR GUE S S, R, | R E A E g, Ak, KRS
HIL-6 7K R4S 1 A A WA 55 B, 1 cycelin-DA Al FGF-2 7K 45 5 « 26837 CRy B2 1E 50 pg/
mL FIRE ) ATPLE R E 7 HACAT F1 NIH3T3 4l s AE R 5, DL ek T
HUVEC 4Hr/NETE R S5 RR I, b7 n] DR R R 05 D i, O TENLHITE & 2 Fh
TEF, BFRHUAR . AT /NS TR IR i A RIA

R LGy, HnEa: EESA: HlE KR
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A 45 B R Y 2 i 28 1 R KR
LB A A 4K 5 1 280 7% 5

P, JRRUE, IR0, REAK, K, PHIEE

JARMFEER S, JTREMILTT, 524088

WE: HA: W2 I E A R AR UM TE RERN K 54, S AR frdh . BR 25Ntk
A S N VT 5k MIRIRALREOR, F 2 IR A AR IR 205 R &t AT 3%
A, R FHMBEE. 7 /IR, X LR ATH AT T 2 R 2 I/ ik e
JEIF R ORTE S ERCR, I 5 R HARBOR BT LU, B AR N K MR
FOSIER RN . S52R: 2R A IS 20 3R nT G sk B A e e v, B
WA, FFar e M S aEE (i 72.86%52 71 2 93.15%) Hou H A A R
BERCR . G510 SRR TR T 5 A7 VA TGS 2 IR B SRR LA BE A TOUL 25 14
{7535, VERIEVEYI IS IR R BAT R4S AT

K HARDIK MR GOREH; HUMIERE; LA, ORISR
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2024 7K Il TANZR &5 R AR 2

A FH & FCAAAE T 1) 2 Y6 B A ) AR IR As 1R )
AT £ i H R 2
S, UG S ST, BREC, e 2
1. B RS, LT, 2013065 2. LigTii/Kr= S L5 e TRE ARG 0, LT, 2013065 3.8
ARBT S AK e BRI S S IR . GRSt , LT, 2013065 4.4 X R AR WIS 2 R

B4, LB, 201306

: W PRI BN Rk, A AL R AU RS
Bl o FEIE, TRATFF R T — ok i 4E e ey & e A4 e e A% J8s » Poly [(9, 9-di-n-octylfluorenyl-2,
7-diyl)-alt-(benzo [2,1,3] thiadia-zol-4, 8-diyl)] (PF8BT) Al styrene maleic anhydride copolymer

(PSMA D # H T #I % PF8BT X & 4 si ( PF8BT-Pdots ) . PF8BT-Pdots 5
cyanine3-phosphoramidite (Cy3) & RCAIER:, S 7 AR bl . 44 i oy 4
PF8BT-Pdots [ @ FLAA RIS, T 2O6ILIRAE R (FRET) , PF8BT-Pdots <
Cy3 WK —34r . LA I 2RSS A 3-21 nmol/L, MR (LOD =0.38 nmol/L) %
fik. PF8BT aptamer Pdots (PF8BT-A) F &l ] 5. b 3 1 /K 7= % 5 FH /K RN s f Hp () 2H B
Xt HeLa 40 M4 ARG R B, PFBBT-A B RUFMIAEM e AR A T RIERE ST - 1%
AL AT A PR AL HOAT I /K= 5 b AR T — AN BTF &, TE B 2 AR 2R 7
HHRAE RN HETT.

Reg: Ak BaWss aRE gihga; ARG,
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fitE 201 8% 2 SR IR Ak 2 A D IR ol e B LA 3R &
i
BT R

LA RO R %, WA BT, 4300705 2. FREEAHICE SRS E S E A sLI =, Wb s, 430070

BB CURT, BRI RAE A TG R AETE, Rh 70 2 0 2 I Bk B ik I A R R
fiff Ve BRER 0] R I A2 R R MG o AN BIF AT LA G R R SR (SCSCP) I K A &AL T 2k
(FeCl2 4H20) MR KL, il & 1 fif f I R IRk 28 &) (SCSCP-Fe) . Hff%t | SCSCP-Fe
(AR 46 T2, AMBERBERIBLI S T AL B X SCSCP-Fe &g 1 I s LA S A4 SMiE
PRIRSOSR, 455K W], SCSCP-Fe I8k AEMHI I BE =i T FeSO4. FIF 4330 1 2% F- B ik
HEA B S AT KB DTSGGYDEY Al LQGSNEIEIR H-5%f Hb ATk sh & e, %o}
FIRAR B A DU R AR R AT T AT« A TRV IR 7 KBS TPk B 1 2 TR 2
B, PPN T R R A IR R BRI SR R S I 1A% o AN U B D i o e 1Y) v
I AT B AN T R AR BE B 228 RIBAR S

REgH: RSESY; (RSPl EMARE; Hiagik
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fige £ £ JBE 5 ] AT HOK IRV T 2L

AMERE Y, AR, RWRWR Y, SR BG0E Y, bR Y20, Bkt

LA K2, 2B &R, 230601; 2K 5= WMIACHII L2288 AL s, “HESEN, 230601;

AR AEMME TR w8 AR ST R, IR AT, 230601

e [HK) vdes fEERN TP ADKEL KK, R 705 & T Am oK (PAW)
Ve L2 SBE R BN . (073 ) S T BURr I« O K) BE 1 B 2H S5 5 T PR A2
s RITEDE TR h PAW X # BERER SR THE T . D4R 55 B s ALK Bl A K
FRUL AL B RERGAR Tt BERE (BT 9 L, DA S B A5 AL R 2 ) 2 BE B v ) 1 B
D, AR B SRR, AR B IR A RO I f A R R,
B P UER AR A ph T LSRRI 51 O 2R IR, R TR I T SN B B Y = Yk N
gik . (458 Y 558 1A A K B R) S /K TR0 78 AR £ BE B R TRI I, 3 mT sl 1 e UK,
TWL KL 13,

Kbl Ak, e SR TIROK: BRI
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YRV A (/i R AN Pickering FLIR: &5 4
HE R Hont a1 (Trichiurus haumela) 8 e
J P e 1 52 T

ERSF Y XIBE Y ooyt Bkl #E Y BAER, R, B

1 TR, WLE TR, 315211; 2. RGUEEEKRY, HAL R, 108-8477

WE: HE BFROEES (OV) - (SA) E&FLALAIH Pickering FLIKKIMER . B
Ja s VPASASRIAR E PRI it i BERE I R 1k DA SR 1 B S5 R B RE o Jis I FLATRI
ARG /AR TR T E s, FLRAORAR. AL RS TE . TOML 4
AFARRFPE, LR S BERUR BB . FRE . RAKER L K70 O S5 F AT A R
WEEAERI . 25 Bl OVISAWREZRIIEIN, FLMIKAR AL (FUED SeillE3gin,
ARBTG5 BTN N OR S e BERE AR L, LRIV N o T IR L 1
FEAKYERGKA EAE ], 7o2E T SR BB 48 4544 . 4538 I\ OVI/SA Pickering FLifK
R R BRSO I R AR AR, T A 0 o e S it (14 Th BRI

KB : Pickering FLil; it fRE; BEURARE; HARAH
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YN 2 B2 2T HE Bl 5 51 1) oA ) A B L3
A 5 AR VDT PRI 7T
FARER, ke

o KRBT S e v K B ST, T AR M, 510300

B, CLUREERES 9 RRE, BRG] 4% LI AE 0 R R (acetylcholinesterase, AChE)MIfil ik, 454
AChE #liEEFIGTE AR 71, T oK i d I B AR A I 1), IR KR E . 0 T84
i BRI B B A R MEXT AR E R R . SRIR S5 R, ANEAR 4 h B B A
miE ] AChE #lifi2e, HAE A 18.0240.78%, 1x%5&4+ N IIBHE Y ABTS H HIEHEREN
52.5440.89%, & [17 & 88.39%, /KAREE 14.86%, 4T & <3000 Da (141 4) Lt 96.87%,
BK R S 34.92%, AAMR. RARR. HEBRATZR S ER . Wb, ZEEr
WIfe st fr Ca™ Rl Fe™*, Z54FR 45N 26.28% M1 14.25%, H.454 53 AChE HiliE 1A Bl
&, SRAMNVE B AR 2T A5 S A R T B T B S ASHIE 58 W] D SR TR SR 62 v B AL )
F 5 15 R G R B 1 550 PR R R R bR R S

KRB IIBESES; WM ZBEIHRREREGIIHIIL piEl: SEE T AN
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B AR R I R B o L S BRG] T
BRAERR M2, RBAURE P, ARNCS, BRIEZ, ROKER S, HEIME 2 BT Ak’
L WHTHIPER S, WHLA AT, 3160005 2.7 (KRB ALt ek =0 S23, 12K M7, 510300;

3. =W K= Fi B, WERE4E =T, 572018

fE: fE P AR A TR b EEBOR, B HCR A O D . AR ST AR
IR s R JERE, T PR B R AT SR B BRAG e S SRR I A TE i T
B LR TS DB AR BB I LE A, 290 909% 7 A, B JRIVREE B2 AF R A
/N, 434 639.83g A1 1590.83g;  170°CIHINE 4min BRALE FRERAG, A FE 5] N R# 4 453.679
1 710.83g, fEBEIEEAELR, AT ZE M EEAFI AT, SAE =) a4 m
AOER S MR, BERE R RS (P<0.05) , BRMGRICR BE4RTt. BEME A LLBIRE A Y, H
HAE, FRECA R 120°CALEE 30min FHERRAL AR B AT, S DN R I 7 R, 25
B Mg AW HEE AR, &S DAMS N H B R

K. P, g bk e, R
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ik vt EEL 3 ) A A 0 L5 2T 448 R 45 R AT B
(AL

RIS b, Mo 2, BE MY, BERDS YA dkuean A WECR M, SR

LR R, REE E 1T, 361021 27K S in THAR E R R A B LRER 7 O, #R e 4 H 1717, 361021

wE. [HK) Wammad ko bls (PEF) ABEAURL4EE (MP) IS5k AP L E
JRIAA . (7R FIFHVARREE . WOMEEH . RiAR. A7, WEIESTIE, A5, Ca® -ATPase
5 Mg**-ATPase itk BREES B, WURLFAEWIZAE5 (MFD R P ) 5L & B AR ST MP
HAPE BT FIHREGKE . R0 (FTIRD  fi806i (RS) o B i
(CD) #1SDS-PAGE R FUNUR L 4EtE A4tttk [42R] FEAE AL BT &, MP ()
VMRS MFILL BREE S &, UK EANA R h RS B Tha, (EXHRE R R A K. R
Ca’*-ATPase Ml Mg®*-ATPase JGEPEFEML. MP —Z&E ML B384k, o-18 e BN, p-
Prid. B-FMAMTCIAG & S, MBS EN. 10 KV BB, MP R .
BERIEANEVESR L . R KYE . Zeta BAALATRAR LA R . (458 ] St MP g5 Y
PEF 4bF 5 PEREAS Bk, ULHASRH PEF I iR fA7EvE ), v PEF TE/K7™= S IF R 2
HHEBSH,

K SRR, Ikeb sy, BACERT a9
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2024 JK7F= N LAz SR AR E S

]

P2 1) o B I 21 Ry o ] 2] 0 T Al R FE
Tzt
RS, XM, XzF, &M, B, Fe

EhE RS, TR, 121013

B (RS B SRR R, AR ORI S [ PR R el A BRK AR S f,  B
ou- F] 2 W A A o P B B SR AR R . DA o T T I A 1) 2 R 2 IR AR 2R N VR R
b, BN IR S BEAR RCR, T T 5ROl B TG OB A R A AR R . e PR
BRI RLECAGSCES, BT T 65 fE oS AT B A I IR 1 B AR AR AR IR
BN 0.6%, BREHOY 1. 1378, WiEEAM SHEABKELLE )y 1. 1.623, E& pH
N 9.1, BEARIAFEN 46.8°C, BEARITIEA 4 ho FEMCERME FEGAR, oo %0 B 7 BRI H12 h
41.92%, 5TRINME TG 535 25 7 (p>0.05). % T 246 F Rl & S ta B i R R AL A S o
T R AT R, D B 0 v (AR PR R R Th e P £ B T TR T — S
%,

R WEEA; B o AR BRI, S i
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R [z P AGES IR 28 5 HLBR 2 B0
MR A E R
ik Hk

MRS, IIARBEF R, 266404

fE. [HM] JFUERE AR IR T 2 BUR . BT FU RIS h A8 S B RENS VR I S JE AL Bk
BB, 8 56 A S BB U R LR A 1 I A 2 2R BCRR S (I A I B S B A 4K
72 (AGEs) , SEURHLE N TGk 5e 4 BRI S JFVLER 8 B ROk, A ST AR 26 0
WR e LR S O BUE AR AN R, B TEIR TSR B S R AGEs AR JE Lk 2 1 ek
. (k) REARS TREIOMES T CHEE. 2R, 25 0. ZFERMaES
CHE SRR IEREE COEAT B, A SRR EREE (1 -WE A R OO R A
JRVEHEA 53T S48 S RS SR LR B 1 I R AGES AR (b A R FH 5% 4 MBI S 12
BRI AR (ELISA) BRFUENIERE F-FEE &7 AGEs 5 RAGE (Receptor for AGEs) %2
PRI Ei&ae 71 FIH RBL-2H3 JE SRS A 43 47 LR & 1 -HE 2 S rh AGES X HIE K 4 il
JoRURL I LR AR . D45 R Y 25 RR . o PR/ T, S 5 ENERE AR A
BEIEAL SR, WERLALFE RSB R, AGEs Fll CML (Ne-¥2 HIEMUEIR) (A Bk, A s
5 RAGE Zh4it, SEsmAE KR SRR SR 43 i ROR IS 20, 2 I BB,
BRE 5 SR LR SR AT ARG, RS FREE RIS, AGEs #l CML AR IR, AAS S
RAGE /&% 4, IS5 LKA BRI R N . L4518 ) /N 2072 AR RS, 3
755 FNIERER ([ &8 A i AGES, ilid RAGE 52 Uik AR 20 i (4 it Jikr S 57, B AGEs
HA R AR LR S A SO e A

REEw: U5 FRAERMN; FNERER; Bl BIHEELA AR

196



2024 JK7F= N LAz SR AR E S

TR A0 Yol K 20 20 A 42 A o ot ) 52

TR Y, R AR BRAERKZ, BERZ BRIEC, AOIME 2, BUKGRS, T

1 LR, BT, 2001205 2. K BHEHE B R BT SR, TR AT M, 5103005

3. =W K= 7B, WERE4E =T, 572018

FEE. Dy R AR R R DR ik A SRS, DAASRI S PR T A 30 25Uk, 2>
e e % B O BEPCIR . SO RE ) Sl R B R L SR R SO BB DL
SORFRYIE . PR R R S BRI, 2 R T A R M RE A E K
A SRR 7 R S, RS R R R B R . BT i 2R W P R 32 TR
FErp 2B 22 AL W R g, HAkEDREE)E, NMESM AR BTG TG ese
6 WY e A5 A ZR M A o N TR v T BRI 2 S5 R # 5) o T FER W R S R IR BN R
A RN T K> AR AT BE B, FE— @ REE LA RIPRM AR R, T e e U 7 b
Y S (R PR R o o

KRR W FOWIERR doh AL Mtk
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(RN YN E R N S AN NP AR WS E L L))
T T
XUBSEE Y, ARthBEt, BORREES, WML, Boded

1 e RE, i, 201306; 2. KyWH T R, WA KT, 410114

wE: [HY : RIOKE YRR 25T 2-26-3,8-  F SE M| (4, 5-F] U2 Ik (Mel Qx) ) 4 i
AL B AN [ o0 2% A0 T PR S 0, i o) 2 S e B B (0 A b (B Ak 3t L7 122 ):
DAZ ARt AR RO T 5, T KRR AE R (L-PUR IR . ARG . JHBEIZ . JHFR
WLk P ) MelQx I A B BOHLEE s R FEAS e L 077 sROK & hAE S BB ) i B2 (180
210+ 240T)A NS [E](104 20, 30min)Xf & JE i MelQx AL, [4H]) : LR
SN MelQx 11l 55 S £ A A4 PRIl 751 s 7K 8 B R AR HY Mel Qx, T 45 sl R el VE £ 1 1) Mel Qx
i L A1 Y- Bl a8 I H B = v] e AR BB B MelQx T i e v (] 4 MGO,
T AR FE A s A A0 TR 8 RS (] B 3 o, 2 0 ) MelQx e & 8 2 T

REEHE: M ) N7 B &
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P AR R AR R AR B FL TR AL A T 7

Wogar Y204, FIRTE P, RIOIN YA, R MRS, SR YOO, il VA0, g 125
L RIGEER S, | ARAETILTT, 524088; 2.5 & LI THARM & 70 GEYL)) , [ ARAHILTT, 524088;
BTTHRAEKFTRINT S % A8 S50 Es, T REHMITT, 524088; 4. RAWEE S TR R A O, T

HRABWITT, 524088

wE. [HMW) PFRAFETH T2 F &Y (Crassostrea hongkongensis) - IHFE AL,
PRI TRAE R TR R g . [7E] RAETAGR TR, S T8, BRNT,
PORATIRES 4 Fh T 2HI54HA5 T, 454 TAV M OVA BRAGR ALK IEREMEFNE & 1 sk, B
FH R 5T 20 27 A A 27 3 R AU 2 27 BRI 8 4 XU 11 T 2 R PR AR ALE SRR 4 B AR A AL
CE5 R ] POTF R P2 AR BR H: Glu, Ala. JEIARE . FISEHH. IMP
AMP R4 W TRHEEIR I TTHR S, FLEERFIEIR A R E R M Ol PR, PElE.
(B, B) -24-BE )Rl (B) -2-Z8)fl . TREORATIG T IR IESE R M R &4 4+
FERME R BT R A & A 0 2k —HBk. HONER T \BRI AR B 7
TR M = BRI SA AL A TR 2 RN TR = RS WA/ T AR rh i 2 2
&R, LowdlR. ERER. SR, R-2%R. FHEKR. B-ARIR TRy
WS HFENERN, (RS T R R XK T . L4518 1 F-1177 2O T (1R
AR RRAT S35 5, T o S A B A P R s B IR AR AR R 17 A 05 e AR XK 470 52 1 T
Fio

SR T PRI Wk RIS (Uil
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FLA KB B S P2 F DEHP 355 HUBENE /)N B
A= B 450 R0 g 1 T R R

BB Y A WA R gL, Fm

L RIGHERSY:, T REMIIT, 524088; 2. #ifibe, WrdEHED)ET, 4630005 3. [E R NN Lk

srty, TTARAWHIH, 524088

WE: H: A% W] (2-2% ) (DEHP) 2&—F iz i F 8 88550, w5 ik k
FASSEIE N E, UHR R AES, EaSREAETE TR, EEIERMANEE. A
FETER AW A4 (OPZC) Kigis DEHP 5l itk /N A . Jrik: Bk
A HE . X SHERAT AR E AT, SRR A% K OPZC pIhE & HAs AR e s Hakidid /s
BUSEIGHR T OPZC X DEHP i3 %1 ICR HEME/NERKE T 240, SRALURIEL M. ThlE
K BANRERE AR AT VTR S EACFRTER: &5, WIS A
16SIRNA I Fxf /) UK T8 A R EAT J0 b o G55 IGRIEALIGIREE &4 (OPZCL)
RESLZ i DEHP X HEME /N BAETE RGBT . BAh, EIEFRR 7 TR 1TRIEEG], 3N
THECE IR JE (Ligilactobacillus) R, k& TEGATE ] (Acidobacteriota) , Z¢Z5
"] (Chloroflexi) FIZEFE ] (Proteobacteria) L. 4518: OPZCL ni@id k&2 % AL eEfa
AN TE A DR R 2 PR 2 DEHP /)N BRAETE RGEH4%, R B OPZCL X 55 A Fi fi
FREBA SRR ER o

SERE: MWl R A DEHP; LB & MiEtEwR
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WG B 25 A IR 7 B Aliqh . S5 R RAE BT A
I
R, BREBIER MWD B, MRS MEEC wa’

LR EZ RS, AT, 530000; 2. J REFERY:, TAEKMILT, 524088

B AR RBELE 3% 7 B HEOR WA R 2 B 11 FhERSS A IR, SRADGIE a6
G PRI R R A G AU, FFRB B A S IR AT Caco-2 4H AR 2 Al HL v AL Wi
Fitk. 45 RRY, B AROR PN 45 NS ALE, B EEE AR (Lew) .

BEBR (Glu) FIRAEIR (Asp) SGFS AR TRAE MG B v MR I B A R T 5 IR S
CEOHRRAR E R, BKEENT 20 A BiHAE, BES AR — e RE L
I, AR R EN (p<0.05) « HHLiih %l 10 Fdrs &k, 218/
1000 Da, Herr 7 R AL BT — 3. 4HAR SRR AT, FEas SRR e % FasE @it Caco-2
YA, HARPIRICER N 74.37 %, YRR N 76.40 %, H#x 2 DK 208 i 40 i 5%
RN 1 )5 305 Caco-2 4il i 2 s fir

Kbt Al B 2K Sahial HRICRE
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ZNAKTORL 22 5 3R -5 DU W A RO AR EL AR R AL
B HAE FLRS E H N
BCES MY BRIEAE V2, OO MY, RBULYY, EHE Y gt

1. Bl RY:, LT, 201306; 2. Lilgxci@ ke, LiEd, 200092

FE: H PR B RS D REVE TSR AR IR A B i U IR TR, B
RN B R A A5 R AN T RE TR A 03550 o ARSI T 2R S 4 Ffie R, BBG,
KB EIAIR, CFG, MR, FG, MM, PSG) MIAHEAE ML LA K I /2E 35 = 4N
KRR G5 R AN T RE LI o 4 Pl BH IR 250 PT FH T4 46 DL TG 28 TEARZS R 22 38 3 N BRI A IR /22 3 3
YRR, GKRLI RN 5 ISR BT 5% . BIJROMI 2238 3 2 A) IR 285 6 S A0 IR T I e R A
AP T 1o TERAR-Z RGN T I RS T R A Pi-bedE Al B HIA
Pi-FH & A EAEH . 90KBR LT BBG. FG fll PSG MIKIFH/AKME, MAKT CFG
T BR K IE . GURBURLALIG N T BRI T 5K 71, BEAK T BRI S A S sk /. DhRedett:
BT B I B GKBURI AL . B CFGICur 4KBURIALAT, FiAt BA /25 35 R ALK BRI AL L
AH LB R S 3 G T LA R e T o X TRURIE 5T D B AR 5T 44 KOk 1 9 AR EL AR R AE
Pickering FLiARE H BB AL T IEAR RN
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IR B AAAE 315 56 R TR T B8 R H ORI 5 23

BORTIR, XIZFh, XIZE&sh, JhER, 2

EhE RS, TR, 121013

WE: SEIRMETIRERSY, W -3 IRIER (DHA. EPA) . K% M HMMRAMELE LR, BA
AVEAER R R AR T | 32 53 o IR, IX LE T BE B A /KA £ it 228 S FROEGA fgf E RX A 85
HE < oty RS MRBURIE, BRI T ENHESERR A IR o kB BRI
LA AR, BES A ORGSR IR TE D RERE 7y, 8 S R AN RIS DR 2K T e, ) P4l e L
FERNREVIRIR B . SCREVAGN 1 UM EZGREARRT, WRRGURILIL. URAEIR
REMIPIREA . REFEEA R BARRGERE SRR, 8 T ENHERTH AR L . SEHE
1F1 38 & A 2088 5 T (O E TS BIIR B 2% B DLk i, DR R RIIE T 7 [ 3EAT TR, B AE
PZRREVE D RE M fE & AU ) i — DI R IR 2 5%

S ARAA RIRMEREGY: BRBIE, PR
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14 5 R Kl £ E 5 A LR L i
554

ALV

B BARN AR R, mrE YT, 650200

WE. AR TR SIS ARSI T OREE T (R 5007 B 7™ i 2%
HIsgn, PREESOR BT ARSIV E 2. AR ERSE, IInGALoh. AR ERR £55%, P
He R B3 A PR RS ) BT AR, T N T K S I . ASCE SN TR
TR FEAAE o S AR B b DR EE P AR IR, 8 0 b T8 R Eh2RAE 2 AR 40 7o TP iR R
PR, BRI AN R S5 BRSNS #00F7 JE h Jo  ORESERCR R B B B i o AT LSS R,
EE NN R ERRAE ST ROE KT AR 7 (ORI, RIS OREF I ABRAI B . BEAh, A SGRIR
U VAR SRS T E IR O ORE IR, DU BB & SR AR IR R B . i, A ey
s B TR SR SAEARORIG i N AR K S B S R R, R TS R A AR AR
FEORREBL i 22 4 5 45 (@ R LB 2 1) ) P67

KRR PRI T AEE T N OREE YD, R 5
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I 42 P PR AR T 5 B R AR T 28 PO Ao B A 3
K ZH =405t
FEWH, Fil, BEE, TR OBKE

o KRBT S e v K B ST, T AR M, 510300

B IR FUARIR IR <5 At R AR 8 v Ak 1) 2L i 2B Rl e /) ANBUR BE R o0 A, Nt o)
BURAMIRREE . P AL Rt /g, R T RERAFIUEE, ik AN 3 HrifiE 70 &
PRAERPIKF B33, SR EEACRE R AL AR 70 i A BRI B R R e 85 SRR, 4 °C%
PE R PR AL R B A AE R ZE 5, 48 ANL 0 HT 5558 2 A4 Bk 20 Sl A 4 1k EE AR
P (Morganella psychrotolerans ) F1 & [GJEE R B ZE [ (Morganella morganii subsp. sibonii) .
B R T R R 25 SR 2 B G B R AU S 20 T 11 AR Ud I, 5 e B A A i) SR B R A
[, 2 AR B R 43 BB AN A BE I8 M VERE R o W 72 S R 2 THI 48 7~ T M. psychrotolerans
A1 M. sibonii 5RZH 1A= il BE I AN BUR T T80 73 FHLE RN ER ST TR (AR A BB L
HBEE | RAF R

KA A TEEEARE (Morganella psychrotolerans) 5 B FGEEAR 1 %€ [V Al (Morganella morganii subsp.
sibonii) ; &Aufh; RIEHN)T: LCETERH A
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2024 K= Fh i TAIGEA R 2R A 2
I ERERE AR - sk oA 77 . mAE WA X
IR AEE YRR AT

mid, EXE

ViR K2, KT, 400715

fE: RV BRG] AL TR, bR (Gelidium amansii) (5%
BT BRNERE & & B A YNSRI SRR 3,6-WiK-L- LSS s e . SR, H AT
AL FEA PRI 73X e 5 () AR o FEASTIF T, 3RATT T S add A de Bl K FAOK AR AN
BRRRESI & 73R SERE (AOS) , FFRIHENALI B - FUBEH RgE— DAL AOS A HUB B
ESEHE (NAOS) o A B K AL AN — DB S N, SEIL T B IE M 17 AOS B NAOS 58
aith, EEE R asR AR, R, 454 Saccharophagus degradans 2-40T SR B-2
FANETIGS a- B BE XM K Gl (SANABH) X AOS #HATAbER, [ H 58 b hmpE. it
— | R I BE R A TR R R A FERT AOS Al NAOS, & R SEHL T AT A FEI
Wi lasERE R 8 . I 3,6-hi/K-L-EIME S D-FIFR G 5 S NFh s A st ke, 45
SRR BHE BT E . KRG SRR I BRI B2 FLAT R 55 TP o AR T g
EAETR SRR A ROF A D-E 3B, RN OREE 3,6-Mi/K-L-2F2L0E, MIMSEIl 1 sz, Rk
AL ORI 3,6-BK-L-FABE AL T2 AR FA DS %A R R & R4E AOS Al NAOS
SR T EATTE, Wy AOS FEAM AR SR EERR D AR Ty 16 14 4 T A S Hh BEE T AR,
Al T AE PSRRI RRAR 1 RAS, JEoRs 1 R AR AR £ 5 I 24 U ) ) R T

SRR IRARNE; PR BRSON; mARE; gtk
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BRI NS 5 0 1 X i ¥4 14 R AR T 2 A2 e
1 52 M B 5

KRR R AR B K AT, TR, 510300

HE: MATEERE (Morganella psychrotolerans) 1 i ¥4 1 4l A i, AES ARG IR 251
NAERKIFAERANE, TR RE SR A B i h G S Bk, SR ERKAE . AR
JLRE 7T 100 MEEFES, KIL M. psychrotolerans |32 /A T i k2 b, V5
RIK 34%, H 7 BSk¥ BA BRI AE LR ). MBS, (Quorum sensing, QS)
SR Z R ThRe, ARCYIBIRT T ANEEIT QS 557 F X M. psychrotolerans 4
A B SN, R ILANIEER N Al-2 {55 50175 S AR AE a3 . B9 B 2E 7K™
HAEAE [ ZEL IR B2 ] R A P O S 4

REEH: K7 hh REAIENL, HRZ: AI-2
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FAEHETT VRN T /K PRI BRI RE AT B B AL
T S AT USR AR AL A5 0 S

BER, WML BE, ROCH, AR

EhE RS, TR, 121013

WE: AW TARGE % G 28 SO nRRRLE ) TS BR A BE T8 K GRS
JE BRSSO XR AL (5 . 45 R, 2t FEALFE (Csteaming) AT JE /K {35 26 b
(WLsteaming) F¥IF 5 f AR B fe s 3LPE (P < 0.05) , R PRR T REEERIZZ BBk (P
<0.05) , HEfWRAER. &SR AT 5-IMP FIZLER. B4k, KRR AS
A T2 sk I B R R 1N B i BB AL TBARS (I AR T HAR b BEAH (P <
0.05) o Jn#hAr BEFRE P K 3 B R LA AR A S BRI K aE k. @it T
7 [ AR R - B R AT, Rt 35 MR YEAC G, WhaE 8 Tk, 8 P,
1 AR 5 A S EA A 6 FhEAT 7 Fhi .

%%ﬂ PR RHA R RIE 7 SVeE s BRARE KUk
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i k- LB AT T R B % /N B UM I
HLAI A AT

HHESE, b, ERM, KBk, R

RS, IIAREF BT, 266003

WE. NEEAENERNFEELHE L —, RECHEFRRANE LA E Lh191404 A&7
A B BESE I (CEP) ATV RO PE VE 6% f /N B 1 ) S Ik, (R H TR T CEP ZKA#/N
T ARG AL R I ATEW, SBUNEE A1 2 5 AR K AR R AL M R B . DRl At
F0H Jeil I 2 R 20 T ) 5 A e DK B 2 AT AT, R BRI R e — e AR E b
A DMRE KRS TR, EEGARAE 48-60 h i B[R] Py 48 58 Ot /N B KK AR ko, JliE
454 BepiPred v2.0. IEDB Elipro. ABCPred. DNASTAR Tl i3 /NEEE B 40
TN 5 45 A O SCBRARTE 1) K TG P % £ /N B B BeR A, mT AR /NS R A B
RN, FHHBAENERET, it KA S RS T T/MNGESR B 4
KOOI, VT ZHEAFREE LR TONERAPUER RN .. B RATE T
Discovery Studio 1 Gromacs #4771 X 451508 J1 5 B4, Tl 7 CEP 5/MEHE A
Z g AL R AR EAER, 45 SRR IINEE AR IEX N CEP 456 s 4 G0,
Hofir TR X R Ala's Asp®. GIn®. Arg™ Ml Ala"" 7] A= B A B PR BE T i BE 2R (1
TR AR /NG B LRI £, B #8-5 B 2R Rl K /NS B T B DI BN i S 45
ERTR, 3B 70 AR RE A R ) GG H A RSOIR H A B T 5 A T LR T B A IR SR
¥

R 7Tl EE AT, NEEA; AR AN
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=P T EEUTUES 45 & 8 F R 1E J HAE
SR A I A N

RIHE, F R

RS, IIAREF BT, 266000

B MR AT SR R G B R P R SRS R, R R ER ] B8 S R 1]
B, SEEFRAE T =PRIV 56 8 1 (SCP) FRIG HAE R ATE T s il 2 v o
B, X =HAR T B SCP T T KT Rk REHRIL . SRR EAIEEAL. Fu Rk
ARG . SRR, =Pt 71 SCP IgE 45 &t /150, s Ra ek R if, NAE
HRR R Z AAFERR X R B BifG, LA SCP /R MBIz MHALS (ELISA) FIHEE A,
VP T PR ELISA /R R . Hrpia 338 4 ELISA GicELISA) Ry %8 . Pk TP ft
SR KGR FER . RS AUX Ay HISE I HARA A, ELX 22 A b £ SR TE AR . 45 SR IQIE T
FET SCP HEAT H e S A I 1 T AT 0, et AR e At U R I B T 38 7

K WU GEA; P, IR el
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=R T B IR LR EE A B SR T 2L
YODEU 2, GAMES, VR KA

LAREA KR, WERE N, 361013; 2 XK, WEEEI TN, 361013

WE: HI: =W 7% (Portunus trituberculatus) 3= B () i 5 2 JR WLER & (A

(tropomyosin, TM) , =R 78 TM 15 B 240 T R Ge kb 45 e Az id B
AHRERERE . J7i%: BEF Buffer A &I 7] J 8. Buffer B i i 1] A 8. It (a7
MEFERIAN RV R R B MR VRO TM 0 B IR AERCR M, 4L TM IR T Z. 45
Buffer A 42 30min, B 3 7k, Buffer B i g, IE T EEfi (ol 50%0T BR H i Ay
Waifh, ATHRARE A PR TR TM. 2518 25k T =0 788 TM 3R T
2, WO TIRBUDEE, 4R T HREUN (], RS T SRR TM 4.

Regw: =R T8 FENERER; T2, o&aitt
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2024 K= Fh i TAIGEA R 2R A 2
B PR AN KU 2O S JE AT R PRad el 1
BEH IR H EH

bkt skusdn Y, BOEEES, KT Y BREZ M AR M, WER T

<.

LA, ARIE B ST 1T, 3610215 2. /K7™ S IR N T R [ S5 Bk 45 TARERT FE Lo, AR A2 4 ST 17T, 3610215

3B R B R A PR A ], AR 17115, 3610005 4.7 [ T A AEMHARA R AR, A E 1T, 361000

fE: [HKY JPRET @IEAKTUAR 26 e =i iims, T PuE E . Sl
o BE T L R PSR YR 1 25 (Duck egg ovalbumin, D-OVA) . [5E) RAE 742
e ZHralifl D-OVA, BEATYE 4047 . JE T MR B A R R BOR SR SUBENT e IR T 0 S 32 Ak ) A
[X (Variable domain of new antigen receptors, VNARS) & B4 3 12 i g 2k 4% 57 VNARSs,
FIH HEK 293F 4 AT gk Pk i RRA At . DL T mUREPRICOR P, HE
TSR R R D-OVA Z6kitatst. (450 ] Bk % e s RE\HA T maiEm
D-OVA. Western Blot Al BLI (BioLayer Interferometry) 73745 5 3412 B 40 K ik 14A2. 14A8
X} D-OVA el SR E . 2 ekl k4] LOD=10 pg/mL, 1Cs5=0.43 pg/mL. [45
W) T8 WA BRI SCZE 1S B I 4K DA R B 85 v ISR AN SRR S, ST 9 e g
JE ARSI 75925 T S 0 £ JBE v R 2 7 ) R A

REEE: B RRIEBURE AES; GORGUE; SO RBEENT

212



2024 JK7F= N LAz SR AR E S

A B8 1 R R I A DR 2 A I e
55 8 H T R AR O SO 5 R A & 7
G-

ORIt ek 120, a3
L LHRPER, LT, 201306 2. g HER & AL S REAS S L HORIRS T &, L, 201306 3. |

HEK P S TAREE TRERF Sy, BT, 201306; A& T EGIHE O, T7EKER, 116034

FE: BEY) . A BB K i SR AR B R HRRER . O TR A
RV A BLAE R T B A R ML) (VOCS) ARSI . ASHIF 848 LI 43 25 8 A

CWPD 1) 7 Jig o ) 484k LA HERR AR B[R] 52, A 1 40T i o AR LA &2 VOCs 381k
RILT 18 N5 A BE R ARA S KB VOCs, FERI AR T A= 5 1 R
-VOCs Z [B] [T FE R R o L T 5 A5 HRFAIE KUY 57 %5 DIAH X I8 4E 4 (Vibrio, Vagococcus,
Pseudomonas, Psychrobacter 1 Shewanella) , [FIIJIEGIE T 58 A B <M 30 4> 2 FAR
YA 6 MREHEE . B, ZBEFUER TR AR ESUE R TR B RTE E A BLAE
HNAEY-HE A FR-VOCs Z [H] [115% RIEHLHT ) WA -

Regw. fptf; HRMALEY): EAR: AN, RiHy
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1% B HS-GC-IMS F1 MMSE-GC-MS #£4iF £ =
bt ) S S AL S
AT Y, AR RE A MiSCIE?

1 RS, LT, 2013065 2. fHRc—lr gl A RA R, L7447, 118300

WE: RAMEFE (E-nose)  BEAAM BRI I AEHCUA G 15 B B X (MMSE-GC-MS)
T2 S - 8 FIE RS (HS-GC-IMS) HiAR, Xt 2 7= Mk 1 & SRR AE AT T 20 #7
MMSE-GC-MS 1 HS-GC-IMS 73l S FRE ity RSl 21 71 FA0 64 BRI &4, A TH
Pt B RS R R ML 1,3- IR 0 1,2- W E-4-T FRBERR MG . 1,5- 3
LA =R 2- Ty HAR KR A R RRIEE R (BD -3- DU, 2-1E T A
PRGN 7S T g 715 R 80 PR R AT 2 05 3,3 W k- 1- LI M - TR0 -3- T B ol £
E3ERY; 1-CIRFE-1- IO 3-23E-1,4-C M 2- TR 9 Rh & R AEHE R B hes
1+ =95 B AR AE Ak B (R FE R A5 2- 23 1F OO N AL AT B ORI R A o IX AT A
ol e ()P ) L A3 SR AR A T B A — 8 I BRI

REEH: G, TG UK SRR EY)
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i 7 OGS L BE R b “ IR B 52

HaA Y FRAY R SN wHR Y

(S

Adul—

1 Hergoloks:, WAk I TT, 4300705 2.91db Rk, WAk T, 430062

B PRIy O BRI “RE AR RSN, DGR HH B BE AR A R BAR T AR R R
%, AT FE LAAS [ B 5 R BE il b o i) okl A e
D BT R, b 7B SRR PR R BUE S SRCR, R R
(9T ok B s 5 R ot SRR TR 3 T PR T 88l 2 Or el Sk ™ (s 25 RR T, et

M TRk Fed HAACRE B AR T AR At 4. 5 B 3 AR ARG Y
AR B A T A R R R i A P R R AL B T 35.85%, L ELARAR IR A
BABRAEBATRE T 9.2%. HBBUCREAEJo R HIAE b 2 B A A B4 T R T
32.54%, 111 JC 00 AR RE i AL BCH B AR AL R BE T 10.26%. P ERR T AR y T 0,2 A% il
>4 AR > o AR ) > A B A, AR 702 AR R 5T FRDRE T 22 5 i B ) i
J5 P AR R o 3 b, To AR A BT 2 AR il A DU A AR SRR B 5 B RS A
FERERRAG, HEABARK T LIRER, A “ L 2R 1 etk i) s K.

KRB fOEHI N IR BT BT AURRER
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A /N R IMEC TR P 5 R B SR PSR 1 o T IR
REEFAMFT

T2, ghs 2 BT Y2

LTI R BE, AR AT, 210014; 2. RN K™ S (REEIE 5N T H RS BRI R, TTJ5

BT, 210014

wE: [EY N7 8RF/NRER A BT, AT H BT TR B (CPY &4 (RF) £
PR B A BN IR R EEE A . (0715 ] DN RIERR BT B, 23 BlEAT CP. RF
K E RS AN, WA RO R e R . BEARPERR . BRI E . KA. AR 2
SERRIRAR S BTHEAT T 1P . (4] ARFE BV 80 TVB-N & &, XHRZE/NiF 6 d &
AFTE R, RF+CP ACEUEAE SR IZEK 22 12 do RF. CP Fl RF+CP ZH/NJRMRTE I3k 4 7]
TBARS {HAIXT K, HIARMBITIRME. LF-NMR £55% 8, 5 CK Al CP 4L AL, RF Al
RF+CP ARG P H HK S EH D, AR THHIK ST . FTIR 20478, RF 1 CP 4H/ME
WREE R ol e S R, N RARE A B-Hr S ARG fh S =B, HLE 58S B4
ZMAYR . Jbhh, RF+CP ACBELFH AR KR T /N JRUR K I g PR FI N, A RO S% T 56
AR AR L, W BT RN T NIRRT R . (4518 ] AR R
B, RF+CP AbHE A A ROE K 2N IR (R 5 .

KA ANRAF: GRS S BRSO
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GEDEHARIN B -T2 2R B 99 S AR
o i 5 B

WA 2 S e BRR L RABT L EE

1 BV RS, LIRETE, 2013065 2. LiffsK7= dhohn T & il TR R AR 5 0, LT, 201306

fE. CHBY AR TR ain p-5120 b 300f Mtk i zh b HR 2R 2 i O 5L (3 0 JXUvk
FEAERE. [k ] B & AR FZK T (0. 504 100, 200, 300 mg/kg)f B-iHE k& ik56
TR, HEAT 70 REMEFE. (4R BOINE R -85 by LAY th Ao 2 i g 55 rh 28
R RTINS AERR A AT, PR R P SRR MR BRI EHRAN SR
SERRIO S B . FERIINTRERE A, FRI0 100 mo/kg BEAT RIS RT AR T I, AR R %2
MIRFIEAR RSN (- AL TS . 3-HIJE TS, OIS, KHIEE. WSLNLRR), SR, &7 B-
A N 2(300 mg/kg) 2 Xt Hi Aok 2 % B SR A AR RUBR = A AR . (4518 ] 7 70 d
(RIFRFEE A, 100 mo/kg 1) B-BEE N SR I AR S AR PR L4 e D SR & Y A o

S, PAEYEEE, URE; BAY MR BUR; WEELER; B Kk
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IR 26 A HO AR BRAR S B 57 F 51
il 7T
i, FRE, FEE R

RS, IIAREF BT, 266400

WE:. RIWERE LT s AA RS R AN M e R e, SRMER /=K
(HCPs) T IE S A i 5 B 1 IR R 5 22 P Dy BB Vs PE PRIV T A il o S D A Rt B 5 4 F
PR MR, BT PO A, RV E AR (HRP) [ ELAE R
AR FE 08 3 DA A R A B ' PR T S ROME AR AT T AR AL 5 RAE, RIS A K& X-Hypn Al
(X-Hyp)n EE T, HALLE O-WEEAUAS G = FUME TR PR RaT A b SRR A
FRATTEESL ) FHTC TV T AN S 4 PR A FA R HRP L2, 7240 2~6 Jik o ek 92.2%,
FEIE IR & 54 136 4M/1000 AN R R . K DIRZAE) 1t AR, IR DI AR
HRP J5 NI #A HCPs A 12 Fh, M, Pro-Hyp MIIMZ53k & i m, kN Ser-Hyp 1
Hyp-Hyp. 741 Caco-2 JI7 b 5 2 A5 28 1K BB 7] 8 245 400 Sl P OBt 98 R B, SR B AK 7 HRP
BEWs et B b+ IR iR R b, e REIEER 1. B E A MTEIL
B S5 BRI SO B B e R8s, 0l B R i IR 5 B (HIFD 200 e 1A S 5 A
o FERTEN IR B R G A0S PR 2T I/ BRAR A bR, SR AR I HRP A I 2 406 JHH i 4
MR R I RIE, (e E i P R LA AR B 1, IR T P A HIF2a 11
FesE Mo WG MR HE RIS . A N LEG (PHD) BgHHI3) /) 585 . A4
JEFUESEE . SR E BRI E R T A T A R OR, ST HRP 144 P PR A
FEW) HCPs Mot i b7« REAEFN S AR P PHD 35 77 2 A e 4 M R T 4 1 TR A4 /R
THREER I (AH>0) HIEHE (AS>0) HIE/KHH TR F RS AR BRI 456, HCPs BEAT
5 PHD W& OB T IR LA B, TR SR S5 & 1t O 2 (AR s (B A2 BEL, - AT 446
PHD i&E. S, SEHAHE: HRP MIHCAUKNAE T8 PHD-HIF2a KIE 7 A TIHLAR AR
SIEH.

R SKPAHE: BRMERRIG S ([REFE SR T Rl
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$7 5K 5 2 RN U e FL AT o W it o 4E 55 T 1F 7T
B4 2, WEh 2, MBI ?, AR, BRI 2, MR P, A, &)
LI ARIEE RS, T RAEILTT, 524088: 2.7 EKSRISERT BRI AT, AR M T, 510800;

3. =W K= Fi B, WERE4E =T, 572000

fE: [HM] WAZERZHE (PHP) XHARBULINERER s 4ERrisemd . (7% ¥ %
FEHMZ 225 1 mg/mL. 5 mg/mL. 10 mg/mL PHP, £ 1/KA1 5 mg/mL B iR =5 I
T, -18 CCURFEVR IR 30 d, 3R 5 d Mg —kd8br. (45K 45REY, 5FAxHA
FHEL, PHP AbFEWHESaR KA /T, BRRARAI R R S B0k, nPibE A 508
JRAAL, IEZESRAES R TR B RE S BN S LT TERR M AR e, T
b pH E S AR . HE et 54 i Br gl R0 PHP AL B K & 2E
K, T AAERFROM S M A e V5 Se B o KM FEAR S S TUER BR A DGPER /K 7 AR A 2 R B0
FECNM S S SR R &, 1T PHP BE S/K - HH EARR, HMIvkas A, DRI R A ST 4 1)
PURIRAKE R . (450 Y %A 2 PHP (SR E TR RGBT SR K= i b S A
fRHE, VAKE AR BUARFITT KRR B — 2 R FE R 548 T

KRR IREEDHE; R JLNERTR, SRR BUARA
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IR BRI 2 RN AR T 5% XTI 7K 70 B 5
EFE. R AL B,

o KRBT S e v K B ST, T AR M, 510300

W= O TIREIR SRR KT, TR R 2 WE ORI R HLE . AT 7T Bl
ARIKIZEINIERE, RICIR I WX 36 A URE AR L R KK 7 AR A AT R A .
M= 23591 Y Smg/mL 32 58358 22 8, 258K (25 W TR) AN Smg/miL AR B8 R B (B A0k )i i Ak 2
Ja -3 CIi, Jf6E 5d MEFRIR. SRR, IR L WEALH W] 2R oK &
N EE, DV UREMO RS S T SR AR B AR AR L SR 7 B 8 R AR B 4R
ZWE AL FRAME] T TREM R 7K 31T R I G842 58 5 20 M A B R AR M B AT L0 T A 423K
Ro LR EPTA, Smo/mL (11355 AL 2 B Tl F 9% WM B ARG I RoK RCR - AT
FORIZ B AR, R 7K i DREE TR L 1 B AR .

KR IREEDHE; MRAXIE; B TR R EE
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AR A SO o 8 9 T 7 A R T R
HE T HI52 R
R, TR B, PMEIEZ, R, 40N

LHTLHEE RS, WHLAA ST, 3161005 2 WiLHEFETF AR WETERE, WHLA fHilimi, 316100

E: HE RIS 88 0 TR s MRS BE D BIRE . T8 I el
Fif figd % 1 i @ P A, ) B A4S SR I B (transglutaminase ,  TGase) 1 D- 4 Fk % %) b
(D-glucosaminase, D-GICN)AHZKEFEAAS AR > -0 D] 3R S0 A R 8 TR DA B I 2
s AR B 2RI E W S SR B M HEAT 4 DN EAR BT EIE TE T . R BEERE
SAUAEMR I FR A 26 E 0 - AR (ISR A 40 mg/mL. ZIEHE SRR IR E A 101, TGase
ININEA 108 Ulgs B pH 7.5. JRBIEFE 50°C. SR [a] 5 ho b4 N 1321 1E 1= 4
BARMBPEARE S 356 1,1- - FE-2- = RS FEH (1, 1-diphenyl-2-picrylhydrazyl, DPPH)
F H ) 24041 57 B9 (mediian inhibitory concentration, 1Cso){fi 4 10.02 mg/mL, R H
H3E M1 1ICso 1A 2.94 mg/mL; 4FTEIKEEN 10 mg/mL B, B~ e biaLEE 1EAN
0.78 TEAC (trolox equivalent anyioxidant capacity), k& 74 i HE JJE A 1.97 ODg (700 nm
NIE IROGRE) . 56 R fn REE R 200 TGase 1 D-GIcN BESEALMEM )5, A1 LLAS I RT,
HAE BT, B fEuthRe fr b R 7.

REE. W RGN, WL, PURA B IhRELRY
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T T ZX & & EPA ISR EE AR M A 5 i
il

HE, kR BT OMIRT R A

LARBE KR, BEAEI N, 361013; 2.48M K%, HWEHEM T, 350108

. JUMMEKEE (Nannochloropsis gaditana) & & 1+ FLMGER(EPA), & Tk Er= EPA
MR JER 2 —, e g ih 5ok, LA N, gaditana AR, 43 iR FH I 75 9
(UE) . #lln st CO2 Z£HX (SCE) FMIRIMIKHLIAVET-BF (NEE) %5 3 F T 24 B LB H2 1K
N. gaditana PR PERR)ST, LLEAr AT 1 AT ER AR IS e . BARIE BT . IR RR AR o3, MRS
LR HERAE R BT AR ARSNGB IS MRS, I3 T 0T it B e Bpoid .25 5 SRR
3 PO VIR B MR P i B 48 RS i 4k NEE FISRECR A, JLIRJE SCE, 1M UE $REUR &
fik; SCE 1 UE ) EPA &AL, 1ff NEE AP 2 AT RITIR & & 2 N Bl AR Ah s
KIN SCE UMM AR B i E A e Ty e, R HRCR IR IR B T A s st . A
[FIFRIHE I AR N. gaditana B P57 (4 0 5t 7= A2 T & 52, Horh SCE 2 3045 58 & il i A
Pl 57 4 5503 7 1k T 7T N B & EPA ¥ N. gaditana B Ig 52 i e o AL F 4R 6t T Bk S % .

il Nannochloropsis gaditana; ARVERERT; FRRE4L%:; PRAMIUEAL G
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Pt €6 ot B2 17 R 2% 2 R ) 1l 6 B D HERS P 7
PR, TR SRS, MR, BRSO BRB S AR, EEmY, RhEsk

LEhlg K%, WTEMIMMT, 121013; 2. R ZFEFLEHERAR, WAREMWEE T, 265617; 3.2 KiH

KPP FRIHA R AT, TR 51T, 125100

WE. RS RIES TR R, S5EAR. 2. SEEEMEEDT . A%
RIS I TR R, ASCCLTRZRENER, B E & R Al ARNE AR,
HhVE B S KA P SR DR AR, DIC e S0 P g, 36 T R DR R 18] S A6 A A
T2, SR ARE A AR B S AR - (SPME-GC-MS) B [A] & AR bR, W AR
WIS TR SAS 2 T B R O B2, (RIS B BRI AR S Fk e TR . S5 R {ER
fEETIE] 6.5 hy E&EAMINEFE 4%, R 70 °CHKHT, KEEEETTIL 45.19%, BEEWHA
76.37, BB e 5, RS S1IE . RV EW R R BB e » 2 IR R 0N 16.47%,
FESE s 44.46%, 7 RURIGS o DiRIZHE 2 kb R BERR (0 2B 3-FR A T R A Y

Ol FRESELRE N, EVREBHEBUIERCR R, KETRBTIESR. B2, MRS
Yo, AEOTRIZHE 2 ik R SE I oo o B € Jd R i 07 30 206 22 IRAE pH 7-11 I B 4 (R 3%
fiE ks FFKVERE pH RSN TR K, 50 CIF IR PE iR tE o 12%07F 7T Al Nifg 2@ P i fE AR A

R SE .

XA (RIS ZI mMNmE; BERE; SPME-GC-MS; ThAg4F M
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A2 B BRR BE AR R i AV E 5 o)
At FEATI AN VAN EE R Tk KO IS TR] F 52 i)

JRESRAIE,  PRERHE

TR, #des i, 430023

OB AHEIT B AERDT S M) o Dy ) AR AR A ok AN VLR B2 K o AR e T g AR i 284 S R
BIES AT . K ST ORI, DU AN AT B AR A+ 180°C 73 Jnll i #F &2
90. 120. 150. 180 s, MIEMNMAIRIEE . A LW UM AL & 405 B S ath M b ) f R
MIFLBREE . Sk Ty, B BB S E, 00 I 7 BB Ao T IR R 4
TGRS K DM S OUL G5 A R IR 70 AT o 25 RER T, R AN AN R e
FERS TRDBRAS, AP0 S A RE OB o AR i S8 R 25 i 1 i K S ) s R LR S5 4, &
B 55 5h 7 2 18] F T 5K AR Ak A /0N, AT ASE ot K A0 FE R B R )i i I 5 2
FEN o ASHITFC AR S PR RS B SR it TR AR o

REEE: aEAN RIS IR, MR WhIREE
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TR - N 1Ifsy - 2 Bt} B0 i i v vk i TRl AL
AR e AT T SR A B s
FooE M, MER Y, THE L B YA, ke, Hgs
LA T RS, Wi A BT, 310014; 2.4 R ol 8 ¢ 0 (R R 0T R BN skie =, WL & s

T, 310014; 3.[FZ0EHE K" SN CEARBER 3t UMD, WA T, 310014

B MRS TRk e R, IR R RARAC. R, AHE TR
TR AR (MWD TIACE ARG — B (SDME) Il AsIREUTZ:, HE RS
BOR A AR SR VP T ASRIGEE DI (400, 600 AT 800W) RNk, FA4i 1 B st
(SEM) Zrr, i (MWD XL fiE 85 BB KRR AE SRR Tt A il <0 . 72
600W ] MW-SDME 44, il 1:5 fy &l LA 100 438 it A FRE [0], $@M2IEF] T Bk
fE 93.21% (SDME 415 50%) o 7y 7 #E—BRTHh IR A ST, AF 78 A A0 Th 2800 I
FAY L ARWTBRZE RS A Pl B g PR S A RS 8 1A 3 R o I R B AL 4 E T 1286 Fil
R BT 2ETY , XLl R H I ER AN BN E o X — RIS T O I 4R B 2 AN e o i R
FEEZ . BEEMEIRNEM, 28R —-S8ugm, SHHOE-FE (GC-MS) 7
BT 18 400W (% Th 3 LASRAS B i) DHA &8 .

X, SMART; o3 ZARMMARHEG; Wil FAs, WIRRRASEIG PRk ISR A
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IR EAN pH Xt B - R EIRE A A R EIREH
JIHE AL B2 R 1 3)) 0 A AU 5T
KR, B, AL, AR, SEER

HERARY, WMEEETT, 361021

B AWEFLE SRR A pH X - R TEREE (7S) MRTIRE A (11S) BB .
FI A 93581 1 AU AE 50 ns Wik BFT. B M 25°C T+ 95T B pH A 9.0 F& %
7.0, 7S 55 118 2[R (50 FE BRI R HE A28/, T AU 454 H B AEIY K. 72 pH 7.0 1)
ERIEE FRAR ZREEW IS, E pH 9.0 B4 B-4T S BHIEE (0 F s A8 A
WA S5 . B 7S-11S WBOINAIRE (T, MR PR am 3G O o 1) AR e 1
pH 7.0 I BEH 7S-11S ¥ BOINFAGFZ BT w8 0, TAE pH 9.0 I BEAE I #ili B2 i T v S 30
STt JE BRI S . AL A1 R AR A p-Hr B b R T s TG . B
SE LR, B2 pH 2 7.0 IR SOOI FAGR FE T LAY 9 7S 5 11S (AR AR A, dE i $E A 7S-11S
FER AL P RE o

SRR KREEREA; HEMER; 2 Fsh =il &A%, pH; s
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R 7E [FA ZR AL A 10 5 8 iy RO 35 - R
K5 35 K FH 5 ARSI 42 SR ity v ) 2 i ot P

RIBIT, S, BRHEZE

KRR AL R B K AT, TR, 510330

WE. AR YR R EPUER, FI P R A REE R A EEE . A
WRFURRSL T — P A [F) AL 3R A AR 1088 e O (B - FR R s, TS0 £ PR
) 6 FhEIERRETE . %07 R AR E R R AR L Nl 2B (JAM) A DA-IAM R 2k
PR B AT WA AR U R 1 o 8 R 5 o T2 1 [ IS R R 100 R R 7o 5 (R HEBR (LOD)
9 0.2~6.5nmollg, REEIER T 2.6~74 fi5. RESHTER, LRI 8 Fi a2
FHRIR o BEAN, FRATE R IA e T RN e SR 5 4 8 £ (¥ 4 SOOIR S B3 AR . 10
B FE R R P R SRR BRI T — PR B =AU T

R R WARIG AW FRERAERML: UPLC-MS; i
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5 RSB 0 B H o BB AR R 5T

BRAIG RV, AL, AETEH, AR

\

2

HERARY, WMEEETT, 361021

FEEE: Ny T IR TR ) 45 1 5 R SRR CAMAD Fii vk 23 IR R AL BE 7, R FH Sephadex
G-15 ERILIEEHTE IR 1 AMH 3 B H T 6 Rt 7> (AL-A6) FAfF 5T T EAl]
(AR SR Y P EALTE 1 o 45 B R, AB X 2,2°- R - W -3- 2,0 2 I E ML I -6 R (ABTS)
H SR RSB R s, 2508 99.11%F1 72.38%, A5 X 1,1- 2K HE-2- =ik
R B TE R R . AL-AL R F5 I B AT 4k P R A L IR K T
53.15~71.02%, A5 Tl A6 4L FE ) 75 N Ke AT 2k H P2 75 i 73 il 42 K¢ 80.29% 411 83.00%. 15 AL-A4
FHEL, MEET A B A6 1T IR B AT 4k B P RIAE . SkiB e . BUA MBS TE. L5
PRI H L & BT A R ) SR . BRI, AS RI A6 B BUR P IE 1,
REH AUAE 2% 75 T B AT 42 A A0 15 5 RS IR 3 2

KA AR PURILIEIE: FIRT LR 58
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TN AT IR M FE YN R T YR 1) 45 1) FRAE K
LSt A A P XU X R AF 7T
RS, AERH, SRR, AL

HERARY, WMEEETT, 361021

FE: R GUR AR B K AN ) 2 v R 2, PR 20 T A K R T R o AR AT R
LT 22 A I R SR SS BRI VAR 4 T IR VE R - & 22 S HEOOR LT SR . TR SRS, VER
FEAURAFAEEORFF A, TORWERA) L el TGRS I SRE . BEAE SCHEIS TRI AN O h 393 24 h, £F4E
SFEIEARM 157.34 nm HENE) 238.66 nm, K Ffih 1 A 24.30 MG N F 52.49S S ik BRI E MRS I, P
FIFLBR AT R 22 AR S BRTE M FE AR AT AR R IR h 2R . WRE . BEE . RS R EY)
RSB R IE N  AHOGHE M AT R B, SR SRR T YRR AR B 2 5~ S 4T 4 AR MUK A R IEARSG, 5°F
BIFLBRIMAR B AR, IX AT e H T8 BRUE By R A oK P YRR T 21 /K BE A o A R 7K PR e (R ot T
H5ERRBEGUKEIEE. BEK. BBE. RIMEEMEGW MGG IER, Niitem TR E. 2B
W, RIS B R S AT K . AU RE R R TE L, T A AR R A B U PR KUK o
RG] FIREEIEABACTERY: I, TG ARWEk, TR
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A5 B E R S SR S i ik A
AR 2 i

L EE RS, IREF DT, 266404; 295 B & E 7R S @ BOUHHT 7, (1REF ST, 266109

W= RS A AABOA R NI AR AR TR . e SR I, i AR R dh s
K, SEHLHRAERT BERIR R A S NG . IBNE X R F PSS BERh A L (R I3
R ARS8 A IR BOR S Al . B b AU BRI BTG . TR AR
MK AT UL AIE N TR, SER T Mk A . B R . ILREIRAEYIML, ]
B A0 P K SRR 1B s AT 40 K] ) 4 P P e BT AL R E A K AR
T2 B R AN A PR A L B A R TC A I 5% SR 55 T A AL 2 1) A ML
o T AT AR L ARSI 25 S T RE R A BT AN [ S 2R 5 R e A 1 B ROR )
SN, R LA ) P S SRR R At B S hR R A D, B SCARE R R AT AR A
Vil PR L he SN i ie sk 7)) A o st IDN LS SSES b S 1L Ev Sk e g iaf et sk L et
TR R TR IR A KUK 5 AR I A S 200 0 5 5 1 PR i AL BOR, FIRT 3D #TEN
F e IR FL B A B 2 1 4 s 57 B ARE Bt o AT 90 O e ARG R PR A R 55 7 L AL AR R A
ARt 1B RE R T R  SCE

Regw. MM E AN TN EEAY); RIS, B R
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Mo 2 RSO AR O 6T AR XU e B P o 11532 v

FRMR, AN, AR, Syl

HERARY, WMEEET, 361021

B AHEFUHI RS T UR AL IR 5 5 7 S O T 58 1 AR T XU R B A 1 o ) s o Je%
BV GE SRR, Pl B AU I (8 0, SR PR SO RV A TR AR
BRI S RN, WS ISR T DR S 30 FHE R RN G Y. Hrh, ERSR
P2 A A 0 B A UL I V2 052 P 180 O R0 o T 1 0 P52 R o e 2 SR i A o
N 4.0%IIESI K, 42 HI0N 2472.04 g F1826.14 g » mm. O IE IR AETRG BB A
FRMERGERER, BHIRRMER 4.0%0, RS0 0 A LR 20 R
WZ& . PR, TS IRy EER AR AOUTE 107 AN AT ASR THER T Rl bk, 3 AT DACSCE AR T 1 B A
BE, 5 SR R A (0 5 R 4R BRI

KRR BHUNEN; IR XUk ARl
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BETE S A8 Jr 7N R i Jo3 A AR ARSI 5 R
w7t

L PR 5 SRS S i S

LAMTA R, ZRE LT, 230601; 2.4 AN T 2B B a sl s, Z8a A, 230601;

AR AEMME TR w8 AR ST RO, R IBE AT, 230601

wE: [HM Y AR FNIRER S SIS SRR, FF e T 204 i HoR 1 o ik il
5T, LT59%Y M5E /NJURAE 20°CIelil A2 4% A ML SRR E(TVB-N) . S5 B (TVC) R
BEAT 30T, FREE T LA R 25 G L% 2% ST /AN R 1) T REAT s R e M i . LS5 )
TVC TE/NREFFE S 6 h ik $] 6.22 Ig(CFU/g), i RS TVB-N fE/NEIFAESS 15 h
Ifi5 %] 35.72 mg/100g, A AT HIRE . SCRFAEI(SVMBRISLHL 1) HEig . SE)Em £
F < BEJEASTT A FH/NIRAR (4325, HERfFEIA 90.47%. S35 & [m] 9 (SVR) B SLEL T % TVC
I E RS ETIN, s REL (R® 4 0.89; (HELEIXS TVB-N T RHE 2%, R*/NT 0.80, K%
JER R4 m . LS50 Y ARHE S /N IR & 5 1 DA ISR AL T 7S RE, Al fd B
RIEBEE T A

REEW: DR SR, ZDAMERE HLESEES], PRI
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e o7 Th V2 DO A 0 0 0 g e T 25 BT 9
G, EGI, X, KR, RIS, FER

EhE RS, TR, 121013

OB SR AR RS e SRR R B IR, BUKARRE (DH) . k#3238, DPPH H
HiERR, RIS OH BERMRM O sE M NI S, M 7 R AR L T &
S 1 TR g Tl P R J 1 Rl o 30 T DR 3 S A o L TR ARR E T RA £ J R
KRR T2 WEEAMSREAMRM =N 1. 05, SAAINER 0.8%. pH
N 8.2, BEARIS Ay 4.5 hy WREH 50°C, BRIy 1: 15.8, FEICARAF T il 5 1B DPPH
B LS BN 72.7%, Fe* iR J5 1124 0.556 (20 mg/mL) , 5 FiNE T & 2 122 5 (p > 0.05) .
25 1, SR P e 7 TRV PR AT AR T 25 1) 4% R B e B e T 2 1 IR L e O e A i v, gk
£ £ 1) e (B AR LR 22 IR 2B ThRE PR £ W IR R AR T B S % .

KRB st MmN, AN, RIEEARK
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2024 K= Fh i TAIGEA R 2R A 2
M 2 T2 D0 A o R 872 T Jin L ] 7 70 ) e
BT 2

Bk, THE

iR, BiETT, 201306

WE: CHMD IR A s n b =R R =Py SRk, R e 57 T2 AL B Al T 2 3kA5
W AR FU LB A 5 1 R R A PPN L B R . (O BURE VMY KAREE. BRE
JRR R e g dahn, i st e A B R B TG s LK EE VAN R AR, J8isd i J3 T v
SEMGMF LR BT BT E . IR EIER . BRI IR T R & B A IR,
FREEIENATIONE . CE5 ) ik ma BT V20 o B 1 Je i T 2k AR IE) ah i =
1609U/g JiEA)« % 46°C. pH 6.0; i By 15 73 B iff 2 B AR B R R 2 2 2% 1 T H(P <<0. 05)-
BRI 06 T IR . MR SE IR ¥ &4 8 105.39mg/100g. 65.57mg/100g, AMP & &
105.68mg/100g, SEURRHERA R, SREIVEFNIFTGEH—. (G hEgEEE I TE
B AR R R AR Ry, AE LR T 20 75 280 10 Tl AP L AT e (0 B e

REEH: hERBEBIN A Y, B, IR, T2 RERRE
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B LK i R EEBOR IR A 5 NI E 7T
fH 2, Rk, FHE, WG, KL

TR, WiTE TP, 150030

FE: K AENRDE IR TR S 2 BB EMOAG B, RAERE AR R . T
G sz T 2, AR & LI R4S . R IR AL KSR RO, BEA BGE K
KPR . BeAh, RARTEMEYI PR S PEER (surfactind AR AMRIRE)—Ff, 1T W3R
PEROIARR SR, PRSP BRI E IR, R T HLPURE) 2eo SR R BRI
KBV TT o AT T A F b A K TS B 22 (ZIF-8) fu i surfactin #1145 Surfactin/Ag@ZIF-8. 5
surfactin JE4/r S Wil & Surfactin@ZIF-8-NH2 58 AR EE7]. 451K, #EHA surfactin
HAZRAE, 55 &1 surfactin A28 PRI M SE 45 . Surfactin 51 & 0240 AR 25 Al Ak
BEIBUR) Zn® R G5 1A I 1k SR S 4 W 400 B 200« T9F 383 48 22 s B R AR ot
FKT it LA B O B S B AL AR, Do H BE I e 3 A 8K 7K i DR B R B85 BRI LAl o

KRB K ahs OREE RINCE; RENEER: KA IR
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M5 1 2B VS T X B DR R ) S AR TS
I g T8 TR A

SO, TRES, BRBESL, BOGHE

Lo RS, IWAREH ST, 266003; 2.7 BilHER % SRAREFIKALRE, WREHE ST, 266237

WE AL A R, IR RIEEAK. MRRE R, RARS FERRKE R,
HRS H BN AT S5 RAE . T IREEEAK (SCCP) A RIUFM = IRiesst, H&
TR fe R R 1A RIS, 70 T B R B <1KDa. th4h, KA H0, fH8h Ve BAL B %
Ko FERBRECE, MEEAMEANER-18 N (L-1p) /5 SW1353 4 K fER R, L
CaCO-2 45 SW1353 4iiffiJL15 9%, # 7T SCCP. SCCS. SCLCS #iz i % SW1353 4i il
AT RATLARAF DL, 45 R R A K TR 2 (CS) LK /T E I BR ¥ 1 3 (SCLCS)
BInlff TNF-o. COX-2. IL-6 &K, H SCLCS MBI RMRTENEE, A i
PRTS, 2 PR B S P R A 1 R AR PG B R I e v, LR PP VR IT RICR,
L C57 BORTTVESTI ZRRANTE T/ B ORTT RENIBAYL, IRFT T RS KA R R R B
SRR RN R, TR SRR, DRRIEE A (SCCS) .« MR E =
(CS) KA TREEIRYCE R (SCLCS) LR T /MRS NRE Ty, BRAR LI B0
W AR MEAN I R K, B4 PGE2. MMP-13. MMP-3. IL-1B. IL-8. SCLCS %} OA HJiA
TR . RATICE TR AL MR, SCCP. SCLCS Al R & ME B A 4ULA, K OA
PPre IR SCLCS Ml 5 e i AR M RER IR SE OA A JE . 1 sess B gt fa B H 1) i
FIFRAE T4 25 MORFA R HE  ASHIE 7T B 7R 4R R 03 0 B0 6 T A 7S 70U A i AL B WX i 9
Wk (OA) AT -

B

R RAEAMN; BREE R R TERRRE R, SRR BiEm
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4

L ST OVA % S BALB/c /MR & Wit
B B AR Y N L]

XIER, BEHGE, Ji#k#x, PMLEG
HRRY, WREHLH, 266071

WE: HK: AR AL (Fucoidan) XFURiEEH (Ovalbumin, OVA) %S/ &
P B S OR AR B . J7ik: K 5 AR MEME BALB/C /NRBENLY N 6 41 (n=1D) ,
ST, BEIRZH . Fucoidan TiRZH. K. /&i7fl& Fucoidan ¥Ay7 4L, PHPEXTIEAL. BRoxt 4]
4b, FIF OVA AR S eV OBy, WSS BOEIR I 4. H&E Yt
SR EH LR EAR A B S B A AS I L7 OVA-SIgE. OVA-slgGl. 4% (HIS)
JER A 25 I BE-1 (mMCP-1) Allal 22 4l CInterleukin, IL) -4, IL-5. IL-10.
IL-6. IL-1B8+ TNF-o. TGF-B: i H %% BN Rl S5 25 i # R H  AMPK. P-AMPK. SIRTL,
FOXO1 FEH/KT. 455%: (1) Sx@astt, #A4 OVA-sIgE. OVA-slgGl. HIS &
HWE, 4 Fucoidan THUSHA AR T (2) H&E Jett Bon B2 Jig 18 & IR 2 1
2L, Fucoidan THl/E& T IEH, RIERIERD; (3) Fucoidan Tilf5 IL-4. IL-5. IL-6.
IL-1B 25 585 T 35 F#A%, IL-10. TGF-B. P-AMPK. SIRT1. FOXO1 & & E i m . 451
Fucoidan T B 40 = 77 B v 7 20 eSO sl SR B R W, B Rk RE Th1/Th2 ~P4r i i i B e
AR, PRCIE KT, B el BuRR, HAEMTE:S AMPK/SIRT1/FOXO1 55
A K

REBHE: AEZH; SYEE; BiERRE; AMPK/SIRTL/FOXOL 55 M
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TR AL R A e A e S
Fa i Mt 7T
SR, ERFE, AT, SEE, XE, R T

KIEWHERSE, T4 KET, 116023

B AR R R AW FESEBUER, B R, A RSB, BEk
AR, PR T FERF o 1 SOKE A 8 5 2R L0 0 4 98 [ B 60 28 g o A o A 4% R 5 R
JRAA, SR SR A 7 SR MR BERR AR R SRR HEAT I Mt — DR e H AR 1. DA B R
BB RIRRR, SRR 2SI A Box-Behnken Wi N [T 20 20 Ak 52 4 g 44 (L-FX-CLA)
FRAERI % T 2R, HEERNRINE N 0.2 mg, LT HMRMTRINE N 11 mg, PBS A
414 mL, AEZ5LHEON 9.5: 1, HEIUPEEAR SIHMEREM P ELL Y 4: 1, REN 18°C, fEIhS%
R % IR T AR B d 26 nT ik 83.33%, “P¥RIAE N 462+£37.85 nm, Zeta HiLf7H-45.5+1.62
mV. FIFHZERNE. W EERREN 5 IR oA 2 (8] 15 A BLAE I L-FX-CLA #7181, ZidE
T () HR IR AAH 42 12 35 48 K 25 3684.33+203.05 nm, ¥R ik 80.1541.23%, Zeta HLfL A
-45.732.77 mV, FB S IR RARTE B INBUE . /AR S BRI . TR e M4 1

o, G B R AR E TR R .

REER: AR, R, EERmA; Bl REk
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B K 2 X8 5 P s TR A 1P i A IR 7 Jo ) 52
WK, fH AL R, SR

HERARY, WMEEETT, 361021

B PRI AR R FE R B A PR AR IR 60, 72 SR VR FE Dy 6~14% I FUF 2 ALK
TONFRNR BRI S AR, W TR ARG BR . SRR SR AT R B AR AR SR
N, TEERIRFE 6% T 40T 28 d R B 4% MR 3 SRS 2. FER I SRR R S S s R &
43514 1.44 g/100 g 178 mg/100 g Al 1114 mg/100 g, FFHE 5k 16 N iy B P . HEL T
iR IR, FEERIRIE 14% T 480 28 d K 4 IR ==& T SFR oM RUR 739 8.47, 5.59,
8.00, B ERIKFE I BEARTITE WSS « AR v S A1 AR (il - B LA 25 SR I, R o
T TR BRI AR IR 14% NOREENT AR, S5 RR T, B hn vk BLAR
SR S EES EORI B AR AR B, B R T 0 AURAD o 14 T i o

Kbt UFd; HIREL; BALMERT; KRR
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AR 2 B 22 W8 2 S R SRR AL SO B
R PET 5T

25l 20, ZERAR O, e 20, e S, WO Y, R Y, e, oot

(LIEPH 23, R 0, i
LA, LT AIET, 116023; 2 FAHSUIN THATR S 0, 94 KIET, 116023,

BT THKE MmN T R AFIFHE SR =, T8 KET, 116023

WE: AMARABELESHRERIEWENZHMEEEEY (HPC) , &
DEAE-Sepharose Fast Flow [J]55 A2 At alifb 43 2] AN 4H 73, FEERI A0 PC1 (R &1
B . PC4A (EilyEbE) LA HPC BEATPRSMEANSLLS . 45 3 W1 GG T A IR TH) FR 38 3 5t
WS EWEREN, 5T EEMEE. EOIME R RER. =4, DOE-B5
B BEHME ATE AL IR SZ 540 FEAR SISV 38 A P T A BB 835 PR, R A i K 2 S B IR
iz, —HEEYRES A L4 Bacteroidetes, Firmicutes, Parabacteroides 545 i i
EL 4 Escherichia-Shigella 2547 35 1 ) i B AT FLANAE T 2 1) 2 W5 2 S WAE BT AL 78
AU, AR RARTENE S T R B A T R R

Kigw: T ZMEMEAY; KINEL: E R
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EA R B 2 A N B AR N H At 5T

B, ERE R, M W, BRE B, DEE Y

/fﬂ(ﬁ 1,2,3’ ﬁz—:{ﬁ 1,2,3
1 KERHERYE, LTEKEN, 116023; 2.EFKEEM THEAP K H0, TTEKEN, 116023;

BT THKE MM T R AFIFHE SR =, T8 KET, 116023

WE: ACRAMESSMIRBGES R ENEZ M EZHEE A (HPC) |, RIHAENRIAN
HA AR T, BT RRFRTOLE (FITC) MR ENE LML RE A, RHEBRS
DI B RIR T ENE 2 T Z W8S AW/ RAR N LU AL S 25 K80 1 0 58 Wi 7 4
R, BEEALEKEH HPC-FITC. PCL-FITC. PCA-FITC i T H-il, JF4IR
WA ZATHE RS, /NERS> HPC-FITC. PC1-FITC. PC4A-FITC aJ LAAY it W e AT 326 N\ I
Wi 48 B IT 2 74 1) HPC-FITC. PC1-FITC. PC4-FITC %404 T/ 8 KT
AE R, RIS /N GO AN A AT A o PRI ZSAE A WA R B, 3503 kN I3 1)
HPC-FITC. PC1-FITC. PC4-FITC &'ENiHEM:, #Ma1EE TR HPC-FITC. PCL-FITC,

PC4-FITC &3k oh. 2 L5 REW, % HPC. PCl. PC4 #H{T FITC %iehric &
FIAT I o FRic T BB EAT /N R 00 Al S 24X 002 555, HARC s IR e M R /)N
ROMRAZiE, LU ATEEE . K. NaRENE. R0 7 Y050 AR S 5
TERIPNEEATGHRR.

REEE: G ZMEBREGY; YOI A
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—FIK GI 5 AT T R S kAL

KIZER, DiZEdr, BT

RS, IAREF BT, 266000

W AREEST Gl 6340 R HE KT A S AL ETHRAIR T - A2 T AR Ok G AL
J7 1, 32 B R IR O S R TT TN & LR A ot TR & T AAL, RIS 15
BOECE PRI 5E K W7 2% 2000 58 SEAR i ORI RHEU B R 224 5 A B A AN EIn 7 30 (K
AP, Pri e, B EE) T BRI 2% SR T AT AT . Ak, IRAEEEN,
JREACR AR o EES N B 73 G5 6 T 2% it o S AR PE SR, B I A I BB R S A s
DEEG Gl 8. HAJT et fh P HE APl 2 S0, DU I R St B R dh i S I
Gl ot fh PR, SEOUHALHE ™, S2E 0t T Bk (B ™ il 1 7 5K

A 34 (K Gl Hm
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— RIS g o A 2 Bt e Bl ) s B A AL
73 B ST LE N
WHEL FRL REL TR FHE

1LITH R, MAHAKREITT, 212013; 246 Tk, Jbiti, 100048

WE. AWTTURS KEHRG R, RIhIRE T HIETE N 104 Uimg. TR S20ELF. RPDIE T 13T
RUORJEE AR AN RS PG5, £k i FlsE s RAE R B, mature-PG5 IR 48 &F K
B ERIERMBUK AR, Hrh Ser72 WHEIL S YL AT PGS XA 147 1R
K. 5 FEN 28R W], Glye5 Fl Thre6 & IER kI 5 Cys164 7EMEILZE 1AL (1T ]
A LS R 256 FIP= R il A, PGB TEAR#h 551 A AR T fUR AR 4 B (1 1 7
B, R T HRIBAIMERE . TN PGS AL SRAE T M E R L, 1K B
T IHARAE A it Tolk o 1) [ g A A R FH

REEE: EORARABIGE; St 2T URS4EES; LS
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LRI AL BEAR = 1V BRI Ve X
" 3 A 1) i R SR
WREnE, (R, SR, AL

HERARY, WMEEETT, 361021

B YT AT I B R AL A R, A AR 73 48 (35%. 40%. 45%. 50%. 55%
H1 60%, viv) ZEEKERFIMCALELR V BUBURIE R (VGS) T A g cSC A i o R i 5
MR X SR ATH R B B G R, PIMCTE AR S A R SE B R i R, ]
W BE R ARG 45 & B 1 23.2% 3 =1 %) 23.5-34.2%, HLiek s ALH Veh 454 Vea. SAHE
- FIT RS TR, ZEERE N 45%HF VGS ik 10 ROk & (i 2-
RS T e, OB, PElE. 1-FM-3-FE55) MW BT AHCIE TR, VGS R /G
I JORHE SR PR S PR B 5 U K RO AL R 48 & B R e 7 AR R R 3 AR oG . 45 BT,
F R AL B % I e VGS A SR BRI IR PR RE, X AT RR VAR T BB e HE B A
HA . B, VR —FhE BT IveRn stk 7, WAL ] B T4 1K 5 X
IR .

SEE: Vv RUBRIENT s ALWRRK; B4k BUE
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2024 7K Il TANZR &5 R AR 2

=R ALl AN EN N =) G R A ]
eRiap=Aln

RS M2, R T2, WA MRS, PRIEEE VS, sk M2, W ?

I

L) RIGHERY:, T REFRYIT, 518108; 2. | RIEEFERY, | HRAMIIT, 524088; 3. | RAE K/ =5N

TH5R4ESREE, | RAEBIIT, 524088

WE: N7 PR R E G PR E Y, R TR R 6 R i DR R K
(CSCP) #ATEM, 152065 5 i J5 i A IK-TH &R~ (CAMP) o M E BT 5 ™
PIIARST o3 1B A0 AT S IR, IR AR R E I SOR . 45 %M. 5 CSCP AL,
CAMP [FAHX] 73F & 7E 1~3 kDa Ji [ L H3G 1, THA EE 0T 38.14%. 7£ 2.0% ffll&E %M
T, 5 WIHAMEI G, CAMP AbBE (2t fo A Ehya bk R & B, CaP™-ATP BEGTE. M3t

PR EAL T EPR AL, HRFER T A, thit, CAMP W LUELE S
YR A RN = e R YR Ra g s[RI 30K AR K A0 5 R R, W G
WIS . DRIk, TR ORI U B At oo % e e R i B R IO T ki 1, P T R T 2
B R S DR T R 1R

REg. 65, RIREANK JikiETE; RIERE
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G TR ST 21 248 1Y 235 ) R AE o HL o) A i R
XU ot £ 328 A R B ATL 761 A 7
WG, AR, SR, AL

HERARY, WMEEETT, 361021

. AW R R NE R, R E R TV A R R . AN AT DL S R R AL
VER IR 6 22 L2 BN JEURE, i T L2 R i BRI Y ) S 9 K AR YR . 6 i R Ve P
(BN O h 3421 6 h, ZF4E BBk P A 27.72 98 I 31 104.11< JE % M 132.16 nm 35 /11 51] 157.84
nm, EA M 131.75 nm 3G 341.39 nm. AR R £ 4 0 A5 A S B AR SR AL A T
BB o A 0 AT B W, T S ) JEE T AN T 4 B A% 5 I AN e SIS O 2R 2 8 35 1
FAE, W R 45 Y RSV AR B FH 38 N LA B K 4T e R T n E S PIRITEE 5% . AT
ST VA BN R AT E IR RLZE 7K P i AR 5 R R 3R 3L T S A IR AR IR 147

R YL, EMEETEIARIL N WIRRR; 4tk KBk

246



2024 JK7F= N LAz SR AR E S

it 5z ACE il KA S B 5 56 €

2R Y, MESCE Y2

1 bRy, BigTT, 201306 2. [ ZEAKK™ mil THEARBER 7 hts,  LHgTT, 201306

fE: [H AR TR LRI TERIVERI Y ACE HIiI Ik . [J7E] LAk 1 52 A J5 Rt
T VB 2 1 WA 45 8 R K AR (DGSHD R P L[R]3 ST 56 R iy I T 32 AR AL AR 2%
i, EAE R RS ACE MM FRH I 4 € i, [ RIEREZM GREE 40 °C.
pH=10. kW& L 1:7.8 MV, JNfE 6190 U/g. BEARRT ] 3.11 h) Fr=AE (B AFT ACE #d
N 76.32%. BT EIESF] DGSH-VH B /K 2 ZEMR & B s, HAEKRE N 2 mg/mL I3
I H 5 = ) ACE i 28 LA AR F5 A € 1, 1Cs0 {24 0.70 mg/mL. i1t LC-MS/MS LA
Je BEPE TR ACE #AE P M Gk 4 20805 ACE #Wiilfik, FF%IA FHGLPAK.
RGLPAYE. VPSDVEF il IAPPERKY , J£44i FH 7 F X451 47 PEAL - [4518]4% ik, DGSH-V
e HEFT AR G IE TR, AT TRYT & LR 23R B SRR

KRB WL, ACE SRR FP8IaHrs 2 1k
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AL I SEIN eI Sk i R 5 2R R AR 20 A
EE P, AR, BRI Y, TR S, BRE M

1 R TR, Wb T, 430023; 2. WAL &7 il L5840 8 S seie =, Wb syl i, 430023;

3. EZN IR TH AR R 53 At GBI, Wb ) li, 433100

iz [HM] AT B E S I BN F A LA R BN RIR SR 2 iR = 5= 51
] SRR R EFRFAE . L0715 ] /N R R B IR 0 A7 LA VR T, bR il 5 A T
PPER AR TN B — WU TFNR A, JE B URRY 5 CRR A B, 1 U8 A3 BB HOR I 1 2 et
IR AR EAGFFRI; [FIINRFH Bligh & Dyer vE M1 Folch vEHRBUS IR BT . 35 w5 R0
TR RIR S R T 2 R LT AR AT e xt L. L4523 Foleh kiR 75
FIRHCRE S T Bligh & Dyer v B — A WL T ISR IR i, 34 337.55421.29pg/g 5
BRI, Horr 4 e, 9-IFRT 13- IR 5 28 43l i 57.5241.72%.8.831.24%F/1 33.6540.95%.
(4518 ] Folch VEIE A AF /N ik JsUkt iR o RS2 UM AR HE AL BEVE . A LI 7R /N e Sk g
FRUR 2 (MR BURAAE 5 AR PEAR DG .

ReEE: ANJEIR; SKIES; IFE R USRI
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2024 7K SN TANZE G RIFH AR ES
28 T E BUR/NE R R B A2 R AT
L8 g A R R I o A

WERGRL XK, JIARAR. FhALE

FHHKERE, WREFHH, 266071

W= HN: AU EEMEREGERESE, k283 2 U5 /NG 8 1 (Parvalbumin)
1 B 4UARZRIERAL, FErP RO OGRS, ik B EAAY . ERA
SRR Y, R R W3, WA fa (Trichiurus lepturus) 34 A 5% (Scomberomorus
niphonius) ZFff/NE R [T/ F£4E; (£ IEDB. DNAStar 24 4)(5 525 T HX 94 Ff
2RI B /INEE AP A TS LT, B A WEBLOGO-. Clustal W 25 T AL il B 41 i 2k
M W IS O R R AR 5, GBI S84+ ELISA XTI 1 RAL T 45 € ;
f¢iF] BioEdit. DNAman % T 2717 B 4 21 2 A S BRI S AR~ 14, 1 FH 2k
MR B RIS T AR IR R A . 455 AT SR T T (5 B2 B gkt R
K% %, %E% LNDADI. SADDVK. SGFIEEEEL. AGDSDGDGK % 15 /> B 4fijif
gL, HPRZER (D) AR (BE) S5E4ifie NRA P SRR LRI, 15/
T OB T R B E R . S50 I s RO S 2 H S BORTT DAH 2
WHUE B AR S H O S BRI IR S R, AW T Bh T4 I U 8 o B oy
TFALE], I IS W R T SR A T B

REBW: NMEEA: BAMKIERL, REEIERLE, R Rrish
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1 BE 3D FT B s v v AR B
B, R, AN, BT

WITTHFRE RS, WHTA LT, 316022

ke R S e = N3 =1 A 28 7 R oW 71 B A TP L 7 M
FEUMEG R A AMENEL X E, 7B, L 2 P E R MEL K . AN
SRS 1A U5t A2 JBE PR EL 2 P B A AT R W 35 B A I A AR 22 57 BRI IR RE AT 3D T BN RE

A FTANIA] o BB e 9 ) 2 BEAE 3D T B AR P AT RE 2 BT ENBE 28R . 51 N5
L7 CAnAE i 44 ) AT BAESc s £ B8 S8 7K AE 3D 4T BN RE A B ) 55 H 3 ZE AT B PR XESE: ] Lo
U4k, il 3DMax LA BORERE, WA MBERdh SRR, JFARTM 3D FTENEOR, Il 4
3D FTEN AR, 202 TG EE ™ . SE RS S AR AR AR, LKiR
E Y B AT A 5, 3D FTEMSEE M. S5, T83) TR, BRE. RS
PERCR . LR, RIUE AN AR A B 3D T ENEOR BIARSCHGE, Ll oA L
FAAAR) 3D 3T ENTAEXFHR /™ o ZEBUBMURIASIN,  PITBIE A b AT A A ARitE, FF3RAS T
WA B dh DAL P2 BB dhol g fJa, BT A RPN T, € 1 L 65
il RN T T2 28 ERNA, AW FCOIHr 158 3D FTEIEOR, JFAR 1B A [ fh BEsE
PIrEigre e dh, e BE P W TR 1A 508

SRR BT 3D FTEN; AEXTUR; SRR E A
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A1 I P A R BE SR T A 57 o 21 )
TG, X

JARMFEERE, JTRE LT, 524088

WE: W o -3 EAWAARDTER K Dhae tE AR O 32 20 E A AME 3 )2 0%, 2029 3
T MBE BN T AC Tl B gt pRih R (RdhR) 100%, F ELA gt i S ik ),
A DLKE S B i, ORI R IE R, B T RS A R
AR RER B dh ORI hEERL ™ wh, SRS OME . SR s R T RAF
PR AT , BN 55 SRR AEIE L o0 MU L 45 i 555000 COT NS Ak A B ™ S )M »
AR I AR A A A L P B it e, DGR N T A el AT K i B U A R LR XU
AL DR PR ST A AR . e & o -3 BB AUMASHTR, SR ES,
(BRI R AR A, RIS BE AR S 77 it BRI Dy Bt i) 2 R it T BRAR AR, fa i
B BAT = ORI e (ORI 100%)  ARAE G 1Ry =0, B 2 FEIREhBE T 0 /oK, SR
TP b FONVE SR, SR RE TR RAE NI, BT O R il BRI fhis 2
“ORARTEI T HIROCR .

SehgiAl: MBI (R %; EPA I DHA F= iG] RIS R
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JFULA TR AT 1Q 5 3 1) e B i 45347 1 PR 47
T8 A AL BF 7T

HKINL, RXHER, R

JARMFEER S, JTREMILTT, 524088

WE. I TRRO KBRS S8 2-25E-3- ALk IR [4, 5 Rk (1Q) AR, T3
Silmaitn. VRGP RIS (R LARIR) X 45 i B B4 A G2 E H, 2
FEAENLEI AR B H e ARSLERHEF T ELASER (PCAD X 1Q 153 1l 45 43 1 R 9
VER, FFERVTEAERMLE. ik (I HE el IF Qe 25k, WS I i bk e
#1%: . Western blot £l 2k FE T Sestrin2-Keapl1-Nrf2 15 538 B AH G B I )Rk . 455 : PCA
A LA 1Q 5 3 ) M T S5 A A, 189 ' e TR 1 (3R IA . PC AR IS N T GPX4 Al ACSL4
SEIET AR A E L, BOE Sestrin2-Keapl-Nrf2 (55388, 51 Nrf2 AL, SR
BRAET:. £5i8: PCA AliEid T Sestrin2-Keapl-Nrf2 5538 B 42 1Q % S 45 547 «

R FLAR; 1Q; #IrT:
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JEL SR JEE ) ot 2 O A D it 5 AR A LA
FIEH M2 MEDS MmUY, e dIE 2, R MO

LA AR, WA BT, 4300705 2,18 ZOR SRR K SN L HARB A S vhte, WAE4& T, 4300705

BRI BF T KR A A P L% 0 5 JR 0 B0 TARRT S, 1L LT, 430070

B W AR AR BE ] 7E VR B AR o T SR R SR R R R, AR A DAAS TR £ JBE
RS f BE ) FINEESE 2 Yk f JBE Ay JE Rk o) 28 0 BE ) iy, WU RE T 2 o B ) S AE VR BT A o 1) 2
FIREE. TPAZSHL (U, B R, RITA G S . POV . TBA EMEKE ). 4
R FEEAVBOUIE, JFE BRI S SRR . TPA S8, L. WL IR SRR
AR V23 B V4R G ) () FE K 7 S 35 % (p<<0.05) 5 ¥RFEES &, POV {H AT TBA fH &% T+
i (p<<0.05) o &b, AFXFEEVE 2 VBRI, R B A AR AR MR UK,
Al 5 AR, B LE VR BT S R A R TR AR

KRB SRR MR R SRR RN A AL
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B 6 A B S
ML
gk b e, Z=mAE Y, 0T, e iE L

1 BV RS, BT, 2013065 2. [EZIRAKK N CE AR & (L#) 4, LT, 201306

WE: AU E LT E AW RS £ 120 4 B R o R o B A
(Ctenopharyngodon idella) £ 57 it &AL AR . 255K, FHARFHE R 1 ]
R, FEMFEIR RIS RN, fr (8 Eh e S o IX PR AL B 7 1 S BUNUR T YE 4T 4
AR AN H b 23 (4 /DN, X — LG RTE T2 shig et o Wl 289 | 7 B ek ),
B 7 L E, JFSGE 7R, AR AEESE ). BARP RN AL B BRAR L L 2 R
(TBA) {HARKEA BRI B (R T HE I, (H L2205 (¥ TBA EAE 5 BITIRERAG, *&
LR PR RE R IR . S, T RE R e Bt b PRI Rp /K I AT 1R, B0 4 B R BT e i R
e, RIS S T A A PR T R

REEE: FAEMH WERINCR FKdr polaik; s
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75N By DU 22 B IARIE 25 . S5 R RN A0 A
kSR ES A
WE s P23, SR VA0, B R, A M iy YA, g S,
MR V234, S RO, g a3
L ARIEERSE, [AREIT, 524088; 2. FK VU TEABR S hOGIT), [ REIITT, 524088
3. PREKF RIS %A AR, JREIILT, 524088; 4. ARG S LREART AL,

I HRKAEMILT, 524088

PWE. PRFUAR N T SR FL e DL APl 22 B AT &5 & RAE BT RERIRE M . X e DA
FLJ DUBEAT 2K AL, G r JEORR 500 ELA 2 B P A B AR Ak fH B DEAES2 #5158
He O ZE 5 B4R SR LR UL Al 2 B AT o 2L SRAZLAMEE . R IR B E AN
4 L S BIE TE 2 AR N XS 5 2 B A R BRI 5 Bl i AR AL B i Ak . 5T Caco-2
R AR, PR A B A0 2 R P AR AL o % i 0 2 B 0 R R S T
Bs 24k )5 1) SS-3 AT SZ-3 73 Al A S AL AN AR A P il 15 22 B LU (B e IR 2 70 S S AR
AEXS EERT RN AT BE LA O-Se-O A1 Se-O-C b 24 P AL SAFAE,  (EAEZR Il Ab 25 1 2B FA) TR
AT EEAT T Bt s RS IR A S SR s 260 AT RE AN 22 0 v 10 B R I bt ) o AR AL HL
I A B LR B AR N A 1 SZ-3 AR AL SS-3 Al kHAE H BRI, ilc R & &
R TRE. ARIMERLE B2 R TR SZ-3 44 1 AEWIR] R 4L SS-3 s 1E Caco-2 4
MR, AR 4H S R S5IRICE SZ-3>SS-3> WAl ey, HARAEAGREME. %
| AR B it S FL R DU 22 0 o RO 35 5 A PIT4539K% o Z8% 11 Xt 2 3 T 3 Rl 0 [ I 52
FLAA PRI R R, B2 5 1 SZ-3 4 Az iE SS-3 41y S MEANBRAN B A S I A R 2E )
HFHTERE o

KB ROIMIFLE L AR AR AR
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B e pH Wi N BRI k -Rh IR 2 R IK
Dt S PR 1) o B 25 WA T AT U
fEEERL S, WEZ, Bl

KIETN K, T4 KET, 116034

WE. HIN: AU R -REER Y (Car-SAA) /KB ERAE Sy B B4R 2 (¥ pH i 57 1k
ZIVIRETBAT N, DARTHE R B TR S I A 80 . Tk 4% Car-SAA KB R IE
BT, VPAGHAESAEIA (SCP) /N (SIF) FIBE W (SGF) M ZWRe iUk,
FHHEAT VR SN0 B B 1k S DL 82T HaCaT 20 M N fid 40 B O B0 . 45 5. Car-SAA2.0-FX
IKEEEERAE SCF. SIF Ml SGF R I R AT /) A1 RE . A B i AE SGF A1 SIF Hp BT
Mg, TAE SCF Aitud B, 54 Korsmeyer-Peppas i, &4zl 7R, Car-SAA2.0-FX
IKERIEERNT HaCaT SHAREA WA R Rgm, (H 40 7 Mg ai i E k. 4518 Car-SAA 7K
B Bk L A% R AP ¥ pH ma R VE R SE RS R P, o H S R T A Th B A SR 254 7R Hh )
EIERNFMNE, AAKIIRF AT R BE e T 2t

REER: HER: DR JKBUR: pH IR Z9YREEl

256



2024 JK7F= N LAz SR AR E S

P R A 52 T - AR £ B
FR L, Il MR 123, [k 123

AR RS, ZHAEEIET, 230601; 245~ MIAAIN T2 fid B st s, ZHE & IEM, 230601;

AR AEMME TR w8 AR ST R, IR AT, 230601

iz CHM] A TR DRI TR SR, SR/ IR —th BEIR G R it BT R s A 7 i
U736 AT T A BBEIEEE (TGase) AN [H] Ef5il /N R0 Pt 1 i e 8 kP 4 ek
s, 455 1 /N BRI 380 2> BEAREE I M R BE 7, RIS S EUIEARAL,  BEARSEREAN
FIE . TGase [ INAEIGSREENR 1 HEIR IR, JRIL(E I a8 R RTT N B-H M s aE bl K
e IR NEEIL OB, Y9 B SR S MRS E . LF-NMR HI MRI HR &K% TGase
BEBR HIEERL A /K 0382, SEM WIS IE 7 TGase LR B [ N4 BB 466 7, FRIRALIR R
DR, ERAR /NI AR I A R K BE R 1 = AR AR 2, (H TGase 144 FH g i 25 427+
BERAEE . (45181 TGase % /)N iR — 8 BE R A BEI IR B R PEAR B BURAE A -

SRR BRI NEIR: TG B
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H PR E AL A AR RAR WM S e AR
Ry iU ST DVARER T
WA, PRt

HERARY, WMEEETT, 361021

W BRI BT E R, BAMESEE BESR. oA IR A
X NS RIS ™ F B R, SEEUA A AR PR RO R EE R S At
TGRS TR R E SN OV R OL T, W7 5 B AR AR S BO6 -G A
BHAE IR B LR R AR, AT SEBUR H AP0 E B fr i) —Fporid. A TAR DAL
FRLARER . S AL BRI BR AL R AN B AL B SR 7 SR 45 A b b R, OB IRE AR AR
NEY - RATeH, W A HERE PEC AWML, 70 mlSeBl 70 AR R -LR Bk
HR-R MEERR-RR KM R 8 Pudiaill. i, XUGARBTHTT TG, A2
AR TR 7155, 1 PEC-SWV XUE SRl W SE T T #Eme e . 76 LR 7T i L L
A TARBEE T — RN R G RAS I B, 3R T 1% 5006 A SR 2 3 L FE B e A R
NI HER R B IR A T AT fE.
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