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A method for improving the quality of grass
carp (Ctenopharyngodon idellus): A
comprehensive evaluation of clear water
depuration based on sensory and
nutritional aspects

Xinyang Li 2,1, Chenyang Zhao 4,', Lin Xu ?, Yuxiang Wang ?, Jin Yu ¢, Xudong Weng 4", Ting Ye
¢ Xiaoguo Ying ", Yang Gao °,"
@ Zhejiang Provincial Key Laboratory of Health Risk Factors for Seafood, Collaborative Innovation
Center of Seafood Deep Processing, College of Food and Pharmacy,Zhejiang Ocean University,
Zhoushan, China
® College of Fishery, Zhejiang Ocean University, Zhoushan, China
¢ Longyou Aquaculture Development Center, Agricultural and Rural Bureau of Longyou County,
Quzhou, China
4 Zhejiang Yulaoda Agricultural Technology Co., Ltd., Quzhou, China
¢ Quzhou Aquatic Technology Extension Centre, Quzhou, China

Abstract: This study investigates the effects of clear water depuration farming on grass carp muscle quality,
nutrition, and flavor. Results show that clear water depuration significantly reduces oft-flavor compounds while
improving muscle texture and sensory traits. After three months, fish muscle hardness, chewiness, and whiteness
increased, while drip and freezing loss decreased. Low-density farming better preserved essential amino acids and
unsat- urated fatty acids, enhancing nutritional value. Glycine, histidine, and alanine were the main free amino acids
with elevated levels. Volatile analysis showed nonanal, hexanal, and 1-octen-3-ol levels declined with time,
especially under low-density conditions. Muscle texture improvements correlated positively with mono-unsaturated
fatty acids, protein, and collagen, and negatively with moisture, pH, and polyunsaturated fatty acids. Clear water
depuration may also promote collagen synthesis. Overall, a three-month depuration under low-density conditions is
optimal for improving grass carp’s sensory and nutritional quality without negatively affecting texture and taste.

Keywords: Fasting, Muscle texture, Flavor, Fatty acid, Amino acid
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Accelerated Chemotaxonomic
Discrimination of Marine Fish Surimi
Based on Tri-step FT-IR Spectroscopy and
Electronic Sensory

Ran Zhou!, Wei Wei!, Wei Hu!, Changhua Xu'-*

1.College of Food Science & Technology, Shanghai Ocean University, Shanghai 201306, PR China; 2. National
R&D Branch Center for Freshwater Aquatic Products Processing Technology (Shanghai), Shanghai 201306,

China;

Abstract: To develop a rapid and reliable method for discrimination of marine fish surimi using Tri-
step Fourier transform infrared spectroscopy combined with electronic sensory analysis. Four types
of marine fish surimi were characterized by FT-IR spectroscopy, second-derivative infrared
spectroscopy and two-dimensional correlation infrared spectroscopy. Principal component analysis
was used for classification, while electronic eye and electronic nose systems were employed to
evaluate differences in color and odor. Distinct differences among the surimi samples were observed
in lipid- and protein-related spectral features, and characteristic fingerprints were obtained in the
region of 1800—1500 cm™. Two hundred surimi samples were effectively classified by PCA, and 20
unknown samples were successfully identified. The discrimination indexes of the electronic eye and
electronic nose were 98 and 82, respectively. Tri-step FT-IR spectroscopy combined with electronic
sensory analysis provides a rapid and comprehensive approach for discriminating marine fish surimi

and has potential for species authentication and quality control.

Key words: Surimi; Fourier transform infrared spectroscopy; Electronic sensory; Chemotaxonomic

discrimination; Species identification
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Ameliorative effect and mechanism of
fucoxanthin on lipopolysaccharide-induced
acute liver injury

Qing-yan Zou'?, Yu-hong Yang?, Lei Du’
1. College of Food Science and Engineering, Ocean University of China, Qingdao, 266404, Shandong;
2. School of Food Science and Engineering, Qilu University of Technology (Shandong Academy of Sciences), Jinan,
250353, Shandong;
3. Department of Nutrition and Food Hygiene, School of Public Health, Cheeloo College of Medicine, Shandong

University, Jinan, 250012, Shandong;

Abstract:

Acute liver injury (ALI) induced by lipopolysaccharide (LPS) represents a critical clinical challenge
due to its high mortality and limited therapeutic options. Fucoxanthin (Fx), a marine-derived
xanthophyll carotenoid, exerts hepatoprotective potential owing to its strong anti-inflammatory and
antioxidant properties. However, its pro-tective role against LPS-induced ALI remains poorly
understood. This study elucidated the protective effect and underlying mechanism of Fx against
LPS-induced ALI in both a mouse model and a hepatocyte-macrophage co-culture system. Oral
administration of 50 or 200 mg/kg body weight Fx once daily for 7 consecutive days notably
attenuated LPS-induced increase in serum alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) levels, and improved pathological changes in mouse livers. In the co-
culture system of AML12 hepatocytes and RAW264.7 macrophages, Fx treatment dose-dependently
alleviated LPS-induced damage to AMLI12 cells, as evidenced by reduced lactate dehydrogenase
(LDH) release and maintained cell viability. Mechanistically, Fx significantly suppressed
macrophage overactivation-mediated hepatic inflammatory responses and oxidative stress induced
by LPS. Specifically, Fx downregulated pro-inflammatory molecules, such as tumor necrosis factor-
alpha (TNF-a), interleukin-1beta (IL-1p), IL-6, IL-18, and inducible nitric oxide synthase (iNOS),
as well as inhibited intracellular reactive oxygen species (ROS) generation. These effects

collectively suppressed excessive hepatocyte apoptosis via blocking the intrinsic apoptotic signaling
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pathway and inhibited massive hepatocyte pyroptosis through inactivating the NOD-like receptor

family pyrin domain containing 3 (NLRP3)/caspase-1/

gasdermin D (GSDMD)-mediated pyroptosis pathway. Collectively, these findings suggest that Fx

may serve as a promising functional ingredient for preventing ALI.

Key words: Fucoxanthin; Acute liver injury; Hepatocyte; Apoptosis; Pyroptosis;

BRES

&, 5B, WMEmARA, BIEER, E-mail:dulei@sdu.edu.cn

AT IA): AR E WAL IS 75T TR I

agiupif= P

AR FFE TR QUARAEREERD) B A = RS E (2025ZDZX15).

EHx EHRPIE R 4 (82473617 32202023). WWAE HARRI ¥ E 4 (ZR2024MH074 .

ZR2021QC177) VARl ZR4E & sifif vtk (2023CXGCO010713) [ BEH).

16



Ameliorative Effects and Mechanisms of
Marine Structured Lipids on Parkinson’s
Disease

Yi-Fei Ning !, Yi-Wen Wang', Lei Ma!, Xian-Shu Wang', Yu-Ming Wang" 2, Cheng-Cheng
Wang'”*, and Tian-Tian Zhang"*
1. College of Food Science and Engineering, Ocean University of China, Qingdao, 266404, Shandong;
2. Sanya Institute of Oceanography, Ocean University of China, Sanya, 572000, Hainan;

Abstract:

Parkinson’s disease (PD) involves dopaminergic impairment associated with iron dyshomeostasis
and oxidative injury. DHA-enriched phosphatidylglucoside (DHA-PG) was produced by replacing
the choline head group of marine DHA-enriched phosphatidylcholine with glucose and evaluated
in MPTP-treated mice. DHA-PG improved motor performance and mitigated the loss of striatal TH
immunoreactivity and TH protein expression. It also reduced striatal iron deposition, partially
normalized changes in FPN1, TfR1, and FTHI1, and strengthened GPX4/xCT-related antioxidant
defense, as reflected by increased GPX4 and xCT protein expression and GSH-PX activity. DHA-
PG significantly restored Bcl-2 mRNA expression. Although the changes in Caspase-3 mRNA
expression, the ND4/ND1 ratio, and MAO activity did not reach statistical significance, all shifted
toward control values. These findings indicate that DHA-PG attenuates MPTP-induced
dopaminergic dysfunction in association with improved iron homeostasis, antioxidant defense, and
downstream injury-related processes, supporting glucose head-group modification as a potential

strategy for developing functional marine DHA phospholipids.

Key words: DHA-Enriched Phosphatidylglucoside; Parkinson’s Disease; Iron Homeostasis;

Ferroptosis

BWRIEE:

1. K06, &, WA, #d%, E-mail: zhangtiantian@ouc.edu.cn

WRFCITIA: (1) MG i A A o 0 A2 2 (RS FR 8 (2) R e 1 B 7 R 1) Dy 380 4 il 4%
SINEEVET (3) TR 45 A FLS 00 T Bh e RS HEE 35 7 5 A1 )

17


mailto:zhangtiantian@ouc.edu.cn

2. Bk, 55, EEetiisE, Bl#Ed%, E-mail: wangchengcheng@ouc.edu.cn

WA (1) BT RV AE R S a2 U (20 BT i e B (137 PR g
BRG] (3) BT 2R 2R EE IR AR B IS S HOR

BB .

2024YFD2401600, [EZKESHHFIIE, KRS IR 548 R G e 55 AR

2

7Y,

18



Anti-obesity effects of fucoxanthin and
conjugated linoleic acid complex liposomes
in high-fat diet mice through regulation of

AMPK signaling pathway

Jiyan Sun®, Yanxiaofan Sun®, Yuxin Shi®, Xuhui Lei?, Zhiying Xu?®, Yichao Ma*"¢, Shu Liu®"¢,
Yunhai He**¢, Qiukuan Wanga’b’c, Dandan Ren®>*”
1.College of Food Science and Engineering, Dalian Ocean University, Dalian, PR China;
2.National R & D Branch Center for Seaweed Processing, Dalian, PR China;
3.Key Laboratory of Aquatic Product Processing and Utilization of Liaoning Province, Dalian, PR China
*Corresponding author: Prof. Dandan Ren (rendandan@hotmail.com ORCID:0000-0002-9346-
0502)
# The authors shared the co-first authorship.

Abstract
Solving the problem of obesity has been globally recognized as a crucial public health challenge. Recent studies
have shown that fucoxanthin and conjugated linoleic acid could work together to exert an anti-obesity effect. In this
study, sodium alginate- and chitosan-modified fucoxanthin and conjugated linoleic acid complex liposome (S-C-L)
was prepared and characterized. The anti-obesity effect and mechanism of action of S-C-L were evaluated by
establishing an obese mouse model. The results indicated that S-C-L reduced the weight and fat content of obese
mice and improved their oxidative stress state. It regulated the expression levels of mRNA and protein by activating
the AMPK signaling pathway, thereby enhancing energy expenditure and inhibiting the differentiation of adipocytes,
confirming its anti-obesity properties. Comprehensive analysis indicated that S-C-L had broad application potential
in the development of anti-obesity foods and health products.

Key words: fucoxanthin, conjugated linoleic acid, complex liposome, anti-obesity activity
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Citrus Juice Marination Improves the
Flavor of Fish: A Case Study of Sea Bass
(Lateolabrax japonicus)

Yuxiang Wang!, Chenyang Zhao', Jixiang Zhang', Xiaoguo Ying!*, Shanggui Deng', Lukai Ma>"

1 Key Laboratory of Health Risk Factors for Seafood of Zhejiang Province, College of Food Science and Pharmacy,

Zhejiang Ocean University, Zhoushan 316022, China

2 Key Laboratory of Green Processing and Intelligent Manufacturing of Lingnan Specialty Food, Ministry of
Agriculture and Rural Affairs, Guangdong Provincial Key Laboratory of Lingnan Specialty Food Science and
Technology, College of Food Science and Technology, Zhongkai University of Agriculture and Engineering,

Guangzhou 510225, China

Abstract: Although aquatic products are abundant in premium proteins and other vital nutrients, their
unique fishy smell often restricts public acceptance and the development of related products.
Therefore, pre-marinating is usually used to improve sensory quality and mitigate fishy smell; In
this study, sea bass filets were marinated for 1 h at a solid—liquid ratio of 3:5 (w/w) using 15%
orange juice, 15% grapefruit juice, and 10% lemon juice. Subsequently, their effects on the flavor
and sensory quality of sea bass were examined; The results of gas chromatography-ion mobility
spectrometry (GC-IMS) showed that marinating the filets in citrus juice led to a notable increase in
volatile compounds, including esters with fruity flavor such as ethyl butyrate and terpenes with
pleasant citrus aromas such as limonene. The results of texture profile analysis (TPA) showed that
pre-marinading with orange juice and grapefruit juice significantly reduced the hardness of fish and
resulted in higher sensory evaluation scores (p < 0.05). Lemon juice treatment produced the most
noticeable whitening effect (p < 0.05); These findings suggest that citrus juices can be effectively
incorporated as marinade ingredients for sea bass, providing both theoretical insight and practical

guidance for improving the marinating technology for aquatic products.

Keywords: sea bass; citrus juice; flavor; volatile compounds; quality improvement
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Combined Protective Effects of Rohu Fish
Maw Enzymatic Hydrolysate and
Astragalus membranaceus Extract against
Cyclophosphamide-Induced Premature
Ovarian Insufficiency

Ran-Ran Pei!, Cheng-Cheng Wang!, Yu-Ming Wang', and Tian-Tian Zhang""

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

[Objective]: This study investigated the combined protective effects of rohu fish maw enzymatic
hydrolysate (RFM) and Astragalus membranaceus extract (AM) against cyclophosphamide-

induced ovarian insufficiency.

[Methods]: Eight-week-old female ICR mice were assigned to five groups: normal control (NC),
premature ovarian insufficiency model (POI), RFM, AM, and RFM+AM groups (n = 7 per group).
The experiment lasted for 21 days. Dietary intervention was provided throughout the experiment.
RFM and AM were added to the AIN-93G diet at 1% and 0.1%, respectively. The combined diet
contained both ingredients. During the second week, mice in the POI and intervention groups
received intraperitoneal injections of cyclophosphamide at 75 mg/kg once daily for seven days. The
NC group received an equal volume of normal saline. Reproductive organ indices, estrous cycles,
ovarian morphology, serum hormones, and related gene expression were evaluated. KGN cells were
exposed to 15 pM 4-hydroxycyclophosphamide (4-HC) for 48 h. RFM and AM were added
simultaneously with 4-HC. KGN cell apoptosis was quantified by flow cytometry, and estradiol

secretion in the culture supernatant was measured.

[Results]: Cyclophosphamide reduced body weight and reproductive organ indices. It prolonged the
estrous cycle and damaged ovarian morphology. It also reduced serum progesterone and estradiol
levels and increased follicle-stimulating hormone levels. RFM and AM alleviated these changes.
The combined intervention generally produced the greatest improvement. It better preserved

follicular structure and granulosa cell survival. In KGN cells, 15 uM 4-HC reduced estradiol
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secretion by approximately 40% without markedly affecting cell viability. RFM and AM increased
estradiol secretion in 4-HC-treated cells. The combined treatment produced the largest increase. The
interventions also altered the expression profiles of genes associated with follicular development

and steroid hormone synthesis.

[Conclusion]: RFM and AM alleviated cyclophosphamide-induced ovarian injury and improved
ovarian endocrine function. Their effects were associated with preserved follicular morphology and
improved estradiol secretion by granulosa cells. The combined intervention showed a greater overall

protective effect than either treatment alone.

Key words: premature ovarian insufficiency; fish maw; Astragalus membranaceus; granulosa cells;
cyclophosphamide
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Comparison of Flocculation Methods for
Sodium Alginate and Characterization of
Its Structure and Properties

Yuxin Shi '“f, Mingna Dong !, Xuhui Lei !, Zhiying Xu !, Jiyan Sun !, Yingying Zhao !, Yichao
Ma 23, Hui Zhou >3, Shu Liu >3, Yunhai He ">, Qiukuan Wang '»* and Dandan Ren "">**

1 College of Food Science and Engineering, Dalian Ocean University, Dalian 116023, China;
15836713449@163.com (M.D.); xuzhiying1214@163.com (Z.X.); 19819752650@163.com (Y.Z.)
2 National R&D Branch Center for Seaweed Processing, Dalian 116023, China
3 Key Laboratory of Aquatic Product Processing and Ultilization of Liaoning Province, Dalian 116023, China
* Correspondence: rdd@dlou.edu.cn
+ These authors contributed equally to this work.
Abstract :This study investigated how different extraction parts of raw materials and different
flocculation methods affect the extraction yield, structure, and properties of sodium alginate. The
aim was to improve the quality of sodium alginate and provide theoretical guidance for upstream
enterprises. In this study, Lessonia nigrescens (LN) was used as a raw material. The alkali treatment
conditions were optimized. The optimal extraction conditions weredetermined to be a 2% sodium
carbonate concentration, a duration of 4 h, a material-toliquid ratio of 1:40, and a temperature of 60
°C, achieving an extraction yield of 43.03%. LN was categorized into blades, stipes, holdfasts, and
whole seaweed for comparative analysis, and sodium alginate was flocculated using the acid,
calcium, and ethanol methods. Structural and physicochemical analyses showed that the mannuronic
acid/guluronic acid (M/G) ratios of the twelve sodium alginate samples ranged from 5.73 to 8.76.
The LN part had a greater influence on the M/G ratio than the flocculation method. The relative
molecular weight (2343—-3074 kDa) and viscosity (170-331 mPa-s) exhibited consistent trends. For
the same part, the effect of the flocculation method on the molecular weight followed the order
ethanol > acid > calcium. The physicochemical properties of the extracted sodium alginate met the
requirements specified in the physicochemical index standard GB 1886.243-2016 of China.

Key words: Lessonia nigrescens; sodium alginate; extraction process; structural analysis
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Cryoprotective properties of betaine-based
natural deep eutectic solvents and their
regulatory mechanisms on the quality of

frozen shrimp surimi

Yan Li!, Wenzheng Shi'*

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

Abstract: Natural deep eutectic solvents (NADESs) have emerged as promising candidates in the
field of cryoprotection owing to their non-toxicity, excellent biocompatibility, and structural
designability. In this study, three betaine-based NADESs (betaine:glycerol (Bet:Gly),
betaine:sorbitol, and betaine:glucose), were selected to systematically investigate their
cryoprotective properties, as well as their protective effects and underlying mechanisms on frozen
shrimp surimi. Visual observation of freezing behavior and DSC analysis revealed that the betaine-
based NADESs exhibited lower freezing points compared with water and 50% sucrose solution, and
that the pure NADESs remained unfrozen even at -80 °C. Ice recrystallization inhibition assays
indicated that the presence of NADESs effectively retarded ice nucleation and growth, and
suppressed recrystallization, with Bet:Gly showing the most pronounced effect. After five FT cycles,
the gel treated with 4 wt% Bet:Gly retained 89% of its original gel strength, which was 35% and
22.80% higher than that of the control group and the commercial cryoprotectant group, respectively.
Moreover, the 4 wt% Bet:Gly-treated group maintained the highest water-holding capacity (76.18%)
after five FT cycles. In addition, Bet:Gly effectively inhibited protein oxidation and denaturation,
as evidenced by reduced loss of sulfhydryl groups, decreased surface hydrophobicity, and
suppressed aggregation of myofibrillar proteins. Molecular docking results further revealed that
Bet:Gly could capture water molecules via hydrogen bonds, and stabilize myofibrillar proteins
through hydrogen bonding, van der Waals forces, and salt-bridge interactions. Collectively, these

findings suggest that Bet:Gly holds great promise as a cryoprotectant for the food industry.

Keywords: Natural deep eutectic solvent; ice recrystallization inhibition; shrimp surimi; freeze-thaw stability;
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cryoprotection mechanism
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Dynamic Evolution of Muscle Quality and
Metabolic Response Mechanisms in Lvpan
abalone During Waterless Preservation®

Sun Yaxin 2, Wang Shanyu 2 Liu Qi 2, Sun Yong ?, Cao Rong > ®
(1. School of Food Science and Engineering, Ocean University of China, Shandong Qingdao 266003, China;

2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 26607 1,China)

Abstract:[Objective]To elucidate the dynamic changes in muscle quality and physiological metabolism of Haliotis
discus hannai during sealed, oxygenated, low-temperature waterless live storage.[Methods]Female Haliotis discus
hannai * male H. fulgens were used as the research subject. Waterless storage was conducted at 3°C for 0—7 days.
Basic nutritional components, glycogen and lactic acid levels, antioxidant enzyme activities, and malondialdehyde
content were measured. Muscle quality and flavor profile were further evaluated by analyzing nucleotides, free
amino acids, free fatty acids, texture, histology, electronic tongue, and electronic nose. Orthogonal partial least
squares discriminant analysis (OPLS-DA) was used to construct a flavor metabolite network and screen for key
biomarkers of quality transformation. [Results]As the storage time increased, moisture, crude protein, and crude fat
contents decreased overall, while ash content increased relatively. Glycogen content decreased, and lactic acid
showed a rise-then-fall trend. Activities of superoxide dismutase and catalase first increased then decreased, while
malondialdehyde accumulated continuously, indicating antioxidant defense activation in the early phase and
progressively aggravated oxidative damage later. Muscle texture parameters generally declined. Histological
analysis revealed enlarged inter-fiber spaces, looser arrangement, and impaired structural integrity in the late storage
period. Taste analysis showed significant decreases in umami and richness (p < 0.05), with increased bitterness. The
largest odor profile difference was observed between day 0 and day 7 groups based on electronic nose results, and
the day 5 group was clearly separated from the day 6—7 groups, suggesting day 5 may be a key node for odor quality
change. OPLS-DA identified 11 key compounds as biomarkers of quality transformation, and a flavor metabolite

network was constructed. The study further revealed an intrinsic link between the depletion of non-volatile taste

*BEEH: FRE S AR (2024YFD2401901), 1 E 7K =R 240 70 b AR L 55 27
(2023TD72) % Bi[This work was supported by the National Key R & ientific Institution Basal
Research Fund, CAFS (NO.2023TD72)]
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compounds and the generation of volatile aroma compounds, proposing a unified metabolic mechanism for flavor
deterioration. [Conclusion] In the early stage of storage, /vpan abalone mainly maintains homeostasis through energy
regulation and antioxidant defense; after 5 days, oxidative damage, tissue deterioration, and flavor deviation become
evident. Eleven key biomarkers can be used as indicators of quality transformation. This work shifts the focus from
mere survival rate to the maintenance of sensory shelflife, providing a mechanistic framework for optimizing aquatic

product logistics.

Keywords: Lvpan abalone; Waterless preservation; Energy metabolism; Oxidative stress; Muscle quality
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Effect of Low-Salt Composite Tenderization
on Texture and Flavor of Rainbow Trout:
Process Optimization and GC-IMS Analysis

Jiaxin Gan'?, Huan Xiang?, Shengjun Chen!?*
1 College of Food Science and Technology, Shanghai Ocean University, Shanghai 201306, China;
2 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, China

Abstract : To improve the processing quality and market competitiveness of rainbow trout
(Oncorhynchus mykiss) by addressing issues such as tough texture, dry mouthfeel, and monotonous
flavor caused by heating and other factors, this study utilized rainbow trout meat to conduct single-
factor experiments. This study investigated the effects of salt, white sugar, xylitol, papain, and -
polyglutamic acid on fish texture, color, and sensory properties. Subsequently, the tenderizing
technique was optimized. Volatile flavor compounds in the optimal treatment group (OA) and the
untreated control group (BL) were compared using gas chromatography-ion mobility spectrometry
(GC-IMS), and key flavor compounds were identified. Furthermore, correlation network analysis
revealed intrinsic relationships among the quality indicators. The optimal curing process for rainbow
trout fillets was identified based on the significant enhancement of texture and the highest sensory
score. A total of 75 volatile compounds were detected in 11 classes, including aldehydes, alcohols,
and ketones. Treatment with OA led to an increase in the total concentration of volatile compounds
from 7.10 to 7.96 mg/kg, facilitating the generation of desirable compounds, such as 3-hydroxy-2-
butanone, 2-methylpropanal, and ethyl butyrate, while effectively inhibiting the buildup of straight-
chain aldehydes, such as hexanal and octanal. Furthermore, it completely eradicated 2-isopropyl-3-
methoxypyrazine, a compound known to impart strong grassy flavors. This study introduced an
optimized low-salt composite tenderization process to enhance the texture and taste of rainbow trout
meat, elucidating the mechanism of quality improvement through flavor chemistry and multi-

indicator correlation analyses. The findings offer reliable process parameters and a scientific
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foundation for the industrial processing of rainbow trout.

Key words: rainbow trout; tenderization process; gas chromatography-ion mobility spectrometry
(GC-IMS); volatile flavor compounds; correlation analysis

Acknowledgements: The authors are grateful for the financial support from the Full-Chain
Research Project of the Chinese Academy of Fishery Sciences (2025XT0105) ; the Earmarked
fund for CARS (CARS- 46); Guangdong Basic and Applied Basic Research Foundation
(2023A1515111155); Central Public-interest Scientific Institution Basal Research Fund, South
China Sea Fisheries Research Institute, CAFS (2023TD74); the Guangdong Provincial Special Fund

for Modern Agriculture Industry Technology Innovation Teams (2024CXTD26).

Correspondence: M7 (1973-), 5, {4, W5 m, W Am: K&EmNLESRE %4
%, E-mail: chenshengjun@scsfti.ac.cn

Quality changes
Processing Flowchart . s o =1 -

Y 1

| ! S
| i g A
| G B ] ol g
H : ! 1~ B
| > ae | 125% i £ o

! ' % Salt | i |

1 == '

1 Tail Picce Dorsal Loin ! ; A
N W o Gy -

) 3 , xylitol ] ;

1 2 7 ' “ a

! |

! 1

! ]

| 1

! 1

! 1

) 1

Posterior Mid-section YeptrabElesh

olly Fls
sl Flup o

V-PGA

Volatile compounds

30



Effects of alkaline pH-shifting combined
with arginine and lysine on the properties of
grass carp myofibrillar protein emulsion
gels under low-salt conditions

Haipeng Wu, Ruiying Ran, Yi Xie, Guoping Wu, Chan Zhong*
College of Food Science and Engineering, Jiangxi Agricultural University, Nanchang, 330045, Jiangxi, China

Abstract: Myofibrillar proteins (MPs) from grass carp exhibit low solubility and inferior interfacial activity under
low-salt conditions, severely limiting their application in low-fat and low-salt emulsion gel products. In this study,
grass carp MPs were modified via alkaline pH-shifting combined with arginine or lysine at concentrations of 0%,
0.1%, 0.5%, and 1.0% (w/v). The protein conformational changes, thermal stability, and emulsifying properties of
emulsion gels fabricated with camellia oil, safflower seed oil, and perilla seed oil were evaluated. Both amino acids
induced the partial unfolding of MPs, converting o-helix and B-sheet structures into B-turns, which effectively
improved protein solubility and thermal stability. The optimal modification efficacy was obtained at 0.5%, with the
solubility of arginine- and lysine-modified MPs reaching 62.78% and 62.89%, respectively. At the optimal
concentration, all three oil-based emulsion gels presented enhanced emulsifying activity, greater absolute zeta
potentials, smaller and more uniformly dispersed oil droplets, and denser interfacial protein films, along with
substantially suppressed lipid oxidation. By contrast, the 1.0% amino acid treatment triggered competitive adsorption
between free amino acids and MPs at the oil-water interface, which exacerbated oil droplet flocculation and impaired
the overall emulsion performance. These findings demonstrate that alkaline pH-shifting combined with a moderate
concentration of arginine or lysine can synergistically enhance the physical stability and oxidative stability of low-
salt MP emulsion gels by regulating protein conformation to optimize interfacial adsorption behavior, providing a

theoretical basis for the development of low-salt fish protein-based emulsion products.
Key words: Myofibrillar protein; Alkaline pH-shifting; Arginine and lysine; Emulsion gel; Low-salt
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Effects of Combined Treatment with
Chlorine Dioxide and Ginger Juice on
Freshness Preservation and Protein
Oxidation of Longsnout Catfish

Junyi Yang'#, Peng Shi'*, Jun Mei!”*, Jing Xie!23436
(1 College of Food Science and Technology, Shanghai Ocean University, Shanghai 201306, China
2 Key Laboratory of Aquatic Products High Quality Utilization, Storage and Transportation (Co-construction by
Ministry and Province), Ministry of Agriculture and Rural Affairs
3 National Experimental Teaching Demonstration Center for Food Science and Engineering Shanghai Ocean
University, Shanghai 201306, China
4 Shanghai Engineering Research Center of Aquatic Product Processing and Preservation, Shanghai 201306,
China
5 Shanghai Professional Technology Service Platform on Cold Chain Equipment Performance and Energy Saving
Evaluation, Shanghai 201306, China
6 Marine Biomedical Science and Technology Innovation Platform of Lin-gang Special Area, Shanghai, China )
* Correspondence: jxie@shou.edu.cn (J.X.); jmei@shou.edu.cn (J.M.)

Tel.: +86-21-61900351 (J.X.);

Abstract: This study investigated the combined effects of chlorine dioxide (ClO2) and ginger juice
on the preservation and protein oxidation of longsnout catfish stored under modified atmosphere
packaging at 4°C. Fish samples were divided into five groups: control (CK), modified atmosphere
packaging alone (Q), 48 mg/L ClO: (CI), 125 mL/L ginger juice (J), and their combination (CLJ).
Microbial counts, pH, K value, TVB-N, and myofibrillar protein structural changes—including
secondary and tertiary structures, Ca**-ATPase activity, and carbonyl and total sulthydryl contents—
were monitored over 15 days. The CIJ treatment showed the strongest preservation effect,
significantly inhibiting microbial growth, delaying increases in K value and TVB-N. Although ClO2
alone induced oxidative damage, as evidenced by lower Ca**-ATPase activity and higher carbonyl

levels, the antioxidant components in ginger juice effectively counteracted this oxidation and
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preserved protein structure. At day 15, the C1J group retained 46.98% a-helix content and the highest
total sulthydryl levels. The synergistic action of ClO: (bactericidal) and ginger juice (antioxidant
and deodorizing) extended shelf life by at least 3 days compared with individual treatments. This
combined approach offers a practical strategy for preserving aquatic.

Keywords: ClO2, Ginger juice, Longsnout catfish, Protein oxidation
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Effects of intestinal contents on muscle
quality and protein degradation of red
shrimp (Solenocera crassicornis) during
cold storage

Feili Zhan *>, Renda Yu %, Wenxiong Zheng ?, Soottawat Benjakul®, Daodong Pan®, Bin Zhang **
1. College of Food Science and Pharmacy, Zhejiang Ocean University, Zhoushan, 316022, Zhejiang;
2. College of Food Science and Engineering, Ningbo University, Ningbo,315211, Zhejiang;
3. International Center of Excellence in Seafood Science and Innovation, Faculty of Agro-Industry, Prince of
Songkla University, 90112, Songkhla,Thailand,

4. College of Food Science and Technology, Henan Agricultural University, 450002, Zhengzhou 450002

Abstract: This study explored the effects of intestinal components on muscle quality deterioration
and protein degradation of red shrimp during refrigerated storage. This study investigates the impact
of intestinal contents and intestinal microbial metabolites on muscle quality and protein degradation
by measuring muscle quality, endogenous enzyme activity, and physicochemical parameters related
to muscle protein degradation, combined with metagenomic analysis to elucidate the composition
and function of the gut microbiota.The results demonstrated that refrigeration induced continuous
quality degradation and muscle protein breakdown in red shrimp, whereas eliminating intestinal
tissues effectively retarded muscle spoilage and protein degradation and optimized muscle texture.
The intestinal microorganisms capable of secreting extracellular proteases to promote muscle
protein degradation were primarily Vibrio, Bacillus, Pseudomonas, Photobacterium, and
Shewanella. These microorganisms promote protein degradation by secreting zinc proteases, serine
proteases, and aspartyl proteases. This study elucidates the molecular mechanisms of intestinal
microbial metabolism influences the muscle protein degradation of red shrimp during refrigeration.
The findings provide a theoretical foundation for precise regulation of intestinal-targeted

microorganisms, thereby maintaining the optimal quality of shrimps during refrigeration.

Keywords: Red shrimp; myofibrillar proteins; non-targeted metabolomics; metagenomics;
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Top 10 proteolytic gene abundance
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Effects of oil type on the gelation
characteristics and in vitro curcumin
release behavior of tilapia myofibrillar
protein/k-carrageenan oligosaccharide
emulsion gels

Li-Jing Xu?, Yu-Zhen Qiu?, Sai-Yi Zhong® Rui Li®"
2 College of Food Science and Technology, Guangdong Ocean University, Guangdong Provincial Key Laboratory
of Aquatic Product Processing and Safety, Guangdong Province Engineering Laboratory for Marine Biological
Products, Guangdong Provincial Engineering Technology Research Center of Seafood, Guangdong Provincial
Engineering Technology Research Center of Prefabricated Seafood Processing and Quality Control, Guangdong
Provincial Science and Technology Innovation Center for Subtropical Fruit and Vegetable Processing, Zhanjiang
524088, China

b Shenzhen Research Institute, Guangdong Ocean University, Shenzhen 518120, China

Abstract: Emulsion gels are theoretically ideal carriers for liposoluble bioactives. However, their
potential has been limited by a lack of systematic comparisons of the interactions between
oligosaccharide-modified proteins with different oil types. Therefore, this study fabricated tilapia
myofibrillar protein (TMP)/k-carrageenan oligosaccharide (kCOS) complex-stabilized emulsion
gels and assessed them for curcumin (CUR) encapsulation and in vitro release. The effects on
curcumin stability and bioavailability were investigated using oils differing in carbon chain length
and unsaturation degree. Namely, medium-chain triglycerides, MCT; flaxseed oil, FO; Engraulis
japonicus oil, EJO were chosen and yielded oil-in-water emulsion gels. As the oil volume fraction
(p) increased from 0.60 to 0.75, the storage modulus showed an increasing trend, whereas the
optimal gel strength was achieved at ¢ = 0.7. At this ¢, the CUR encapsulation efficiency ranked as
CUR-MCT (95.92 + 1.47%) > CUR-FO (93.10 + 1.62%) > CUR-EJO (91.12 + 1.03%). CUR-MCT
exhibited superior photostability and thermal stability, evidenced by the highest retention rates of
47.15 £ 2.18% and 83.86 £ 1.24%, respectively. Curcumin bioavailability exhibited the same trend

as free fatty acid release across the in vitro digestion process: CUR-MCT (52.20 =+ 0.37%, 44.49 +
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1.63%) > CUR-FO (26.82 + 0.63%, 27.92 £+ 1.32%) > CUR-EJO (16.03 £ 0.18%, 20.27 + 1.21%)).
Overall, the MCT-based emulsion gel demonstrated the best performance and is the optimal oil for
TMP/xCOS complex-stabilized emulsion gel fabrication and curcumin delivery. This study provides
theoretical insights towards the use of tilapia proteins and oligosaccharides and selection of oil for
lipophilic bioactive delivery.

Key words: Delivery system; In vitro digestion; Oil type; Stability; Lipophilic bioactive
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Effects of Organic Acid Curing on
Physicochemical Properties and Quality of
Semi-Dried Grass Carp Fillets

Wan-jun HU!, Rui-ying Lv', Ming-yu YIN!, Xi-chang WANG!, Qing-qing JIANG'*
1.College of Food Science and Technology, Shanghai Ocean University, Shanghai 201306, China

Abstract: This study investigated the effects of organic acid type and curing pH on the quality
attributes of semi-dried grass carp fillets. L-Ascorbic acid, L-malic acid, and citric acid were used
to adjust the pH of a glucose-containing NaCl curing solution to 6.0, 4.5, and 3.0, respectively. Grass
carp fillets were cured in these solutions, then steamed and vacuum-dried. Compared with the
control group, organic acid curing significantly decreased the pH, a” value, and water activity, while
significantly increasing the L" value, salt content, and hardness of the semi-dried grass carp fillets
(p < 0.05). Hardness generally decreased with decreasing curing pH, and protein solubility was
lowest at pH 4.5. All organic acid treatments effectively inhibited lipid oxidation during curing and
drying. A total of 36 volatile compounds were identified, including 13 esters, 4 alcohols, 5 aldehydes,
6 ketones, and 8 other compounds. However, the overall composition of volatile flavor compounds
did not differ significantly among the curing pH treatments (p > 0.05). At a given pH, citric acid
treatment resulted in higher contents of taste-active nucleotides and free amino acids and exhibited
a more favorable volatile flavor profile. Overall, citric acid curing at pH 4.5 provided a favorable
balance among product quality and flavor development. This study provides a basis for the
application of organic acid curing in the processing and quality control of semi-dried grass carp

products.
Key words: grass carp; organic acid; semi-dried product; physicochemical properties; flavor
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Effects of slaughter methods on energy
metabolism, oxidative stress, apoptosis, and
postmortem quality of brown-marbled
grouper (Epinephelus fuscoguttatus) during
cold storage

Penglei Yao!; Jing Xiel:% 3456 %
! College of Food Science and Technology, Shanghai Ocean University, Shanghai 201306, China
2 Key Laboratory of Aquatic Products High Quality Utilization, Storage and Transportation (Co-construction by
Ministry and Province), Ministry of Agriculture and Rural Affairs
3 National Experimental Teaching Demonstration Center for Food Science and Engineering Shanghai Ocean
University, Shanghai 201306, China
4 Shanghai Engineering Research Center of Aquatic Product Processing and Preservation, Shanghai 201306, China
5 Shanghai Professional Technology Service Platform on Cold Chain Equipment Performance and Energy Saving

Evaluation, Shanghai 201306, China

6 Marine Biomedical Science and Technology Innovation Platform of Lin-gang Special Area, Shanghai, China

Abstract: [Objective]: This study evaluated the effects of five slaughter methods on energy
metabolism, oxidative stress, apoptosis, and quality of brown-marbled grouper during cold storage.
[Methods]: Fish were subjected to gill cutting (T1), percussion (T2), CO: anesthesia followed by
percussion (T3), CO2 anesthesia (T4), or gradual cooling (T5), and muscle was stored at 4 °C for 0—
72 h. Serum cortisol (COR), lactate dehydrogenase (LDH), and glucose (GLU) were measured at 0
h. Muscle ATP and related compounds, lactate, glycogen, pH, reactive oxygen species (ROS),
apoptosis, caspase-3 activity, texture, and myofibril fragmentation index (MFI) were assessed
during storage. Catalase (CAT) and superoxide dismutase (SOD) activities were determined only at
0 h, and untargeted metabolomics was used to compare T1 with T5. [Results]: T1 showed higher
COR, LDH, and GLU, faster ATP and glycogen depletion, generally higher lactate, ROS, apoptosis,
caspase-3 activity, and MFI, lower pH, and poorer texture. In contrast, TS exhibited lower slaughter

stress, slower energy depletion, and better texture retention. Higher CAT activity in T1 at 0 h may
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reflect an acute compensatory response to oxidative stress, whereas higher SOD activity in TS was
consistent with its lower ROS levels. Metabolomics revealed distinct postmortem metabolic
trajectories, with energy and redox metabolism showing sustained differences between treatments.
[Conclusion]: Overall, slaughter by gradual cooling better maintained postmortem muscle
metabolic homeostasis and delayed quality deterioration during cold storage.

Keywords: Slaughter methods; Brown-marbled grouper; Energy metabolism; Oxidative stress;
Apoptosis
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Enhancement of Gelation and Protein
Interactions in Low-Salt Shrimp Gels via
Static Magnetic Field Coordinated with
Microcrystalline Cellulose

Chunyu Li'?, Siyang Liu', HuamaoWei'*"

1. College of Food Science and Engineering, Ningbo University, Ningbo 315211, China
2. Zhejiang Key Laboratory of Intelligent Food Logistic and Processing, Zhejiang-Malaysia Joint Research
Laboratory for Agricultural Product Processing and Nutrition, Ningbo University, Ningbo 315211, China

Abstract

With the purpose of developing low-salt shrimp gel products, the present study explored the
influence of the low-temperature static magnetic field (LT-SMF) pre-gelation process combined
with the additions of microcrystalline cellulose (MCC) on the gel quality enhancement and its
mechanism. LT-SMF process was used to treat the shrimp gels, and different proportions of MCC
were added to evaluate the gels via textural properties, drip loss and water distribution, protein
properties, and microstructure with molecular docking method. The results suggested that an MCC
addition of 0.6% significantly enhanced the hardness, chewiness, and springiness of the shrimp gels,
reduced drip loss, and improved water holding capacity. SDS-PAGE analyses and FTIR analysis
indicated that the combined LT-SMF and MCC treatment synergistically promoted the formation of
B-sheet structures in proteins and facilitated the cross-linking of the myosin heavy chain (MHC),
thereby leading the stability of the gel network enhanced. The microstructural results indicated that
the collaborative-treated gel network became more uniform and denser. Molecular docking
simulations further revealed the stable binding mechanism between biosaccharides in MCC and
MHC in shrimp. This study provides a new insight into the development of low-salt shrimp gel

products and offers significant theoretical and practical value.

Key words: Low-temperature static magnetic field; shrimp gel; microcrystalline cellulose; protein

properties; water distribution.
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Enhancing the flavor profiles of sheep bone
soup by supplementing Solen grandis meat

Zheng Yugqi'?, Liu Liang'?, Liang Hongxia', Zheng Jie?, Song Zhiyuan'®

1. College of Food Science and Engineering, Dalian Ocean University, Dalian 116023, Liaoning; 2. Liaoning

Ocean and Fisheries Science Research Institute, Dalian 116023, Liaoning

Abstract : [Objective] Sheep bone soup (SBS) is well received but is hindered by a lack of flavor
richness and mutton odor, limiting its sensory quality and market acceptance.This study used Solen
grandis meat as a flavor-improving raw material andinvestigated the effects of different addition
levels on the non-volatile organic compounds (NVOCs) and volatile organic compounds (VOCs) of
SBS; [Methods] S. grandis meat was added to SBS at 50, 75, 100, and 125 g (SBS-SG1-SBS-SG4).
SBS without S. grandis served as the control (SBS-F), and S. grandis soup (SGS) was included as
a reference. Physicochemical indices and taste-active compounds were determined, taste profiles
were evaluated using an electronic tongue (E-tongue), and VOCs were characterized via gas
chromatography-ion mobility spectrometry (GC-IMS), followed by correlation analysis between
NVOCs and VOCs; [Results]The results indicated that adding S. grandis significantly reduced the
pH and elevated the contents of soluble solids, total amino acids, and taste-active compounds in
SBS (P < 0.05). E-tongue analysis verified that the composite soups possessed remarkably higher
umami intensity and richness than SBS, without affecting the original taste attributes of sourness,
sweetness, saltiness, and bitterness. Altogether, GC-IMS detected 68 VOCs, among which
aldehydes were the dominant aroma components. SBS-SG3 had the highest relative total aldehydes
content, with abundant sulfur-containing volatile substances that effectively masked the mutton off-
odor of SBS. Correlation analysis demonstrated that flavor synergy between umami amino acids
and nucleotides was reinforced under low-to-medium supplementation levels (50-75 g), while the
abundant correlations between NVOCs and VOCs, achieving optimal flavor balance, were observed
in the SBS-SG3; [Conclusion] SBS-SG4 had the highest equivalent umami concentration, whereas
SBS-SG3 showed a more coordinated profile of taste-active and volatile flavor compounds. These

results suggest that the addition of 100 g of S. grandis meat may provide a suitable balance between
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umami intensity and aroma characteristics. These findings clarify the material basis of S. grandis-
induced flavor improvement and provide theoretical data for intensive shellfish processing and the

innovative exploitation of composite ready-to-cook seafood soups.

Key words: Solen grandis; sheep bone soup; non-volatile flavor compounds; volatile flavor

compounds; umami synergism
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Environmental salinity shapes nutritional
quality and taste components of mud crab
Scylla paramamosain from two natural
habitats in eastern Guangdong of China
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515063, Guangdong, China
% Higher Institute Centre of Excellence (HICoE), Institute of Tropical Aquaculture and Fisheries, Universiti

Malaysia Terengganu, 21030 Kuala Nerus, Terengganu, Malaysia

Abstract: Environmental salinity alters the nutritional quality and taste of mud crab Scylla paramamosain, affecting
consumer purchasing behavior. We designed a comparative study on two salinity habitats (Niu Tian Yang, NTY,
~2%o; Zhelin Bay, ZLB, ~22%o) in eastern Guangdong, examining the proximate composition, collagen, amino acids,
fatty acids, free amino acids, and nucleotides in the hepatopancreas, body and appendicular muscles of mud crab.
Results revealed that NTY crabs had significantly higher content of lipid in the hepatopancreas compared to ZLB
crabs. NTY crabs accumulated significantly higher contents of collagen and n-3 long-chain polyunsaturated fatty
acids in body and appendicular muscles, while ZLB crabs had significantly higher levels of most amino acids in
muscles. Muscle tissues were mainly composed of sweet free amino acids, while the hepatopancreas contained more
bitter one. The ZLB crabs had significantly higher equivalent umami concentration in all three edible parts. These
findings demonstrate that high-salinity environments enhance umami flavor, whereas low-salinity conditions favor

collagen deposition and n-3 LC-PUFA enrichment. Overall, this study provides a scientific basis for optimizing

46



aquaculture salinity management to balance consumer preferences for nutrition and taste.

Keywords: Scylla paramamosain; salinity; amino acids; n-3 long-chain polyunsaturated fatty acids
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Flavor formation and metabolic
transformation during mixed microbial
fermentation of rapidly fermented low-salt
fish sauce from mandarin fish viscera

Jiali Lu, Xinhui Huang, Juanjuan Xian, Guoping Wu, Chan Zhong

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

Abstract: Low-salt fish sauce produced via traditional fermentation suffers from the uncontrolled proliferation of
spoilage microorganisms, excessive biogenic amine accumulation, and inferior flavor quality, which severely limits
its industrial-scale production and application. In this study, a mixed microbial fermentation system consisting of
Tetragenococcus halophilus, Debaryomyces hansenii, and Bacillus subtilis was constructed to rapidly prepare low-
salt fish sauce (10%, w/v salt) from mandarin fish viscera within 30 days. The results demonstrated that the mixed
microbial fermentation markedly improved the safety and quality of the fish sauce product. Specifically, the final
amino acid nitrogen content reached 1.033 g/100 mL, the umami amino acid content increased by 12.19%, while
the volatile basic nitrogen content decreased by 35.48%. Meanwhile, the total biogenic amine content was reduced
to 340.50 mg/kg, which was substantially lower than the 498.22 mg/kg detected in the control group. A total of 33
aroma-active compounds with odor activity values (OAV > 1) were identified via GC-MS-based flavoromics analysis.
The synergistic accumulation of aldehydes, heterocyclic compounds, alcohols and esters jointly contributed to the
characteristic aroma of rapidly fermented mandarin fish viscera fish sauce. Untargeted metabolomics analysis based
on UPLC-QTOF-MS detected 1825 metabolites, of which 388 differential metabolites (VIP > 1.5, P < 0.05) were
mainly classified as lipids, organic acids, and oxygenated organic compounds. Correlation analysis further indicated
that the mixed microbial consortium promoted flavor maturation via synergistic proteolysis, amino acid and lipid
metabolism. The multi-omics analysis elucidated the synergistic metabolic and flavor-forming mechanism of mixed
microbial co-fermentation, providing a theoretical basis for the high-value utilization of aquatic processing
by-products and industrial quality optimization of rapidly fermented low-salt fish sauce.

Key words: Rapid fermentation; Low-salt fish sauce; Mixed starters; Flavor formation; Metabolomics
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Fractional Extraction and Lipid Profile
Characterization of Procambarus clarkii Oil
via Non-targeted Lipidomics
JianZHANG'?, YangLI'?, MingYuYIN'?", XiChangWANG'**

I 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: This study employed ultrasound-assisted hexane extraction (UAHER) to fractionally
extract lipids from the enzymatic hydrolysis residue of Procambarus clarkii heads, and analyzed
lipid composition dynamics using non-targeted lipidomics. Response surface methodology
optimized the conditions to a solid-liquid ratio of 1:5.3, ultrasonic time of 21 min, and power of 320
W, achieving a high actual oil recovery of 94.12%. Furthermore, the total lipid yield (2.21%) was
higher than that of the Folch method (2.10%). The physicochemical properties of the extracted oil
met the secondary crude fish oil standards. Fatty acid profiling demonstrated that, compared to
singular enzymatic hydrolysis (HEH), hexane extraction of the residue (HER), and chloroform-
methanol extraction (CMER), UAHER significantly enhanced polyunsaturated fatty acids (PUFA)
while effectively retaining EPA and DHA (1.86%). Furthermore, lipidomic analysis revealed that
the secondary hexane extraction was the core factor remodeling the lipid profile. Ultrasonic
cavitation did not uniformly increase all lipids; rather, it specifically facilitated the release of
complex structural lipids, significantly upregulating subclasses such as diacylglycerols (DG),
diacylglyceryl trimethylhomoserines (DGCC), ether-linked phosphatidylinositols (EtherPI), and
sphingomyelins (SM). Notably, complex molecules like DGCC(33:5) and glycosylated sterol
ST(29:1;0;Hex;FA(22:0)) were maximally enriched. In conclusion, UAHER achieves highly
efficient lipid recovery and specifically enriches high-value functional lipids, providing a reliable

theoretical and practical foundation for the valorization of aquatic processing by-products.

Keywords: Fractional extraction; Ultrasound; Enzymatic hydrolysis; Lipidomics; Polyunsaturated
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fatty acids.
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From internal degradation to quality
deterioration: Lipid peroxidation-induced
protein changes in sea bass (Lateolabrax
japonicus) during storage revealed by
multi-omics
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Abstract: This study revealed that during frozen storage of sea bass, reactive carbonyl species from
oxidized visceral lipids migrated into the muscle, inducing “lipid-protein co-oxidation.” In viscera-
containing (CV) samples, myofibrillar protein carbonyl content increased by 108.26%, Ca**-
ATPase activity decreased by 50.9%, and total sulfhydryl content declined by 13.44%. Visceral
lipid oxidation also altered free amino acid profiles, elevating bitter-tasting histidine and lysine
while reducing sweet proline and glycine, which was consistent with electronic tongue results
showing enhanced umami but reduced sweetness. Volatile analysis indicated enriched hydrocarbons
and aldehydes in CV group. Proteomics identified 140 differentially expressed proteins, mainly
associated with immune and structural functions, with KEGG enrichment highlighting PPAR
signaling and immune pathways. Notably, immune proteins exhibited pronounced degradation. This,

combined with the breakdown of structural proteins, accelerated muscle quality deterioration.
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Fucoidan oligosaccharides from
Kjellmaniella crassifolia ameliorate
ulcerative colitis by regulating the TLR4
and NF-kB signaling pathway and
modulating gut microbiota

Zhiying Xu ¥ Zheyu Jia ¥, Liu Li !, Feiyan Zeng !, Jiyan Sun !, Yichao Ma %3, Wenzheng Shi 4,

Shu Liu *3, Yunhai He 3, Qiukuan Wang >3 and Dandan Ren !23%
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2 National R & D Branch Center for Seaweed Processing, Dalian, PR
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Key Laboratory of Aquatic Product Processing and Utilization of
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University, Shanghai, China

* Correspondence: rendandan@hotmail.com
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Abstract

Ulcerative colitis (UC) is a form of Inflammatory Bowel Disease (IBD), which is marked by severe abdominal pain,
weight loss, perianal bleeding, and diarrhea. This study successfully isolated and purified four low-molecular-weight
fucoidan oligosaccharides through acid hydrolysis and Bio Gel P10 gel filtration. The molecular weights were
2.9x10*-1.36 x 10°Da, 182—1012Da, 161 —939Da and 161 —939Da, respectively. A mouse model of colitis was
induced using Dextran Sulfate Sodium (DSS). The results indicated that fucoidan and fucoidan oligosaccharides
could ameliorate murine ulcerative colitis, with the oligosaccharides (200mg/kg/d) demonstrating superior
therapeutic effects. This superiority was likely attributed to the lower molecular weight and higher content of total
sugars and fucose. The primary mechanisms involved the modulation of gene and protein expression levels
associated with the Toll-like receptor 4, Myeloid differentiation primary response 88, Nuclear Factor kappa-light-
chain-enhancer of activated B cells, p65, and Inhibitor of kappa light polypeptide gene enhancer in B-cells, alpha
(TLR4, MYD8S8, NF-kB p65, and IkB-a) signaling pathways, which reduce the production of inflammatory
cytokines such as Tumor Necrosis Factor-alpha, Interleukin-1 beta and Interleukin-6 (TNF-q, IL-1B, and IL-6).
Additionally, these oligosaccharides alleviated oxidative stress, enhanced the levels of intestinal barrier proteins
(Claudin family member 4 and Zonula occludens protein 1), regulated the abundance and diversity of the gut

microbiota, and increased the levels of short-chain fatty acids (SCFAs) in the intestine. It is worth emphasizing

that this study can only demonstrate that fucoidan oligosaccharides have a mitigating effect on intestinal
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inflammation in mice. Further research is needed in the future to investigate the structure-activity
relationship of fucoidan oligosaccharides and their impact on human intestinal microbiota, in order to

further elucidate their anti-inflammatory mechanisms.

Keywords: Fucoidan; Fucoidan oligosaccharides; Ulcerative colitis; Anti-inflammatory mechanism;

Gut microbiota
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Glycosylated fish collagen peptides with
different degrees of modification: effects on
gelation properties and volatile flavor of
tilapia surimi
Shiyu Qiu 2, Jianwei Cen !, Huan Xiang !, Shuxian Hao !, Ya Wei !, Chunsheng Li !, Xiao Hu !,

Jun Li %, Yonggiang Zhao "* Hui Huang

1.Key Laboratory of Aquatic Product Processing, Ministry of Agriculture and Rural Affairs, South China Sea
Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510300, China

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

3.Key Laboratory of Efficient Utilization and Processing of Marine Fishery Resources of Hainan Province, Sanya
Tropical Fisheries Research Institute, Sanya, China

4.Guangdong Provincial Key Laboratory of Lingnan Specialty Food Science and Technology, Key Laboratory of

Green Processing and Intelligent Manufacturing of Lingnan Specialty Food, Ministry of Agriculture and Rural,

College of Light Industry and Food, Zhongkai University of Agriculture and Engineering, Guangzhou 510225, China

Abstract : This study investigates how glycosylation time of fish collagen peptides affects the quality
and flavor of tilapia surimi. Increased glycosylation altered peptide secondary structure (B-turn and
random coil), while fluorescence intensity and surface hydrophobicity decreased progressively
(p<0.05). Incorporating glycosylated peptides into surimi strengthened protein—protein and protein—
water interactions, improving gel strength, texture, WHC, and rheological properties, and producing
a more homogeneous gel network. The 6 H glycosylated peptides showed the most pronounced
improvements, including higher WHC, greater gel strength, and more stable water distribution.
These peptides also enhanced flavor: decreased unsaturated alcohols reduced fishy odor and lipid
oxidation off-flavors, while enrichment of low-molecular-weight esters imparted a fresher, fruity
aroma. Excessive glycosylation, however, impaired gel performance and flavor. Molecular docking
confirmed hydrogen bonding as a key driving force in complex formation. Overall, moderate
glycosylation markedly improved surimi gel functionality, offering an effective strategy for utilizing

fish collagen peptides.
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Green and efficient extraction of fish oil:
Quality optimization based on a deep
eutectic solvent method

Xiaoguo Ying®!, Chenyang Zhao®!, Bin Zhang® ", Chuandong Fang®, Shanggui Deng?, Lukai Ma®"
a Zhejiang Provincial Key Laboratory of Health Risk Factors for Seafood, Collaborative Innovation Center of
Seafood Deep Processing, College of Food and Pharmacy, Zhejiang Ocean University, Zhoushan 316022, China

b College of Light Industry and Food, Zhongkai University of Agriculture and Engineering/Key Laboratory of Green
Processing and Intelligent Manufacturing of Lingnan Specialty Food, Ministry of Agriculture and Rural
Affairs/Guangdong Provincial Key Laboratory of Lingnan Specialty Food Science and Technology, Guangzhou
510225, China

1 These authors contributed equally to this work and are considered as co-first authors.

* Corresponding authors.

Abstract: The efficient extraction of high-quality fish oil with desirable sensory characteristics
remains challenging owing to the limitations of conventional techniques such as Soxhlet extraction
and enzymatic hydrolysis. In this study, we developed an ultrasound-assisted deep eutectic solvent
method (DESM) for extracting bluefin tuna oil and compared its quality and flavor with oils
extracted using traditional Soxhlet extraction (SEM) and enzymatic hydrolysis (EH) methods.
Through process optimization, the optimal extraction conditions were determined as:ultrasonication
temperature of 60 °C, duration of 60 min, power of 200 W, and a solid-to-liquid ratio of 1:10 (W/W).
Analyses using an electronic nose, electronic tongue, and volatile compound profiling indicated that
the flavor profile of DESM-extracted fish oil was more diverse than that of SEM-extracted oil.
Additionally, DESM-extracted oil contained compounds such as caryophyllene and 2-methyl-1-
undecanol, which imparted a light greasy taste and a distinctive aroma. In contrast, undesirable
odors, including greasy hexanal, strongly greasy 2-hexenal, and bitter almond-like benzaldehyde,
were significantly reduced. However, these results reflect instrumental flavor differences rather than
direct sensory preference. These findings suggest that DESM has potential for further development

as a green fish oil extraction strategy, although additional validation of solvent residue control,
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storage stability, and sensory acceptability is still required.

Keywords: Deep eutectic solvents; Fish oil extraction; Process optimization; Volatile components
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Halogenated Natural Products in Various
Tropical Reef Fish Species

Qiong Wu'?, Catherine Munschy®, Nathalie Bodin*, Walter Vetter?®

1. State Key Lab of Marine Food Processing & Safety Control, National Engineering Research Center of Seafood,

School of Food Science and Technology, Dalian Polytechnic University, Dalian, 116034, China; 2. University of
Hohenheim, Institute of Food Chemistry (170b), Garbenstrale 28, Stuttgart, D-70599, Germany;3.Ifremer, CCEM

Contamination Chimique des Ecosystémes Marins, Nantes, F-44000, France;4. SFA (Seychelles Fishing
Authority), Fishing Port, Victoria, Mahé, Seychelles.

Abstract: More than 8,000 halogenated natural products (HNPs) have been documented, and approximately 10
classes are structurally similar to POPs and are persistent and bioaccumulative; in some marine biota, HNPs can
occur at levels up to two orders of magnitude higher than POPs, leading AMAP to identify them as emerging
contaminants in 2016. This study investigated HNPs in 17 tropical reef fish species from nearshore Seychelles, a
potential HNP hotspot, using ICES-PCBs for comparison. Fish collected between 2014 and 2018 were analyzed for
muscle lipids by accelerated solvent extraction with dichloromethane, followed by purification using gel permeation
chromatography, silica and alumina columns, and two-dimensional HPLC. HNPs (mainly 2'-MeO-BDE 68, 6-MeO-
BDE 47, 2,4,6-TBP, 2,4,6-TBA, Q1, and MHC-1) and ICES-PCBs (PCBs 153, 138, 180, 118, 101, 28, and 52) were
quantified by GC/ECNI-MS. ZHNP concentrations ranged from 9.5 to 1000 ng/g lipid mass (Im), whereas ICES-
PCBs were only 0.2-4.7 ng/g lm, similar to previous reports for Seychelles swordfish and tuna. The much higher
and widely variable XHNP levels indicate the occurrence of HNP hotspots and an inconsistent presence and
distribution of HNP producers. Polybrominated HNPs, especially 2'-MeO-BDE 68, 6-MeO-BDE 47, and 2,4,6-TBP,
dominated the HNP profile; Q1 contributed <10% to XHNPs, and MHC-1 (<LOQ-16 ng/g Im) was within the ICES-
PCB range. Overall, HNPs, mainly MeO-BDEs, were much higher than major POP classes in tropical reef fish from
nearshore Seychelles and may represent a new threat to marine food safety in FAO fishing area 51.5.
Key words: Halogenated natural products (HNPs). Tropical reef fish., MeO-BDEs. Marine food safety
Funding: Natural Science Foundation of China (32402251), Liaoning Provincial Science and Technology Plan Joint
Program (2025-MSLH-047).
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giong.wu@dlpu.edu.cn.
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Improving the Quality of Surimi Powder
Produced by an Innovative Low-
temperature Spray-drying Process Using
Thermal Protectants: A Comparative
Evaluation of Protein Structure and Gel
Properties

Xueting CAO!, Long ZHANG'

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

Abstract: To improve protein structural stability during low-temperature spray drying and enhance
the gel properties of rehydrated surimi gels, this study systematically evaluated the effects of
maltodextrin, sucrose, pregelatinized cassava starch, lecithin, and ATP on the physicochemical
properties of surimi powder and the quality of rehydrated gels. Compared with the control, ATP and
sucrose increased solubility by approximately 41.99% and 36.15%, respectively. They also
increased the absolute zeta potential by approximately 43.95% and 29.07%, respectively, while
reducing surface hydrophobicity by approximately 70.76% and 52.42%, respectively (P < 0.05).
After rehydration and heating, the storage modulus (G’) at 90°C increased by approximately 28%
and 25% in the ATP and sucrose groups, respectively. Water-holding capacity (WHC) increased by
approximately 28.27% and 21.79%, respectively. The proportion of immobilized water increased
by approximately 8.82% and 7.62%, and gel strength increased by approximately 24.80% and
18.63%, respectively (P <0.05). These changes contributed to the formation of a denser gel network,
indicating enhanced intermolecular interactions and interfacial properties of surimi myofibrillar
proteins. XRD, XPS, FTIR, SDS-PAGE, intrinsic fluorescence, and sulthydryl/disulfide bond
analyses showed that the protectants modulated protein conformation, molecular packing, and
surface chemical composition. Combined with microstructural observations, these results indicated
that ATP was the most effective protectant in alleviating protein denaturation and aggregation.
Molecular docking further confirmed the stronger binding affinity of ATP for myosin and actin.

Therefore, ATP showed greater application potential in this system and could serve as a novel
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protectant for improving the quality of low-temperature spray-dried surimi powder.

Keywords: Surimi powder; Low-temperature spray drying; ATP; Protein structure; Gel properties
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Influence of Fermented Feed on the Volatile
Flavor Profile of Procambarus clarkii
(Crawfish) through Alterations in
Nutritional Components and Fatty Acid
Metabolism

Meijiao Gui #, Wanxin Xie ?, Mengli Han ?, Wenzheng Shi ?, Rong Zhu ®, Shaicheng Zhu ",

Xugan Wu ¢

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

c. National Demonstration Centre for Experimental Fisheries Science Education, Shanghai Ocean University,

Shanghai 201306, China;

Abstract: This study investigated quality changes in crayfish (Procambarus clarkii) meat and
hepatopancreas when fed fermented cooked corn (FCM), fermented mixed ingredients (FMI), or
compound feed (CF), focusing on nutritional composition and flavor to evaluate the best farming
methods. Results showed that the FCM diet yielded (21.5%) the highest edible yield (P<0.05). The
CF diet had no advantage in meat crude protein or hepatopancreas coloration. All groups had muscle
tissue EAA/TAA and EAA/NEAA ratios above the standard, indicating sufficient essential amino
acid availability. Fatty acid composition revealed that meat quality significantly surpassed that of
the hepatopancreas. Fermented feeds reduced hepatopancreas bitterness, enhanced meat umami, and
enriched volatile flavors. Thus, FCM is optimal for improving product quality and reducing feed

costs.

Keywords: Freshwater Crayfish (Procambarus clarkii), Nutritional composition, Flavor

Characteristics, Fermented feed
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Interaction Mechanism of Protein Changes and Microbial
Metabolism in Chinese hook snout carp (Opsariichthys bidens) during

Refrigerated Transport Simulating Natural Conditions
Jinzeng Wang', Lin Xu, Xiaoguo Ying'"*, Shanggui Deng’, Jin Yu?, Xudong Weng?, Martina Sartoni*,
Alessandra Guidi?, Jixiang Zhang' **
1. Key Laboratory of Health Risk Factors for Seafood of Zhejiang Province, College of Food Science and Pharmacy,
Zhejiang Ocean University, Zhoushan 316022, China.
2. Longyou Aquaculture Development Center, Agricultural and Rural Bureau of Longyou County, Quzhou 324400,
China
3. Zhejiang Yulaoda Agricultural Technology Co., Ltd., Quzhou 324400, China
4. Department of Veterinary Sciences, University of Pisa, Pisa 56124, Italy
Abstract: Chinese hook snout carp (Opsariichthys bidens) deteriorates readily during postharvest
transport, yet the interplay between muscle protein degradation, volatile flavor formation, and
microbial metabolism under realistic transportation conditions remains poorly understood. This is
the first study to systematically investigate the interaction mechanism of protein changes and
microbial metabolism in Chinese hook snout carp during refrigerated transport simulating natural
conditions at 4 °C, 16 °C, and 32 °C. Elevated temperatures accelerate myofibrillar protein
denaturation. Compared with fresh samples, a-helix content decreases by approximately 8.5% under
32 °C for 24 h, while random coil content increases by 12.3%, accompanied by reduced water-
holding capacity (moisture content declining from 81.64% to 74.92%). Flavor profiles are
dominated by aldehydes at 4 °C, whereas sulfur compounds, indole, and pyridines gradually
accumulate with rising temperature, and severe flavor deterioration occurs within only 12 h at 32 °C.
Low-temperatures enriched psychrotrophic Acinetobacter and Pseudomonas, whereas elevated
temperatures promoted diverse mesophilic spoilage bacteria with enhanced amino acid, lipid, and
carbohydrate metabolism. Transport temperature serves as the primary driver of quality loss, with
storage duration exerting cumulative amplification effects. Our findings provide mechanistic
insights into temperature-dependent quality deterioration that can inform cold-chain optimization

strategies.
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Study on the Regulation of Intestinal Mucosal Barrier
and Intestinal Microbiota in mice by kappa-

Carrageenan in different Matrices

Juanjuan Guo"*, Xuke Shang!, Peilin Chen'

1. College of Oceanology and Food Sciences, Quanzhou Normal University, Quanzhou 362000, China

Abstract:[Objective]Carrageenan (CGN), a sulfated polysaccharide, is widely used as a food additive
due to its excellent properties. However, its safety remains controversial. Previous studies have
reported that there are significant differences in the physicochemical conformation and sulfate group
exposure of k-carrageenan (k-CGN) dissolved in aqueous solutions and casein matrices, but the
impact of this difference on physiological functions and its mechanism have not been well explored.
[Methods]Therefore, in this paper, k-CGN was used as the research object. It was dissolved in
aqueous and casein solutions respectively. The mice were treated with different concentrations of
k-CGN and k-carrageenan/casein (k-carrageenan-casein, k-CC) solutions. Based on the in vivo
animal model, the effects of k-CGN and k-CC on the physiological functions and intestinal mucosal
barrier of k-CGN were explored.[Results]Research has shown that both k-CGN and k-CC can
induce different extents of intestinal barrier damage through disrupting microbiota homeostasis.
Importantly, k-CGN in casein with lower sulfate groups content was found to repair the intestinal
barrier injury induced by an equivalent dose of k-CGN aqueous through increasing the abundance
of Oscillibacter and decreasing Weissella. These alleviating effects were reflected in lower levels of
tumor necrosis factor (TNF)-a and C-reaction protein (CRP), higher levels of interleukin (IL)-10,
raised secretion of mucus and goblet cells, and improved expression of epithelial cell compact
proteins zonula occluden (ZO)-1 and mucin protein 2 (MUC?2). [Conclusion] This study states that
k-CGN in casein has a positive regulatory effect on the intestinal barrier damage compared to in

aqueous solution, which can provide guidance for processing and utilization of CGN.

Key words: carrageenan; casein; intestinal barrier damage; gut microbiota;
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Low-molecular-weight fucoidan alleviates
DSS-induced colitis in mice through
modulation of the NF-kB and MAPK
pathways-related mRNA and protein
expression

Yingying Zhao!, Yan Liu!, Shumin Cai', Nali Zhang', Shuangshuang Wu', Yuxin Shi!, Yichao
Ma'?>3 Shu Liu">?, Yunhai He'>?, Qiukuan Wang'>3 |, Dandan Ren'->*"
1. College of Food Science and Engineering, Dalian Ocean University, Dalian, 116023, China;
2. National R&D Branch Center for Seaweed Processing, Dalian, 116023, China;

3. Key Laboratory of Aquatic Product Processing and Utilization of Liaoning Province, Dalian, 116023, China.

Abstract: Low-molecular-weight fucoidan (LWMF) possesses favorable absorbability and potent anti-inflammatory
activity. This study explored its therapeutic effects and mechanisms in DSS-induced colitis mice. LWMF was
prepared from Kjellmaniella crassifolia fucoidan via hydrochloric acid degradation, purified by Bio-gel column
chromatography, and biochemically characterized. Colitis mice received LWMF at 50 or 100 mg/kg-d by gavage.
Inflammatory cytokines, oxidative stress markers, and intestinal mRNA and protein expression were assessed.
Results showed that hydrochloric acid effectively degraded the polysaccharide, accompanied by a sigificant decrease
in molecular weight. LWMF alleviated body weight loss, reduced the disease activity index (DAI), increased colon
length, and enriched gut microbiota. Both doses downregulated pro-inflammatory cytokines (IL-6, IL-13, TNF-a,
NLRP3) and MDA content, upregulated anti-inflammatory cytokine (IL-10) and antioxidant enzymes (CAT, SOD,
GSH-Px), and improved mRNA and protein expression via the NF-kxB and MAPK pathways. LWMF alleviates
colitis through antioxidative, anti-inflammatory effects and targeted modulation of the NF-kB/MAPK pathway, with

the high dose showing superior efficacy, supporting its potential as a natural therapeutic candidate against colitis.
Key words: Low-molecular-weight fucoidan; Degradation; Colitis
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Maternal n-3 PUFA availability modifies
gestational cadmium toxicity across the
maternal-placental—fetal axis
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Abstract:

Maternal nutrition may modify vulnerability to environmental toxicants, but whether maternal n-3
polyunsaturated fatty acid (PUFA) levels influence cadmium (Cd)-induced developmental toxicity
remains unclear. Here, maternal, placental, and fetal responses to acute gestational Cd exposure
were investigated using mouse models combining graded maternal n-3 PUFA diets with mid-
gestational n-3 PUFA repletion. Maternal n-3 PUFA deficiency aggravated Cd-induced hepatic and
renal injury, fetal loss, and fetal growth restriction. These adverse outcomes were accompanied by
impaired placental development and barrier-related characteristics, increased Cd concentrations in
fetal tissues, and disrupted fatty acid profiles in the placenta, fetal liver, and fetal brain. Molecular
analyses further revealed alterations in inflammatory, metabolic, and developmental pathways
across maternal, placental, and fetal tissues. Importantly, mid-gestational n-3 PUFA
supplementation from GD7 to GD18 partially reversed these alterations by attenuating maternal
injury, reducing fetal loss and fetal Cd burden, improving placental structure and fetal growth, and
increasing DHA proportions in placental and fetal tissues. Together, these findings identify maternal
n-3 PUFA levels as a modifiable nutritional determinant of susceptibility to gestational Cd toxicity
and highlight mid-gestational n-3 PUFA repletion as a potential nutritional strategy for protecting

the maternal-placental—fetal axis against environmental toxicant-induced injury.
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Metabolite composition and taste quality of
Eriocheir sinensis under different steaming
methods

Renyue ZHANG!?2, Derui CHEN'2, Fengyi QIAO'?, Guanli LI"?, Guangyao ZHANG'?, 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

Abstract :[Objective] To investigate the effects of cold-water steaming with increasing temperature
(CD) and boiling-water steaming at constant temperature (BC) on the taste quality and metabolite
composition of Eriocheir sinensis, and to elucidate the metabolic and enzymatic mechanisms
underlying the tissue-specific formation of umami during steaming; [Methods] The taste
characteristics of muscle and ovary tissues subjected to CI and BC steaming were evaluated using
sensory evaluation and electronic tongue analysis. Widely targeted metabolomics combined with
KEGG pathway analysis was used to characterize metabolic differences, followed by targeted
quantification of free amino acids (FAAs) and flavor nucleotides. Taste activity values (TAVs) and
equivalent umami concentration (EUC) values were calculated to evaluate the contributions of taste-
active compounds. In addition, AMP degradation was investigated under different temperatures and
pH conditions to clarify the roles of adenosine monophosphate deaminase (AMPD) and 5'-
nucleotidase in nucleotide transformation; [Results] Sensory evaluation and electronic tongue
analysis indicated that CI group enhanced ovaries umami, whereas BC group increased muscle
umami (p < 0.05). Widely targeted metabolomics showed impacts on amino acid and energy
metabolism. CI group significantly increased total amount of free amino acids and nucleotides.
Enzyme activity experiments confirmed that cold water with increasing temperature augmented
adenosine monophosphate deaminase activity (maximal: 30°C, pH 6.0) and 5'-inosine
monophosphate levels (p < 0.05). Equivalent umami concentration value analysis showed that CI
group amplified ovaries umami (increased by 4.19 g MSG/100 g) by increasing nucleotides content,

while BC group mainly intensified muscle umami (0.34 g MSG/100 g) through increasing glutamic
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acid levels; [Conclusion]. The two steaming methods enhanced umami through tissue-specific
metabolic mechanisms. BC steaming mainly enhanced muscle umami through the accumulation of
glutamic acid, whereas CI steaming promoted ovarian umami primarily by facilitating AMPD-
mediated nucleotide conversion and IMP accumulation. Considering its greater enhancement of
taste-active compounds and overall taste quality, CI steaming is recommended as a preferred

steaming method for E. sinensis.

Keywords: Eriocheir sinensis; Steaming methods; Umami; Widely targeted metabolomics; Energy

metabolism; Adenosine monophosphate deaminase (AMPD); 5’-Nucleotidase (5’-ND)
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Moderate reactive oxygen species enhance
antimicrobial activity and quality
preservation of oyster meat by ozone micro-
nano bubble water
Shichen Zhu®*, Rongrong Mu?, Shulai Liu®, Yuting Ding®®, Yanbo Wang®, Xuxia Zhou®"

2 Key Laboratory of Green, Low-carbon and Efficient Development of Marine Fishery Resources, National R&D
Branch Center for Pelagic Aquatic Products Processing (Hangzhou), College of Food Science and Technology,

Zhejiang University of Technology, Hangzhou 310014, Zhejiang, China
b Food Science Research Institute of Zhangzhou, Zhangzhou 363000, Fujian, China
°Beijing Technology & Business University, Beijing 100048, China
*Corresponding author

Abstract: The inherent instability and strong oxidation of ozone limit its application in preserving delicate
seafood. In this study, ozone micro-nano bubble (Os-MNB) water was employed to enhance ozone stability and
regulate reactive oxygen species (ROS) formation. The results suggested that the ozone micro-nano water had great
ozone stability, evidenced by the reduced size (52.04%~74.55%), increased absolute zeta potential (5.54%~13.31%)
and prolonged half-lives (11.2%~108.2%). Notably, the Os-M-W I group achieved sustained antimicrobial activity
by moderate ROS formation with the limited oxidative damages. However, the rapid decay of excessive ROS in Os-
M-W III undermined the antimicrobial performance and increased oxidative risks. The Os-M-W I group decreased
relative abundance of Shewanella putrefaciens by triggering the leakage of intracellular contents and disruption of
membrane integrity. This work aimed to provide some inspirations for development of a high-efficiency quality
maintenance strategy for seafood by controllable ROS formation.

Keywords: Ozone micro-nano bubbles, Reactive oxygen species (ROS), Antimicrobial mechanisms, Oxidation,

Oyster meat
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Modification of shrimp tropomyosin
properties for improved functional
performance: TGase modification and
polyphenol-beta-glucan modification

Shigi Liu', Ru Meng!, Kexin Jiang!, Yinuo Bai', Zhenxing Li%, Lingyi Liu®, Jin Wang*, Lianliang
Liu'*
1. School of Food Science and Engineering, Ningbo University , Ningbo, 315832, Zhejiang; 2. College of Food
Science and Engineering, Ocean University of China, Qingdao, 266000,Shandong; 3. Department of Food Science
and Technology, University of Nebraska, Lincoln, NE 68583, USA; 4. Southeast university, Schcool of public

health, Nanjing, 210009, Jiangsu

Abstract :This study elucidated the structural and functional modulations of shrimp tropomyosin
(TM) by transglutaminase (TGase), B-glucan and polyphenols (syringic acid/luteolin) via multi-
spectroscopy and molecular docking. All modifications induced significant conformational changes
in TM (P < 0.01) and enhanced its emulsifying/antioxidant properties with distinct disparities.
TGase-TM had the maximum solubility and surface hydrophobicity (P < 0.01) and elevated
emulsification activity. f-glucan-TM showed the lowest free amino content, highest f-sheet/p-turn
(P < 0.01) and optimal emulsion stability. Polyphenol-TM exhibited the strongest fluorescence
quenching (P < 0.01), with luteolin-TM possessing the highest antioxidant capacity. This work
provides a theoretical basis for the directional modification and industrial application of TM as a
food functional ingredient.

Key words: tropomyosin; chemical modifications; B-glucan; dietary polyphenols; functional
properties

% Bh i H : National Natural Science Foundation of China (32472329), Youth Science and
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Molecular mapping of off-odor in post
harvest golden pompano (7rachinotus
ovatus): From microbial succession to
TAARS/OR2WTI1 receptor recognition

Leyi Shi**, Yanyan Wu**, Huan Xiang®, Di Wang®, Peng Liang!®, Yueqi Wang?>**
1College of Oceanology and Food Science, QuanZhou Normal University, Quanzhou, 362000, China
2Guangxi College and University Key Laboratory Development and High-value Utilization of Buibu Gulf Seafood
Resources, College of Food Engineering, Beibu Gulf University, Qinzhou, Guangxi 535000, China
3Key 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, China

4College of Food Science and Engineering, Ocean University of China, Qingdao 266000, China

Abstract: This study integrated multi-omics and molecular dynamics (MD) simulations to elucidate
the mechanisms of microbial spoilage and targeted off-odor formation in post-harvest golden
pompano(Trachinotus ovatus). Microbiome and metabolome analyses revealed that Pseudomonas
and Shewanella act as the dominant specific spoilage organisms, driving severe amino acid
degradation and polyunsaturated fatty acid oxidation. This metabolic succession leads to a
substantial accumulation of characteristic odor-causing volatiles, including trimethylamine (TMA),
hexanal, 2,4-heptadienal, and 1-octen-3-o0l, with TBARS levels surging to 42.47 nmol/g after 48 h
of storage. At the perception level, MD simulations unveiled that TMA stably binds the TAARS
receptor via electrostatic and hydrogen-bond networks. Concurrently, OR2W1 exhibits
differentiated binding for lipid oxidation products: hydrophobic interactions with hexanal, structural
matching with 2,4-heptadienal, and induced conformational rearrangements by 1-octen-3-ol.
Bridging microbial succession to olfactory receptor dynamics, this cross-scale study provides a

theoretical basis for developing precise off-odor suppression strategies in aquatic products.

Key words: Golden pompano; Volatile compounds; Core spoilage bacteria; Metabolomics; Olfactory receptors
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Nanoparticles prepared from different plant
protein isolates using alkali-heat synergistic
pH-shifting method to stabilize Antarctic
krill oil-loaded high internal phase
emulsions

Yiru Zhou', Guangyi Kan?
College of Food Science & Technology, Shanghai Ocean University, Shanghai 201306, China

Abstract

Using an alkali-heat (pH 12.0, 80 °C) synergistic pH-shifting technique, nanoparticles were prepared from
five plant protein isolates: soybean, faba bean, mung bean, pea, and potato. The method can unfold and partially
hydrolyzes proteins and drives self-assembly into nanoparticles. The treatment decreased the content of B-sheet (e.g.,
SPI: from 46.22% to 32.85%, average reduction of ~12%) and raised the content of a-helix and B-turn structures,
resulting in the unfolding of the protein and a significant rise in surface hydrophobicity. The majority of proteins
formed relatively small nanoparticles (e.g., POINP: 9.0 + 2.5 nm), but pea protein produced relatively large
aggregates (18.9+ 7.0 nm and 70.4 £ 7.1 nm). Soybean and faba bean protein nanoparticles produced the most stable
AKO-loaded high internal phase emulsions (HIPEs) with bimodal droplet-size distribution, high absolute zeta
potential (>30 mV), and low interfacial tension (<15 mN/m). These HIPEs were characterized by strong shear-
thinning, solid-like gel characteristics, and stable solid-like gel behavior during 25-90 °C thermal sweeps, while
severe heating at 121 °C caused droplet growth, indicating moderate thermal stability. The emulsions also inhibited
lipid oxidation, with SPINP- and MPINP-stabilized HIPEs exhibiting the lowest PVmax (40.63—46.25 meqg/kg oil)
and MDAmax (53.80-58.77 nmol/mL oil), while PPINP-HIPEs showed the weakest oxidative protection (PVmax
=54.81, MDAmax = 72.27). Moreover, in vitro digestion indicated that the emulsions increased the release of free
fatty acids (50.98-67.12%) and astaxanthin bioaccessibility (34.35-42.20%) relative to mixed-oil (16.19% and
11.08%, respectively). This work first compares five plant proteins, revealing an interfacial-architecture-associated
trade-off between oxidative stability and bioaccessibility to guide nanoparticle selection for lipid delivery.

[Objective] To prepare nanoparticles from five plant protein isolates—soybean, faba bean, mung bean, pea,

and potato—using an alkali-heat (pH 12.0, 80 °C) synergistic pH-shifting technique, and to compare their structures,
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interfacial behavior, and performance in stabilizing high internal phase emulsions (HIPEs), thereby revealing the
trade-off between oxidative stability and bioaccessibility for guiding nanoparticle selection in lipid delivery.

[Methods] The alkali-heat synergistic pH-shifting treatment unfolded and partially hydrolyzed the proteins
and drove their self-assembly into nanoparticles. The resulting nanoparticles were characterized for B-sheet, a-helix,
and B-turn contents, surface hydrophobicity, and particle size. AKO-loaded HIPEs stabilized by these nanoparticles
were then prepared. The emulsions were evaluated for droplet-size distribution, zeta potential, interfacial tension,
rheological properties, thermal stability during 25-90 °C thermal sweeps and after severe heating at 121 °C, lipid
oxidation (PVmax and MDAmax), and in vitro digestion behavior, including free fatty acid release and astaxanthin
bioaccessibility relative to mixed oil.

[Results] The treatment decreased B-sheet content (e.g., SPI: from 46.22% to 32.85%, average reduction of
~12%) and increased a-helix and B-turn contents, resulting in protein unfolding and a significant rise in surface
hydrophobicity. Most proteins formed relatively small nanoparticles (e.g., POINP: 9.0 &+ 2.5 nm), but pea protein
produced relatively large aggregates (18.9 + 7.0 nm and 70.4 + 7.1 nm). Soybean and faba bean protein nanoparticles
produced the most stable AKO-loaded HIPEs, with bimodal droplet-size distribution, high absolute zeta potential
(>30 mV), and low interfacial tension (<15 mN/m). These HIPEs showed strong shear-thinning, solid-like gel
characteristics, and stable solid-like gel behavior during 25-90 °C thermal sweeps, while severe heating at 121 °C
caused droplet growth, indicating moderate thermal stability. The emulsions also inhibited lipid oxidation, with
SPINP- and MPINP-stabilized HIPEs exhibiting the lowest PVmax (40.63—46.25 meq/kg oil) and MDAmax (53.80-
58.77 nmol/mL oil), whereas PPINP HIPEs showed the weakest oxidative protection (PVmax = 54.81, MDAmax =
72.27). Moreover, in vitro digestion indicated that the emulsions increased free fatty acid release (50.98—-67.12%)
and astaxanthin bioaccessibility (34.35-42.20%) relative to mixed oil (16.19% and 11.08%, respectively).

[Conclusion] This work first compares five plant proteins, revealing an interfacial-architecture-associated
trade-off between oxidative stability and bioaccessibility to guide nanoparticle selection for lipid delivery.

Key words: Plant protein isolate; Alkaline-heat treatment; Nanoparticle; Antarctic krill oil; High internal phase
emulsion

AHFFEAFEN T B K E AR TR (2023YFD2401503) 13 /K7 it i i 4k in 1 5 01 FH B0
HIBN CEERFERYD . LN HAAER LS — /P SRR ARSI E iR
K Mgy @EE THE: 5, Wt #d%, WA amE R kST, K
P I L e A 15692165510; xewang@shou.edu.cn.

83


https://baike.baidu.com/item/%E6%B0%B4%E4%BA%A7%E5%93%81%E5%8A%A0%E5%B7%A5%E5%8F%8A%E8%B4%AE%E8%97%8F%E5%B7%A5%E7%A8%8B/178838?fromModule=lemma_inlink
https://baike.baidu.com/item/%E6%B0%B4%E4%BA%A7%E5%93%81%E5%8A%A0%E5%B7%A5%E5%8F%8A%E8%B4%AE%E8%97%8F%E5%B7%A5%E7%A8%8B/178838?fromModule=lemma_inlink
mailto:xcwang@shou.edu.cn

Nutritional and Flavor Profile Differences
Among Three Venerid Clam Species: A
Multi-Dimensional Quality Approach

Weilin Zheng!, Binbin Li?, Lin Wang?, Nan Pan*®, Dengyuan Liao®, Bei Chen**, Kun Qiao*”,
Yongchang Su®, Yihui Chen', Zhiyu Liu**, Shuji Liu®*

(1.College of Food Science, Fujian Agriculture and Forestry University, Fuzhou 350002, China; 2. College of
Chemical Engineering, Huaqiao University, Xiamen 361021, China; 3. Jinshan College of Fujian Agriculture and
Forestry University, Fuzhou 350002; 4. National Research and Development Center for Marine Fish Processing
(Xiamen) / Key Laboratory of Cultivation and High-value Utilization of Marine Organisms in Fujian Province,

Xiamen 361013, China; 5.Fisheries Research Institute of Fujian, Xiamen 361013, China
Abstract: To systematically elucidate the differential nutritional and flavor profiles of manila clam (Ruditapes
philippinarum), hard clam (Meretrix meretrix) and undulate venus clam (Paphia undulata), basic nutritional
components, inorganic ions, amino acids, fatty acids and non-volatile taste-active compounds were determined in
this study. Combined with bionic sensory technologies including electronic tongue and electronic nose, as well as
headspace solid-phase microextraction coupled with gas chromatography-mass spectrometry (HS-SPME-GC-MS),
comparative evaluations were performed from multiple dimensions involving nutrition, taste and aroma. The results
revealed that no significant differences were observed in moisture content among the three clams, with crude protein
contents ranging from 10.82% to 12.18%. The crude lipid content of P. undulata reached 1.55%, and its
polyunsaturated fatty acid level was significantly higher than those of R. philippinarum and M. meretrix (P<0.05).
The taurine content in R. philippinarum was 2.39 times and 1.61 times that of M. meretrix and P. undulata,
respectively. A total of 16 amino acids were detected in all three clams. The proportion of essential amino acids in
total amino acids varied from 34.87% to 39.72%, and the ratios of essential amino acids to non-essential amino acids
exceeded 60% for all samples. Sulfur-containing amino acids were identified as the primary limiting amino acids
for all species. The taste activity values (TAVs) of inorganic ions (Na*, K*, PO+*", CI") and free amino acids including
glutamic acid, glycine, arginine and alanine were all greater than 1. R. philippinarum possessed the highest
proportion of umami amino acids in total free amino acids, reaching 60.93%. Analysis of taste-active nucleotides
indicated that adenosine monophosphate (AMP) was the dominant taste-active nucleotide in M. meretrix, with a
concentration of (65.36 = 1.81) mg/100 g, whereas inosine monophosphate (IMP) dominated in R. philippinarum
and P. undulata. R. philippinarum exhibited the highest equivalent umami concentration (EUC) of 88.96 mg
MSG/100 g. Electronic tongue measurements verified similar overall taste profiles among the three clams. Principal
component analysis based on electronic nose data demonstrated that the aroma characteristics of R. philippinarum
were clearly distinguished from those of M. meretrix and P. undulata. In total, 67 volatile compounds were identified
via volatile flavor analysis, among which alcohols constituted the predominant category for all samples. Odor
activity value (OAV) analysis confirmed that 1-octen-3-ol acted as the common characteristic fishy odor compound
in the three clams. Trans-2,4-decadienal presented an OAV of 623.23, serving as the marker aroma component
discriminating R. philippinarum from the other two clam species. In conclusion, this study clarified interspecific

differences in nutritional composition and flavor properties of the three Veneridae shellfish from multi-dimensional
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perspectives of nutrition, taste and aroma. The findings can provide theoretical support for differentiated intensive
processing and dietary nutrition development of shellfish resources.
Keywords : Ruditapes philippinarum; Meretrix meretrix; Paphia undulata; nutritional components; taste

characteristics; volatile flavor compounds

Fundings: Fujian Province Special Fund Project for Promoting High-quality Development of Marine and Fishery
Industry (FJHYF-L-2025-30; FJHY-YYKJ-2024-1-3; FJHYF-L-2023-13)
Correspondence: Liu Zhiyu, 13906008638@163.com; Liu Shuji, cute506636@163.com
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Omics insights into the mechanisms of
flavor changes in Eriocheir sinensis under
different restraint methods during live
transportation

Fengyi Qiao™®, Yi Wu®®, Renyue Zhang®, Wenqing Zhai *®, Siqi Zhou *®, Derui Chen *®,
Xichang Wang®®, Long Zhang®"*
a College of Food Science and Technology, Shanghai Ocean University, Shanghai 201306, China

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

Abstract: [Objective]: Eriocheir sinensis frequently experiences stress from inappropriate restraint
during live transportation, impairing animal welfare and edible quality. [Methods]: This study
employed flavoromics and metabolomics to investigate the mechanisms linking physiological
metabolism with edible quality changes in deteriorated tissues of E. sinensis under different restraint
methods. [Results]: The hepatopancreas was identified as the key tissue of deterioration. The degree
of deterioration ranked as follows: net-bag binding (NB) group > plastic-box binding (PB) group >
cotton-rope binding (RB) group. Oxidative stress reduced the antioxidant capacity of
hepatopancreas, accelerated polyunsaturated fatty acids oxidation, and increased energy
consumption. Relevant energy metabolites, as flavor compounds or precursors, largely determine
the flavor quality of the hepatopancreas. Compared with Con, 7 key bitter differential oxylipins
(KBOPs) were upregulated in the NB, whereas only 1 KBOP was upregulated in the RB and PB.
Differential energy metabolites and oxylipins primarily involved glutathione metabolism,
ferroptosis, alcoholic liver disease, arachidonic acid metabolism, and linoleic acid metabolism.
Molecular docking suggested that KBOPs contribute to bitterness and may increase cardiovascular
risk. [Conclusion]: This study clarifies the metabolism-quality link, supporting the development of

aquatic live-keeping technologies.

Key words: Eriocheir sinensis; Flavor quality; Energy metabolism; Oxylipins; Bitter; Transportation
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Phosphorylation dynamics of myofibrillar
and sarcoplasmic proteins associated with
quality changes in large yellow croaker
(Larimichthys crocea) during early cold
storage

Chuhan Bian!, Jing Xie!:>3456*
1 College of Food Science and Technology, Shanghai Ocean University, Shanghai 201306, China
2 Key Laboratory of Aquatic Products High Quality Utilization, Storage and Transportation (Co-construction by
Ministry and Province), Ministry of Agriculture and Rural Affairs
3 National Experimental Teaching Demonstration Center for Food Science and Engineering Shanghai Ocean
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Abstract: [Objective] To investigate the changes in myofibrillar protein (MP) and sarcoplasmic
protein (SP) phosphorylation in large yellow croaker (Larimichthys crocea) during refrigerated
storage and their associations with energy metabolism, quality, and protein structure. [Methods]
Large yellow croaker was stored at 4 °C for 5 days. Protein phosphorylation, ATP, glycogen, lactic
acid, pH, color, texture, myofibrillar fragmentation index (MFI), carbonyl content, and Ca?**-ATPase
activity were determined. Correlation analysis was performed to evaluate the associations between
phosphorylation and quality-related parameters. [Results] MP phosphorylation peaked on day 1 and
subsequently declined, whereas SP phosphorylation showed relatively stable fluctuations. ATP
briefly increased before declining, while glycogen was gradually depleted and lactic acid fluctuated.
pH and lightness decreased, whereas texture parameters increased during rigor mortis and

subsequently declined. MFI and carbonyl content increased, while Ca?*-ATPase activity decreased.
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MP phosphorylation was closely associated with texture and protein oxidation, whereas SP
phosphorylation was strongly correlated with glycolytic metabolites and color. [Conclusion] MP
and SP phosphorylation showed distinct dynamics during refrigeration and were associated with
changes in energy metabolism, muscle quality, and protein structure, providing a basis for
understanding phosphorylation-related quality changes in refrigerated large yellow croaker.

Key words: Protein posttranslational modifications; Protein phosphorylation; Meat quality; Myofibrillar
protein; Sarcoplasmic protein.
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Postmortem Quality Changes in Grass
Carp during Chilled Storage: Dynamic
Association with the Lysosomal-
Mitochondrial Apoptotic Pathway

Wang Lishi, Yu, Dawei, Jiang, Qixing, Xia Wenshui
(State Key Laboratory of Food Science and Resources, School of Food Science and Technology, Jiangnan

University, Wuxi, Jiangsu, 214122, China)

Abstract: [Objective]: During postmortem chilled storage of grass carp, the intracellular metabolic environment
and organelle functions undergo continuous changes, accompanied by protein degradation and muscle softening.
However, the dynamic relationship between lysosomal and mitochondrial responses remains unclear. [Methods]:
In this study, changes in the physiological environment, lysosomal membrane stability, mitochondrial function,
apoptosis-related signaling, and muscle quality were systematically investigated during chilled storage. [Results]:
The results showed that lysosomal membrane stability decreased significantly during the early stage of storage, while
muscle pH reached its lowest level at 4 h. After 6 h, lysosomal reactive oxygen species (ROS) increased significantly,
accompanied by the release of cathepsins B, D, and L into the sarcoplasm. During 0-24 h of storage, mitochondrial
ROS continuously accumulated, mitochondrial permeability transition pore (MPTP) opening increased, and
mitochondrial membrane potential decreased. Meanwhile, mitochondrial cytochrome ¢ (Cyt-c) content decreased,
whereas cytosolic Cyt-c increased, accompanied by increased caspase-3 activity. With prolonged storage, the
myofibril fragmentation index and drip loss increased, while water-holding capacity and shear force decreased.
[Conclusion]: These results indicate that lysosomal and mitochondrial functional changes exhibit pronounced
time-dependent patterns and show dynamic associations during key stages of chilled storage, suggesting that they
may jointly contribute to postmortem muscle protein degradation and flesh softening in grass carp.

Key words: Grass carp; Cold storage; Lysosome; Mitochondria; Meat quality
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Preparation and Characterization of
Shikonin-Incorporated Gelatin Films with
Antibacterial and Antioxidant Activities
and Their Application in Beef Preservation

Ruiying Ran, Haipeng Wu, Shiwei Bao,Mei Yang, Guoping Wu, Chan Zhong
College of Food Science and Engineering, Jiangxi Agricultural University, Nanchang 330045, Jiangxi, China

Abstract: Beefis highly susceptible to spoilage during cold storage due to microbial proliferation and lipid oxidation,
which severely limits its shelf life. In this study, shikonin-incorporated gelatin composite films were fabricated,
characterized, and their potential as active coatings for chilled beef preservation was evaluated. Shikonin
incorporation significantly enhanced the antibacterial activity of the gelatin films against three Listeria strains
(Listeria monocytogenes ATCC 19115, Listeria ivanovii ATCC 1919, and Listeria seeligeri ATCC 35967). The
bacterial count reductions were 0.87, 1.50, and 1.38 logio CFU/mL at 4°C, and 0.88, 1.35, and 1.22 logio CFU/mL
at 25°C, respectively. Meanwhile, shikonin greatly improved the antioxidant capacity of the films. The DPPH
scavenging activity increased from 12.68% and 13.23% to 73.34% and 74.33% at 4°C and 25°C, respectively, while
the ABTS scavenging rate increased from 9.27% and 9.89% to 88.03% and 88.18% at 4°C and 25°C, respectively.
In the beef cold storage preservation experiment, the untreated beef exhibited noticeable quality deterioration on day
5. By comparison, beef samples coated with the composite films maintained favorable freshness on day 7, with the
pH value, total volatile basic nitrogen content, and total viable count recorded as 5.84, 122.5 mg/kg, and 3.38 logio
CFU/g, respectively, all of which met the requirements of Chinese national food safety standards. In addition, the
sustained release of active shikonin from the composite coating effectively reduced the thiobarbituric acid value and
inhibited lipid oxidation in beef. These findings demonstrate that the synergistic antibacterial and antioxidant
activities of shikonin endow the gelatin composite coatings with excellent preservation performance, which can
effectively prolong the shelf life of chilled beef to at least 7 days, providing a feasible and promising strategy for
maintaining the freshness and food safety of chilled beef during cold storage.

Key words: Shikonin; Gelatin composite film; Antibacterial and antioxidant activity; Beef preservation; Listeria
monocytogenes
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Preparation, Characterization, and pH-
Responsive Intestinal
Release Properties of Gel Beads
Encapsulating Sea Cucumber
Mouthpart Peptides
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Abstract :Sea cucumber mouthpart peptides (SCPs) are marine bioactive peptides with considerable
application potential. However, their oral delivery remains challenging because of their poor
stability and low intestinal bioavailability. To develop a delivery system for SCPs with gastric
protection and pH-responsive intestinal sustained-release properties, double-layer gel beads (SCP-
BMs) were fabricated through ionic gelation, with SCPs as the core material and sodium alginate
(SA) and chitosan (CS) as the wall materials. The preparation conditions of the gel beads were
optimized using single-factor experiments and response surface methodology (RSM). The
optimized gel beads were then characterized for their morphology, thermal stability, in vitro
gastrointestinal release behavior, and antioxidant activity. The results showed that the optimal
preparation conditions were 1.67% (w/v) sodium alginate, 0.96% (w/v) chitosan, and 2.16% (w/v)
CaCl2. Under the optimized conditions, the encapsulation efficiency (EE) reached 94.33%,
significantly higher than that of the single-layer gel beads (SCP-SMs, 58.61%). Structural
characterization showed that SCP-BMs exhibited a more compact structure than SCP-SMs, along
with improved thermal stability. In vitro release and antioxidant assays demonstrated that SCP-BMs
exhibited better gastric protection, pH-responsive intestinal release, and higher 2,2-diphenyl-1-

picrylhydrazyl (DPPH) and 2,2'-azino-bis-3-ethylbenzothiazoline-6-sulphonic acid (ABTS) radical
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scavenging activity compared with SCP-SMs. This study demonstrated that the SA/CS double-layer
wall material system effectively improved the encapsulation efficiency, structural stability, and
intestinal release behavior of SCP gel beads. These findings provide a feasible strategy for the
development of SCP delivery systems and offer a theoretical basis for the high-value utilization of

sea cucumber byproducts.

Key words : sea cucumber mouthpart peptides; gel beads; structural characterization; sustained-

release performance; antioxidant activity
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Preservative efficacy of slightly
acidicelectrolyzed water on refrigerated
large yellow croaker: Insights into quality
deterioration, flavor migration, and shelf-
life extension

Shuji Liu', Binbin Li'**, Weilin Zheng'*, Shuo Shan®*, Xiaoting Chen', Nan Pan', Xiangyang
Lin', Yongchang Su!, Tingru Chen!, Chao Zhao®, Yihui Chen*", Zhiyu Liu'*
1. Fisheries Research Institute of Fujian Province, National Research and Development Center for Marine Fish
Processing (Xiamen) / Key Laboratory of Cultivation and High-value Utilization of Marine Organisms in Fujian
Province, Xiamen 361013, China; 2. College of Chemical Engineering, Huaqiao University, Xiamen 361021, China;
3. College of Food Science, Fujian Agriculture and Forestry University, Fuzhou 350002, China; 4. College of Marine

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

Abstract: This study aimed to elucidate the preservation efficacy and underlying mechanisms of
slightly acidic electrolyzed water (SAEW) on refrigerated large yellow croaker (Larimichthys
crocea). With distilled water as the control (CK), compared the effects of SAEW on sensory quality,
microbial counts, physicochemical, freshness indicators, textural, moisture distribution, and flavor
profile changes of large yellow croaker during refrigerated storage. The results demonstrated that
SAEW reduced the initial total viable count by 1.09 1g (CFU/g), significantly suppressed its upward
trend, and delayed the time point of exceeding the safety limit by 3 days. On the 12th day of storage,
the total volatile basic nitrogen content in the CK group exceeded the limit of 30 mg/100 g (reaching
32.43 mg/100 g), while that in the SAEW group remained within the acceptable range (28.29
mg/100 g). Meanwhile, the accumulation of thiobarbituric acid reactive substances and abnormal
pH elevation were also inhibited. Texture Profile Analysis and Low-Field Nuclear Magnetic
Resonance results revealed that SAEW preserved myofibrillar integrity, reduced immobilized-water
loss, and better maintained hardness and chewiness. Electronic-sensory and Gas Chromatography-
Mass Spectrometry detection indicated that SAEW delayed adenosine triphosphate degradation,

retained the umami substance inosine monophosphate, limited the formation of bitter metabolites
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such as hypoxanthine, blocked the production of trimethylamine-related spoilage odorants, and
stabilized characteristic aldehydes and alcohols (nonanal, n-hexanal, and 1-octen-3-ol), thereby
retarding flavor deterioration. Overall, SAEW extended the refrigerated shelf life of large yellow
croaker by approximately 3 days, providing theoretical and technical support for its application in

cold-chain preservation and processing.

Key words: Large yellow croaker; Slightly acidic electrolyzed water; Preservation; Volatile flavor

compounds; Quality changes
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Quality Analysis of Refrigerated Dried
Shrimp (Acetes chinensis) via Physical
Chemistry and Non-Targeted
Metabolomics: Advancing Product
Development
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Abstract: This study investigated quality changes and metabolic profiles of raw-dried Acetes
chinensis during refrigerated storage at 4°C for 60 days, and evaluated the storage stability and
nutritional value of air-fried shrimp during ambient storage at 25°C for 120 days. For raw-dried
shrimp, L" value declined progressively whereas the browning index increased continuously. The
peroxide value (PV) exhibited an upward trend throughout storage, while thiobarbituric acid
reactive substances (TBARS) displayed a biphasic pattern of initial increase followed by decrease.
Total volatile basic nitrogen (TVBN) and total viable count (TVC) accumulated significantly over
time. Non-targeted metabolomic analysis identified 1,903 metabolites. Differential metabolites
were predominantly concentrated in lipid metabolism, particularly glycerophospholipid and
sphingolipid metabolism, as well as nucleotide and amino acid metabolism. For air-fried shrimp,
the L" value decreased and the »" value increased during ambient storage, whereas moisture content
and water activity reached a dynamic equilibrium after an initial minimum. The PV increased
continuously, with a sharp rise observed between 90 d and 120 d. The TVC showed a steady positive
correlation with storage time. Nutritional profiling indicated that the air-fried product contained

high protein (56.99 g/100 g), low fat (4.67 g/100 g), and remarkably elevated calcium (2287 mg/100
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g). These findings provided a theoretical foundation for optimizing refrigerated storage protocols
for raw-dried shrimp and offered practical guidance for the industrial development of air-fried
shrimp products.

Keywords: Acetes chinensis; Raw-dried shrimp; Refrigerated storage; Air frying; Non-targeted

metabolomics; Lipid oxidation
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Rapid Analytical and Quantitative
Evaluation of Formaldehyde in Squid Based
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Abstract: A rapid and quantitative method was developed for the determination of formaldehyde in
squid using Tri-step infrared spectroscopy combined with partial least squares (PLS) regression.
Squid samples treated with different concentrations of formaldehyde were analyzed by Fourier
transform infrared spectroscopy (FT-IR), second-derivative infrared spectroscopy (SD-IR), and
two-dimensional correlation infrared spectroscopy (2DCOS-IR), while high-performance liquid
chromatography (HPLC) was used as the reference method. Formaldehyde treatment induced
concentration-dependent spectral variations, particularly in protein- and glycogen-related
absorption bands, and spectral curve-fitting further indicated the transformation of f-sheet structures
into a-helix and B-turn conformations. A significant linear relationship was observed between
formaldehyde concentrations in squid and soaking solutions (R? = 0.9838). The PLS prediction
model showed good quantitative performance, with R? of 0.9787 and RMSEC of 5.51 for the
calibration set, and R? of 0.9774 and RMSEP of 6.08 for the validation set. The method achieved a
detection limit of 15 mg/kg and reduced the analysis time to approximately 5 min per sample. These
results demonstrate that Tri-step infrared spectroscopy combined with PLS provides a rapid and

effective approach for screening and quantitative determination of formaldehyde in squid.

Key words: Squid; Formaldehyde; Tri-step infrared spectroscopy; Partial least squares; Rapid

detection
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Abstract: [Objective] To screen a keratin repair peptide from pufferfish skin and evaluate its effects
on damaged human hair and the possible molecular basis. [Methods] Keratin repair peptides (KRPs)
were prepared from pufferfish skin by enzymatic hydrolysis, ultrafiltration, gel filtration, and RP-
HPLC. Repair-active fractions were screened by infrared spectroscopic imaging, and LGGF (LG4)
was identified by LC-MS/MS. Its effects were evaluated by amino acid analysis, infrared
spectroscopic imaging, differential scanning calorimetry, scanning electron microscopy, and
molecular docking. [Results] LG4 treatment increased total amino acid content by 9.97 g/100 g,
including increases of 1.24 g/100 g in cysteine and 2.35 g/100 g in total hydrophobic amino acids.
Protein distribution increased by 18%-20%, and the relative helical content of a-helical keratin
increased from 83.57% to 97.01%. Molecular docking predicted a binding affinity of -7.8 kcal/mol,
with five hydrophobic interactions and one hydrogen bond between LG4 and hair keratin. The
distributions of cystine-related products and lipids shifted toward those of normal hair, and cuticle
scale arrangement was improved. [Conclusion] LG4 improved compositional and structural

indicators of damaged hair. The findings suggest that its effects may involve interactions with o-
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keratin together with changes in cystine-related products, lipid distribution, and cuticle organization,

providing a basis for high-value utilization of pufferfish skin in hair-care ingredients.
Key words: Keratin repair peptide; Pufferfish skin; Damaged human hair; Infrared spectroscopic
imaging; Molecular docking
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Abstract : Seafood is an essential component of the global diet and economy, with diverse species
and products contributing to the nutrition and well-being of populations worldwide. This paper
provides a comprehensive review of key aspects related to seafood, including processing,
preservation, nutrition, marketing, and policy. The processing of seafood involves traditional
techniques such as frozen and ultracold, and some new techniques such as high pressure, plasma,
pasteurization, which are crucial for maintaining product quality and extending shelf life.
Furthermore, the nutritional value of seafood, rich in proteins, omega-3 fatty acids, vitamins, and
minerals, is discussed in detail, highlighting the health benefits associated with seafood
consumption. The marketing of seafood products involves strategies for promoting and distributing
these products to consumers, addressing consumer preferences, trends, and sustainability concerns.
Finally, the paper explores the policy aspects related to seafood, including food safety standards,
and sustainability initiatives, emphasizing the importance of policy frameworks in ensuring the
responsible management of seafood resources.

Key words: seafood ;preservation; nutrition; marketing
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Abstract: As a green non-thermal technology, plasma-activated water (PAW) generates reactive
oxygen and nitrogen species (RONS) through plasma-liquid interactions and thereby affects the
oxidation, conformation, and functionality of aquatic myofibrillar proteins (MPs). To investigate the
regulatory effects of PAW on yellow croaker MPs, the original extraction buffer was replaced with
plasma-activated buffer of different activation times, and the oxidation, conformation, and
functional changes of MPs during chilled storage were evaluated. The results indicate that moderate
PAW treatment induces mild oxidation and modulates protein conformation. PAW-30 s showed a
lower bromophenol blue binding capacity (31.55 = 0.95 pg), indicating limited intermolecular
interactions and moderate aggregation that partially masked hydrophobic groups and improved
structural stability. As the treatment time was extended to 60 s and 120 s, PAW further promoted the
oxidation of thiol groups, altered surface hydrophobicity and intrinsic ffuorescence characteristics,
and enhanced the conformational rearrangement and intermolecular cross-linking of MP. SDS-
PAGE results showed that the effects of PAW were primarily concentrated on the myosin heavy
chain (MHC), as shown by MHC band weakening and increased high-molecular-weight aggregates,
without obvious low-molecular-weight degradation. Molecular docking analysis further indicated
that representative reactive oxygen species in PAW, H20: and Os can bind to speciffc regions on the
MHC surface, thereby inducing local microenvironmental disturbances and oxidative modifications.
Overall, PAW regulated yellow croaker MPs mainly through mild oxidation-induced conformational

rearrangement and intermolecular cross-linking rather than extensive chain cleavage, with moderate
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activation being more favorable for maintaining MP structural stability and functional properties.
Key words: Plasma-activated water; Larimichthys crocea; Myoftbrillar protein; Oxidative

modification; Secondary structure
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Abstract: Freeze—thaw cycles can cause severe deterioration in the structural integrity and quality of
shrimp gel. This study investigated the synergistic cryoprotective effects of carboxymethylated
propylene glycol alginate (CM-PGA) and carboxymethylated artemisia sphaerocephala krasch gum
(CM-ASK) under a setting—freezing—cooking system. Different CM-PGA/CM-ASK ratios were
incorporated into shrimp gel, and gel properties, water migration, protein secondary structure,
chemical interactions, microstructure, and oxidative stability were systematically evaluated during
five freeze—thaw cycles. The 1:1 CM-PGA/CM-ASK composite exhibited the strongest protective
effect, maintaining higher gel strength, a greater proportion of ordered protein secondary structures,
and a denser and more homogeneous gel network. After five freeze—thaw cycles, the increase in drip
loss was limited to 10.16%, compared with 15.14% in the untreated control. The superior
cryoprotective performance was associated with the structural complementarity between CM-PGA
and CM-ASK, which enhanced molecular entanglement, hydrogen bonding, and electrostatic
interactions, thereby restricting water migration, stabilizing the protein network, and alleviating
freeze—thaw-induced oxidative and structural damage. These findings demonstrate that the 1:1 CM-
PGA/CM-ASK composite can effectively improve the freeze—thaw stability of shrimp gel and
highlight its potential as a natural polysaccharide-based cryoprotectant for aquatic gel products.

Key words: shrimp gel; freeze—thaw cycles; carboxymethylated propylene glycol alginate;

carboxymethylated artemisia sphaerocephala krasch gum ; cryoprotection
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Abstract: This study investigated the synergistic effects of Na*/K* ratios on the structural evolution
and heat-induced gelation of myofibrillar proteins (MPs) from golden pompano (7rachinotus ovatus)
under a constant ionic strength of 0.6 mol/L. Results indicated that substituting NaCl with 0.4 mol/L
KCl optimally promoted protein solubility, surface hydrophobicity, and total thiol exposure.
Furthermore, this specific ionic environment induced a favorable conformational rearrangement,
characterized by the transition of a-helices to B-sheets. Consequently, the MPs maintained excellent
colloidal dispersion, evidenced by a reduced volume-average particle size and a high absolute (-
potential. Rheological and microstructural analyses revealed that this optimal ion ratio yielded a gel
with a maximized storage modulus (G') and a highly uniform, densely cross-linked three-
dimensional network. Low-field nuclear magnetic resonance (LF-NMR) confirmed that this

continuous structural matrix strongly restricted water mobility, shifting the T, relaxation time and
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increasing the proportion of immobilized water to 13.11%. Conversely, excessive KCl substitution
(0.5-0.6 mol/L) triggered severe irreversible aggregation, decreasing protein solubility and resulting
in a coarse, loose gel network with poor water-holding capacity. In conclusion, tailoring the Na*/K*
binary ionic composition effectively modulates the specific ion effects on protein hydration and
intermolecular forces, providing a promising biomolecular strategy for optimizing the textural

properties of low-sodium aquatic protein gels.

Key words: Myofibrillar proteins; Heat-induced gel; Low-sodium; Water migration; KCI

substitution
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Abstract:

Aquatic products are highly valued for their rich nutrient content and unique flavors. However, they
are particularly vulnerable to microbial contamination during transportation and storage, which can
lead to spoilage. Fucoidan (F) exhibited a broad spectrum of biological activities. Nevertheless,
research on its application as an antifreeze agent remains limited. In this study, low molecular weight
fucoidan (WIF) was prepared through irradiation degradation using fucoidan as the starting material.
The relative molecular weights of WIF obtained via 50 kGy y-ray irradiation ranged from 4.97x10°
to 3.25x10* Da. The molecular weight and functional groups were determined, and it was found that
irradiation degradation method could reduce the molecular weight of fucoidan and change the
original chemical composition, Following irradiation, the protein content decreased from 0.94% +
0.02% to 0.24% =+ 0.04%, whereas the reducing sugar content increased from 0.69% + 0.01% to

6.25% =+ 0.36%. Results indicated that soaking treatments with various concentrations of WIF
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solution exhibited excellent cryoprotective properties and water-holding capacity (WHC) in frozen
Pacific white shrimp (Litopenaeus vannamei). Notably, after 180 days of frozen storage, the group
treated with 15 g/L WIF maintained a myofibrillar protein Ca*>*-ATPase activity of 0.0338 U/mgprot
and a total sulfhydryl content of 30.06 pmol/gprot, both of which were significantly higher than
those of the other groups (P < 0.05). Furthermore, at day 180, the surface hydrophobicity of the 15
g/L WIF group was 61.35ug/mgprot, significantly lower than that of the control groups (P < 0.05).
These findings demonstrate that WIF effectively inhibits the decline of Ca?*-ATPase activity, the
oxidation of sulthydryl groups, protein carbonylation, the exposure of hydrophobic residues, and
the accumulation of malondialdehyde (MDA). In conclusion, compared with fucoidan F with
large molecular weight, WIF with lower molecular weight showed better antifreeze and water
retention ability under the same concentration condition. The antifreeze and water retention effect

of WIF on frozen Litopenaeus vannamei was positively correlated with its addition amount.

Keywords: low molecular weight fucoidan; Litopenaeus vannamei, frozen storage; freshness

preservation
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Ultrasonication during acid-heat fibrillation
tailors soy protein isolate architecture for
high internal phase emulsion gels: Linking
fibril structure to astaxanthin stability and

bioaccessibility

Guangyao Zhang®®, Renyue Zhang®, Guanli Li*®, Guangyi Kan®®, Yang Li*®, Long Zhang®®,
Mingyu Yin®®, Xichang Wang®"*
2 College of Food Science and Technology, Shanghai Ocean University, Shanghai 201306, China

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

Abstract

This study investigated the effects of ultrasound-assisted acid-heat (UAH) treatment on the
fibrillation behavior and structural evolution of soy protein isolate (SPI), and further examined how
fibril architecture influences the structural and functional properties of high internal phase emulsion
gels (HIPEGs) and the stability and gastrointestinal bioaccessibility of encapsulated astaxanthin.
Compared with conventional acid-heat (CAH) treatment, UAH generated well-developed SPI fibrils
with structural characteristics comparable to those obtained after 12 h of CAH treatment within only
1-1.5 h. Moderate ultrasonication promoted protein unfolding, B-sheet-rich fibrillar assembly, and
fibril elongation, indicating that ultrasonication regulated protein self-assembly during acid—heat
fibrillation, whereas excessive ultrasonication induced aggregation and disrupted fibrillar
organization. HIPEGs stabilized by well-developed SPI fibrils exhibited improved emulsifying
properties, water-holding capacity, viscoelasticity, and microstructural stability compared with
those prepared using granular SPI or less-developed fibrils. Notably, UAH-1 h produced fibrils and
HIPEGs with structural and rheological characteristics comparable to those of the CAH-12 h group.
When applied to astaxanthin-loaded HIPEGs, fibrillar SPI provided higher astaxanthin loading and
better retention during heating, while also preserving higher proportions of 9-cis- and 13-cis-

astaxanthin than granular SPI and oil controls. Furthermore, fibril-stabilized HIPEGs promoted
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astaxanthin transfer into the intestinal aqueous/micellar fraction and exhibited higher
gastrointestinal bioaccessibility, with the effects depending on fibril architecture. These findings
demonstrate that controlling SPI fibril architecture through ultrasound-assisted acid—heat treatment
provides a structural basis for designing HIPEGs with enhanced colloidal functionality and

improved protection and gastrointestinal bioaccessibility of astaxanthin.

Keywords: Soy protein isolate; Protein fibrillation; Ultrasound-assisted acid—heat treatment; High

internal phase emulsion gels; Astaxanthin
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Ultrasound-assisted phosphate soaking
improves the quality of frozen shrimp:
Insights into gel properties and proteomic
profiling

Yu Liu!, Tengyang Guo', Jia Cai', Zhaoging Zhang', Naiyong Xiao!, Zefu Wang', Shuai Wei',

Yantao Yin"!, Shucheng Liu"*!

College of Food Science and Technology, Guangdong Ocean University, Guangdong Provincial Key Laboratory of Aquatic
Product Processing and Safety, Guangdong Provincial Engineering Laboratory for Marine Biological Products, Guangdong

Provincial Engineering Technology Research Center of Seafood, Zhanjiang 524088, China.

Abstract: Frozen storage often causes quality deterioration of Litopenaeus vannamei. Phosphate
soaking can improve the quality of frozen shrimp; however traditional soaking has problems with
long time and uneven. Ultrasound is a green non thermal processing technology. Nevertheless, the
effect of ultrasound assisted phosphate soaking on the quality of shrimp has not been thoroughly
studied. In this study, shrimp samples were subjected to conventional phosphate soaking (2 h) or
ultrasound-assisted phosphate soaking at 100, 200, or 300 W for 1 h, followed by frozen storage at
-18 °C for 30 days. The results showed that, compared to traditional soaking, ultrasound-assisted
soaking remarkedly improved the gel quality of shrimp, especially at 300 W. Specifically,
ultrasound-assisted soaking significantly reduced cooking loss, increased water-holding capacity,
and improved hardness, chewiness, and resilience compared with conventional soaking (p < 0.05).
Low-field nuclear magnetic resonance revealed a marked increase in immobilized water and a
decrease in free water in the 300 W group (p < 0.05), while scanning electron microscopy showed
a more uniform and denser gel microstructure. Proteomic analysis revealed that ultrasound-assisted
soaking upregulated myosin light chain and deubiquitinating enzymes (ubiquitinyl hydrolase 1),
downregulated aminopeptidases, and increased the levels of heat shock protein 70 and superoxide
dismutase.Ultrasound-assisted phosphate soaking effectively improved the gel quality of frozen

Litopenaeus vannamei by modulating proteolytic pathways and enhancing protein network
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formation. This study provides technical support for the application of ultrasound in the high-quality

processing of shrimp.

Key words: White leg shrimp; Surimi gels; Frozen storage; Ultrasound; Phosphate

BREH:

BEEVE(1989—), 5, T4, BIFER, W77 RDONEEE R ROREE 5N . E-mail:
yantaoyin@gdou.edu.cn;

XHR(1979—), 5, W, Bz, BT AR REE SN T . E-mail:

Lsc771017@163.com

BRI E: AUPARAE) REELSH AT (HY%S: 2025B1111140001). | ZRiEEK
B KRR E (WH%S: S202610566023) LUK 448 RBHS T 1E R B 2h 3%

HEITR (BH%S: 060302042315) [F%H).

114


mailto:Lsc771017@163.com

Unveiling the hidden benefits of integrated
multi-trophic aquaculture (IMTA) in
estuarine ecosystems: Beyond growth

performance to nutritional enhancement

Yongyi Chen "% *# Minjing Yang "> 3#, | Oscar Monroig #, Douglas R. Tocher !, Harold Corke °,
Mhd Ikhwanuddin >3 % Hongyu Ma %3 * Ye Yuan ! %3 *

! Guangdong Provincial Key Laboratory of Marine Biotechnology, Shantou University, Shantou 515063, China

2 International Joint Research Center for the Development and Utilization of Important Mariculture Varieties

Surrounding the South China Sea Region, Shantou University, Shantou 515063, China

3 STU-UMT Joint Shellfish Research Laboratory, Shantou University, Shantou 515063, China

4 Instituto de Acuicultura de Torre de la Sal (IATS), CSIC, Castellon, Spain

3 Biotechnology and Food Engineering Program, Guangdong Technion-Israel Institute of Technology, Shantou

515063, Guangdong, China

% Higher Institute Centre of Excellence (HICoE), Institute of Tropical Aquaculture and Fisheries, Universiti

Malaysia Terengganu, 21030 Kuala Nerus, Terengganu, Malaysia

Abstract: Estuarine ecosystems are characterized by high nutrient availability and diverse ecological niches,
creating favorable conditions for integrated multi-trophic aquaculture (IMTA) systems that may simultaneously
improve aquaculture environmental quality and product nutritional value. In this study, we established an IMTA
system consisting of mud crab (Scylla paramamosain), Pacific white shrimp (Litopenaeus vannamei), oyster
(Crassostrea ariakensis), and the macroalga (Gracilaria tenuistipitata). We compared it with a conventional
polyculture system containing only crab, shrimp, and oyster. We evaluated water-quality dynamics, growth
performance, and the nutritional composition of the cultured species. Compared with the control, the IMTA system
reduced total nitrogen by 28.40% and total phosphorus by 49.58%. During the later culture period, the weight of
shrimp and mud crab were significantly higher in the IMTA group (P < 0.05), whereas did not differ significantly
between the two systems (P > 0.05). MTA also improved amino-acid nutritional quality, with the essential amino

acid index (EAAI) increasing from 43.28 to 55.60 in shrimp hepatopancreas, from 40.40 to 58.05 in mud crab
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hepatopancreas, and from 51.04 to 60.14 in mud crab muscle. In oysters, the EAAI changed only slightly, from 39.25
to 39.91. Fatty-acid profiles were also altered: DHA increased significantly in most tissues except shrimp muscle,
EPA increased in mud crab and oyster, and oyster n-3 PUFA content increased from 25.53 to 31.74 mg/g. In
conclusion, these results indicate that IMTA can reduce nutrient accumulation in estuarine aquaculture ponds while
improving the amino acid and fatty acid nutritional quality of cultured products, supporting the coordinated

optimization of aquaculture environmental quality and aquatic food nutritional value.

Key words: Integrated multi-trophic aquaculture (IMTA); Estuarine ecosystems; Growth performance; Amino
acids; Fatty acids; Water quality
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Valorization of Eriocheir sinensis Processing
By-Products into ACE Inhibitory Peptides:
Mechanisms and Application Potential
Yi Wu?, Fengyi Qiao®, Zehui Qiu?, Yuyao Shi**, Xichang Wang®"
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China;
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China.

Abstract: [Objectives]: The aim of this study was to isolate and identify novel angiotensin-converting enzyme (ACE)
inhibitory peptides from the processing by-products of Chinese mitten crab (Eriocheir sinensis), and to
systematically evaluate their in vitro bioactivity, so as to provide a scientific basis for the high-value utilization of
aquatic processing waste; [Methods]: Proteins extracted from crab by-products were hydrolyzed using pepsin under
optimized conditions. The resulting hydrolysate was subsequently separated by ultrafiltration and further purified
via gel chromatography. The peptide sequences were identified using liquid chromatography tandem mass
spectrometry (LC-MS/MS), and their ACE inhibitory activities were assessed in vitro; [Results]: The pepsin
hydrolysate exhibited significant ACE inhibitory activity. Four novel peptides were identified with sequences
ANMFDRQY, VPIGPPF, DVPSFKDL, and VAGPPGMP. These peptides demonstrated high ACE inhibitory
capabilities in vitro, with low ICso values, indicating strong potential for blood pressure regulation; [Conclusion]:
The results confirm that the by-products of Chinese mitten crab are a promising source of bioactive peptides with
notable antihypertensive effects. This study not only contributes to the recycling and valorization of seafood
processing wastes but also provides a theoretical foundation for the development of functional foods or natural ACE

inhibitory peptides derived from sustainable aquatic resources.

Keywords: Eriocheir sinensis; utilization of by-products; ACE inhibitory activity peptides; molecular mechanism

117



Funding project: Agriculture Research System of Shanghai, China (Grant NO.202504)

Corresponding author: Xichang Wang (Wang Xichang), male, Ph.D., Professor, research direction: Food Nutrition

Flavor Analysis and Quality Evaluation Control, E-mail:xcwang@shou.edu.cn

118



V Ry S e BRI P RN B
B2 ot R AU 5 S R R R o R

XUPH 1, &) 1, ENNeF 1, x|k 1*
JURIGFEER B MBERT, TARE YL, 524000

WE: D AR RE TR B RO KOR R, SRR E A VR A (A% O R}, B A2

H

IR i
FEAIN TR BB SO . BERGREEA R . BRVR R R ) 2 2 A £ 0 BE ) it B0 ST B T 55 2R 1 32 T R R
Kz, A BRSR S RIERARZ AR —ThRE, LGRSO 5 AR, S po™ il &S5 AE . XUk
B TERIRER . JEb @B T b e I BARE, v Rk & —Fh BA SR e /K 2 JiE 45 1 B ik
TR, HRBULIAR S5/ TEARMIhEE . AT S A2 JE i BRI FIN B, BRI V B TER o i BE BRI i
JOF PP O AL AT o o B O R AR I IR BT o I 5 T S IR IS R 50 R 5 MR A I e £ [ 4
NV BISER LE K L BE] o A K DM AR R FR SR A T AT 1 B KR SRR S

KB VNS SR TUARE AR

119



2-F% Z BN A & BR R BT R PEA R
% 5RESETIATERX T

m Y, AR, AN, IO, SRR L, IgUR S, T L BT, BOUK

1.4

A 'Y

LR RS MR, BRAHE S BRI A E E s, VL0 0 4 5 b P A GF o
Loty 214122
VPO E SO R SRR R B 117546
SHNIE B SR GRBEFL L LRI 215123

SHEFRHECA R AR IR E S 266700

W 2-K LI (2-PE) R FEAIRNAS 501, IR R S R AR A
XTFLRE (LAB) 1R FIE I A3 BIRAL, (B AR A 3 & BR B 1R E R AR . A
WEFRAERIUIR 8 R G F 5% 1 2-PE XARWER & BRI 135 AOMREERRE RN, JF B ROk HAR
I A 3 A AROE (0 SR P AT R AT BB . SRR 2-PE R EREA G R VE =R
FRAEIA AT R I BRACUIAN R, ELX AR 48] 267 BR 1 1 RTINS HEAA I
FRIHAE. Fm R KA B R A e H IRAR Bl sk, 2-PE ik 1 LR B 9K 3l R % v i
BRTTENEY) (WR LR CREE 2- K Ol WA G . Xz AR LH] N &
i, 2-PE HACEEEM AT WP e, BTS2 A RIRR AT (10 e i 52 1 55 B R AL, A
W TS5 RH 2-PE AT 5E N — FHER KNS 5705, SR ALy — R b £ PEAQ R Y
7, AT g B ) 22 R 2 1) ety RUBR RIS 11 1 i 42

KR 2 KW BERERL ARWIEIETERE AR B R

FHIIH . EXBARHFEEE4(31801575) TLARIAAON (R PlLE AR R (JATS
[2023] 464) [ F K SZR KM= E A& R (CARS-45)
WIRAER: w59, R, BIBESUR, R RS R OREE. KRN, H

1: 18206188719, E-mail: g peil988@163.com

120



2-Phenylethanol triggers species-selective
metabolic reprogramming

in Staphylococcus xylosus: A comparative

paradigm to lactobacilli in fermented fish

Pei Gao ', Shida Bao !, Qixing Jiang !, Shuhan Yang ', Xiaojing Zhang ', Shaoquan Liu >?,
Peipei Yu !, Fang Yang ', Wenshui Xia '

1. School of Food Science and Technology, State Key Laboratory of Food Science and Resources, Collaborative

Innovation Center of Food Safety and Quality Control in Jiangsu Province, Jiangnan University, Wuxi, 214122,

Jiangsu; 2.Department of Food Science and Technology, National University of Singapore, Singapore 117546,

Singapore; 3. National University of Singapore (Suzhou) Research Institute, Suzhou, 215123, Jiangsu; 4. SoHao

Fd-Tech Co., QingDao, 266700, ShanDong

Abstract: 2-Phenylethanol (2-PE) is a quorum-sensing molecule that regulates microbial metabolism
in fermented foods. While its effects on lactic acid bacteria (LAB) have been recently characterized,
its regulatory role in Staphylococcus xylosus remains unknown. This study investigated the
concentration-dependent effects of 2-PE on S. xylosus 135 in a simulated sour fish system and,
importantly, compared its metabolic response patterns with those previously reported
for Lactiplantibacillus pentosus. Unlike LAB, where 2-PE primarily modulated amino acid
metabolism via the reductive TCA cycle, S. xylosus exhibited a dominant oxidative stress
response characterized by ascorbic acid depletion, methionine sulfoxide accumulation, and
upregulated glutathione metabolism. Furthermore, 2-PE triggered the biosynthesis of aromatic
compounds (e.g., 2-phenethyl acetate, 2-phenylacetaldehyde) that are absent in LAB-driven
fermentation. These distinct regulatory mechanisms underscore that the metabolic impact of 2-PE
is species-dependent, governed by the intrinsic stress tolerance and enzymatic repertoire of the
recipient strain. Our findings position 2-PE not merely as a quorum-sensing molecule but as
a species-selective metabolic modulator, offering new avenues for targeted flavor modulation in
fermented fish products.
Key words: 2-Phenylethanol; Quorum sensing; Staphylococcus xylosus; Metabolic response; Sour

fish fermentation
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The Effects of Three Heat Processing Methods on the
Quality of Mackerel (Scomber scombrus) During
Refrigeration
CHEN Shiyuan, LIN Huimin", ZHANG Bin
School of Food Science and Pharmacy, Zhejiang Ocean University, Zhoushan 316022, China

Abstract:Mackerel is a low-cost and economically valuable fish that is rich in
polyunsaturated fatty acids and heme. During processing and storage, it is prone to lipid
oxidation, resulting in deterioration of the color, texture, and flavor of the fish meat. To

address the issues of rapid deterioration during refrigeration and unstable pre-pre pared
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quality of mackerel, this study compared the effects of three thermal processing
methods—roasting, low-temperature slow cooking, and frying—on the yield, texture,
sensory properties, and quality changes of mackerel during refrigeration. The results
showed that low-temperature slow cooking significantly increased the yield of mackerel;
the hardness of fried mackerel was higher than that of the other two methods. There were
certain differences in the sensory scores of mackerel produced by the three thermal
processing methods, and each method demonstrated its corresponding advantages, which
could meet different sensory preferences and consumption demands. During refrigeration,
the L” values (brightness values) and moisture contents of the three methods showed an
upward trend; the pH values of roasted and low-temperature slow-cooked mackerel
showed a trend of first decreasing and then increasing. The hardness of low-temperature
slow-cooked mackerel followed the same trend as its pH values, while the hardness of
roasted mackerel showed an opposite trend to its pH values. The hardness and pH values

of fried mackerel both decreased during refrigeration.

Key words: mackerel; low value; heat processing technology; refrigeration; quality change;
pre-prepared product
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Evaluation of a virtually screened quorum sensing
inhibitor for Morganella psychrotolerans as a

preservative in yellowfin tuna fillets
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Abstract: Objective: To identify a natural quorum-sensing inhibitor targeting LuxS in Morganella
psychrotolerans and assess preservation of yellowfin tuna. Methods: Seventy food-derived
compounds were screened by molecular docking. The selected compound was validated by
molecular dynamics, growth and AI-2 assays, microscopy, membrane-potential measurement, RT-
gPCR, and refrigerated tuna models. Results: Rosmarinic acid (RA) bound LuxS stably and had an
MIC of 2 mg/mL. At one-quarter MIC (0.5 mg/mL), RA did not alter growth, morphology, or
membrane potential, but reduced 24-h Al-2 activity by 41.68% and [uxS expression by 26%; hdc,
speC, and cysM decreased by 19%, 11%, and 15%, respectively. RA reduced biogenic amines, total
volatile basic nitrogen, total viable counts, and thiobarbituric acid reactive substances in tuna.
Conclusion: At subinhibitory concentrations, RA limits M. psychrotolerans-mediated spoilage
through LuxS/AI-2 interference; higher concentrations add antimicrobial activity. These findings

support its potential as a natural seafood preservative.

Key words: Morganella psychrotolerans; Quorum sensing; Virtual screening; Rosmarinic acid
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Abstract: [Objective] Aquatic products are highly susceptible to microbial spoilage, lipid oxidation,
and flavor deterioration during storage and transportation due to their rich content of unsaturated
fatty acids and proteins, which poses a critical bottleneck constraining quality improvement and
green development of the industry. Aligned with the frontier demand for natural plant-derived
preservatives, this review systematically summarizes the application potential and challenges of
bioactive substances from Michelia xalba in aquatic product preservation. [Methods] The chemical
composition, antibacterial and antioxidant mechanisms, and application progress of Michelia xalba
bioactive substances in aquatic product preservation were systematically reviewed. The integrated
application forms of Michelia*xalba extracts in byproduct utilization, cold-chain preservation, and
active packaging systems were comparatively analyzed, with particular emphasis on the influences
of extract composition, dosage, matrix interactions, and processing conditions on preservation
efficacy in real food systems. [Results] The major active components of Michelia xalba include
terpenes, polyphenols, and alkaloids, which exert their effects by disrupting cell membrane integrity,
interfering with energy metabolism in pathogenic microorganisms, and inhibiting lipid peroxidation
chain reactions through free radical scavenging and metal chelation. These active substances possess
dual antibacterial and antioxidant functions, showing promising potential as alternatives to synthetic
preservatives. However, challenges including insufficient compositional standardization, unclear
flavor interactions, and lack of systematic dose-response validation remain to be addressed.
[Conclusion] Future efforts should focus on key technologies such as synergistic enhancement of
active components, stabilized encapsulation delivery, and intelligent responsive release, following
the industry orientation of "loss reduction, efficiency enhancement, and low-carbon transition," to
facilitate precise application of Michelia*alba-derived preservatives throughout the entire cold
chain and provide scientific support for the green transformation of China's aquatic product

processing industry.

Key words: Michelia xalba; aquatic product preservation; antibacterial activity; antioxidant activity;

green processing; cold-chain quality control
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Preparation and Hypoglycemic Activity of

Polysaccharides from Abalone Viscera
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Abstract: To investigate the hypoglycemic activity and structure-activity relationship of
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polysaccharides from abalone viscera, crude polysaccharides were prepared by enzymatic
hydrolysis of abalone viscera and subsequently purified by ethanol precipitation, deproteinization
using the Sevag method, DEAE-52 ion-exchange chromatography, and Sephadex G-50 gel-filtration
chromatography, yielding a homogeneous polysaccharide fraction designated AVP-bl. Its chemical
composition, molecular weight, monosaccharide composition, antioxidant activity, and
hypoglycemic activity were investigated. The results showed that AVP-bl had a weight-average
molecular weight of 25,663 Da, a total sugar content of 82.55+0.07%, a residual protein content of
only 0.68+0.01%, a sulfate group content of 11.96+0.03%, and a uronic acid content of 16.90
+0.03%, indicating that it is an acidic sulfated polysaccharide rich in sulfate groups and uronic acids.
Galactose was the predominant monosaccharide, followed by glucuronic acid. AVP-b1 exhibited
DPPH radical-scavenging activity (ICs0=3.42 mg/mL) and appreciable a-glucosidase inhibitory
activity (ICso=1.45 mg/mL). Furthermore, its inhibitory activity remained stable over a pH range of
3.0-8.0, and it maintained high inhibitory activity following in vitro gastrointestinal digestion.
Chemical modification experiments showed that a-glucosidase inhibitory activity decreased in the
following order: AVP-b1 > uronic acid-reduced AVP-b1 > desulfated AVP-b1 > uronic acid-reduced
and desulfated AVP-bl. These findings indicate that sulfate groups and uronic acids are key
structural features underlying its hypoglycemic activity. This study provides a theoretical basis for
the high-value utilization of abalone viscera by-products and the development of natural functional

foods with hypoglycemic properties.

Key words: Abalone viscera; Polysaccharide; a-glucosidase; Chemical modification;

Structure-activity relationshipTransglutaminase
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Abstract: To promote the high-value utilization of abalone processing by-products, abalone viscera
were used as the raw material, and xanthine oxidase (XOD) inhibition rate was employed as the
primary evaluation index. Abalone viscera hydrolysates were prepared by enzymatic hydrolysis,
and the hydrolysis process was optimized, followed by evaluation of the biological activities of the
resulting hydrolysates. Five proteases, namely alkaline protease, trypsin, neutral protease,
flavourzyme, and papain, were initially screened. The results showed that the hydrolysate prepared
with neutral protease exhibited the highest XOD inhibition rate of 31.95%. Subsequently, single-
factor experiments were conducted to investigate the effects of enzyme dosage, solid-to-liquid ratio,
hydrolysis time, hydrolysis temperature, and pH, and the hydrolysis conditions were further
optimized using Box—Behnken response surface methodology. The optimal hydrolysis conditions
were determined as follows: neutral protease dosage of 6%, solid-to-liquid ratio of 1:10, hydrolysis
time of 4 h, hydrolysis temperature of 50 °C, and pH 8.0. Under these conditions, verification
experiments showed that the XOD inhibition rate of the abalone viscera hydrolysate reached 42.85
+ 0.25%, which was in good agreement with the value predicted by the model. Bioactivity
evaluation further demonstrated that the hydrolysate exhibited concentration-dependent inhibitory
activity against XOD, with an ICso value of 2.25 mg/mL. In addition, the hydrolysate showed DPPH
radical-scavenging activity and a-glucosidase inhibitory activity, with ICso values of 3.99 mg/mL
and 10.69 mg/mL, respectively. In conclusion, enzymatic hydrolysis of abalone viscera using
neutral protease can produce hydrolysates with favorable XOD inhibitory activity, together with
certain antioxidant and a-glucosidase inhibitory activities. These findings provide a theoretical
reference for the high-value utilization of abalone processing by-products and the development of

marine-derived functional foods.

Keywords: abalone viscera; enzymatic hydrolysis; xanthine oxidase; uric acid-lowering activity
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Abstract: To investigate the hypoglycemic activity and underlying mechanisms of bioactive peptides
derived from abalone viscera, hypoglycemic peptides were sequentially separated and purified from
abalone visceral enzymatic hydrolysate by ethanol precipitation, ultrafiltration, gel filtration
chromatography, and reversed-phase high-performance liquid chromatography. LC-MS/MS
identification, molecular docking, in vitro enzyme inhibition assays, inhibition kinetics, and
molecular dynamics simulations were applied to elucidate their mechanisms of action. The results
showed that the crude peptide fraction exhibited characteristic amide bands and a predominantly -
sheet secondary structure. Peptides with molecular weights below 500 Da accounted for 96.39% of
the fraction. After ultrafiltration, the fraction with molecular weights below 3 kDa showed strong
inhibitory activities against a-glucosidase and dipeptidyl peptidase-1V (DPP-1V), with ICso values
of 5.61 and 2.33 mg/mL, respectively. Two bioactive peptides, GPPGPPG and VGPGLG, were
further identified. In vitro assays showed that the ICso values of GPPGPPG against a-glucosidase
and DPP-IV were 3.79 and 0.14 mg/mL, respectively, whereas those of VGPGLG were 1.84 and
0.06 mg/mL, respectively, indicating superior dual-enzyme inhibitory activity of VGPGLG. Both
peptides could stably bind to the active sites of the target enzymes through hydrogen bonding, van
der Waals forces, and hydrophobic interactions. They exhibited mixed-type inhibition against o-
glucosidase and competitive inhibition against DPP-IV. Molecular dynamics simulations further
demonstrated that VGPGLG formed more stable complexes with both target enzymes. This study
provides a theoretical reference for the high-value utilization of abalone viscera and the

development of natural hypoglycemic functional foods.

Key words: Abalone viscera; Peptides; Separation and purification;a-glucosidase; DPP-1V

135



IR TBIR R B i J3R 5 B 5 o e TR
R L 1 o 5 i R T

TR 13, WOCAL 123, MRigAE 123, IR 123, EEE 123, BREE 123, KECP
123, FREE 123*
1T ZRIGFER R R e, TR, 524088;
2 ) ARIEEH R IR TTE, | AR, 58120;
3 E R SN TR R 4 0L, T RERK N LS 242 S s, | REHE
B TR RO, RN, 524088.)

WE: [ B8 ) KT O R, ERBIRE A e 2K R R AT 4L AL %) o0 12 A 5o M6 Fivh, A
TR & su KRR R e dE. [ 3R] A TG AT TR, KA
PE/PET 5 PE/PA &3, 7-18. 0. 4°C=f It 5% 7t du i 7 R A 4L 325 M2 TVB-N. TBARS,

ERBHER. MER. HHALHRAEUC, #4568 FE. GC-MS. SEM itfh. [£ %] ®
BREASRRSEEFRT, BEARKREE K RAELF; 4°CTF PE/PA & A &, 3% HAK A4
bR AE W H 374, TVB-N £ 9.14 mg/100mL, 2% & F PE/PET & % (2.83 mg/100mL).

S AR ZAAMN ., WHE . FORRY R AR E AR IpH s RS R, <180 04 4°C A
7d 43248 TVB-N # 443, 4.60. 6.85 mg/100mL, TBARS # 0.0120. 0.0201. 0.0186 mg
MDA/kg, ¥4k T3t R S48; LA ELH AMP. IMP /%, EUC & 423 4 15%:;

W T %5 GC-MS 547 R 4 2 28 Kok 46 B £ 2L A7 34 8, 1-FM5-3-B5 . 1-"M-3-B8 4%
BEEIK, BRECRMKIERIA M T, [Z1] @ EMF PE/PET Sk RAHE

MR T AR EFAERGR Ry SR, LALEEMAT (-18°C) S/iHEH3E RF.

R ALWFTOR B S SSR s Bk BT KR

i . BB (2427479384@qq.com), &, FIEWFICAE, BFFOKFS SICE-S L

WIRAEE: AER (zhenghn@gdou.edu.cn), Zr, WA, #d%, BT AR RIES S
HEWH: EFKESATRELT (2024YFD2401805); | HRA BUARA M =M A A 2 UL EE G118

(2024CXTD23); BACLN AR AR (CARS-49)

136



Effects of Packaging Materials, Storage Temperature, and Quality

Improvers on the Storage Quality of Pre-prepared Oyster Products
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Mingtang!*3, CHEN Zhongqin'**, ZHU Gouping'**, ZHENG Huina!?*>"
(1.College of Food Science and Technology, Guangdong Ocean University, Zhanjiang 524088, China;
2.Shenzhen Institute of Guangdong Ocean University, Shenzhen 518108, China;
3.National Research and Development Branch Center for Shellfish Processing (Zhanjiang), Guangdong
Provincial Key Laboratory of Aquatic Products Processing and Safety, Guangdong Provincial Engineering

Technology Research Center of Seafood, Zhanjiang 524088, China.)

Abstract [ Objective 1 This study investigated the effects of packaging materials, storage temperature, and quality
improvers on the storage quality of pre-prepared oyster products. The results support the production of high-quality
pre-prepared aquatic foods. [ Methods] Pre-processed oysters served as the experimental subject. The samples
were packaged in PE/PET and PE/PA materials, stored at —18 °C, 0 °C, and 4 °C, and treated with quality improvers.
Total volatile basic nitrogen (TVBN), thiobarbituric acid reactive substances (TBARS), flavor nucleotides, betaine,
free amino acids, and equivalent umami concentration (EUC) were determined. In addition, the samples were
evaluated by electronic nose, gas chromatography—mass spectrometry (GC-MS), and scanning electron microscopy
(SEM). [Results] Temperature was the main factor affecting quality, and lower temperatures yielded better
preservation. At 4 °C, PE/PA (high oxygen barrier) packaging promoted the growth of spoilage bacteria, giving a
TVBN o0f 9.14 vs. 2.83 mg/100 mL for PE/PET. Quality improvers reduced TVBN and TBARS at all temperatures
through four mechanisms. They retarded AMP/IMP degradation, raised EUC by ~15%, preserved flavor (closer to
fresh by e-nose/GC-MS, with lower 1-octen-3-ol and 1-penten-3-ol), and maintained myofibrillar integrity by SEM.
[ Conclusion] PE/PET packaging combined with quality improver treatment effectively improved the quality of
pre-prepared oyster products, and the best quality retention was observed under frozen conditions (—18 °C).

Keywords oyster; quality improvement; packaging; storage quality; flavor
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Effect of acrolein on the oxidative modification,
conformational alteration, cross-linking aggregation
of golden pompano myofibrillar proteins and TGase-

induced gelation properties
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Abstract : In this study, effects of acrolein on golden pompano myofibrillar protein (MP) were investigated with the
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oxidative modification, structural changes and aggregation behavior being specifically concerned. Results indicated

that acrolein dose-dependently (0.01-10 mM) enhanced carbonyls content and decreased sulfhydryl group content,

which was reflected by the sharply reduced intrinsic fluorescence intensity and the significantly increased

fluorescence intensity relating to Schiff base concentration. Within 0.01-1 mM, acrolein did not significantly result

in MP hydrophobic exposure, solubility decrease and aggregation (P> 0.05). When the concentration reached 5 mM,

acrolein caused severe structural disruption (decreased a-helix, increased B-turn, myosin heavy chain polymerization)
and sharp solubility declines to 7.03—11.85%. In addition, acrolein caused remarkable modification for the TGase

induced gelations of MP. At concentration of 1 mM, a weak gel formed with the lowest drip loss (61.45%). While at

5 mM, the strongest and most uniform gel was obtained with the highest storage modulus and apparent viscosity,

albeit with the highest drip loss (82.44%) due to marked syneresis. When the concentration reach 10 mM, the gel

displayed marked yellowing and heterogeneous microstructure. These findings indicated that acrolein can

significantly affect the fish MP by causing oxidative modifications, altering their structure and intensifying cross-

linking aggregation. Acrolein can also affect the rheological properties and gel characteristics of gels induced by MP.

This study provides a perspective and insights for the changes in proteins induced by lipid oxidation products of
aquatic products and their impact on quality.

Key words: Acrolein; Myofibrillar protein; Protein carbonylation; Transglutaminase; Freeze-thaw gelation
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Effects of Different Processing Forms of Undaria
pinnatifida on the Quality Characteristics of Toast

Bread
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Abstract :To enrich the nutritional composition of bread and promote the high-value utilization of Undaria
pinnatifida in bakery products, this study focused on Undaria pinnatifida toast. The optimal addition levels of key
ingredients, including Undaria pinnatifida slurry, gluten, and yeast, were determined through single-factor
experiments. Furthermore, the quality characteristics and storage stability of toast supplemented with Undaria
pinnatifida slurry, Undaria pinnatifida dry powder, and blank toast were compared. The results showed that the
addition levels of Undaria pinnatifida slurry, water, gluten, and yeast had varying effects on toast quality, with the
Undaria pinnatifida addition level exerting the most significant influence. Moderate addition maintained acceptable
overall quality, whereas excessive addition reduced bread expansion capacity and adversely affected the internal
structure. Different processing forms of Undaria pinnatifida led to distinct effects on toast quality. The slurry group
exhibited superior sensory acceptability and overall flavor, maintaining good comprehensive sensory quality and
demonstrating promising product development potential. On this basis, the storage stability of each group was further
investigated. With prolonged storage time, hardness increased in all groups, while springiness changed relatively
little. The results of moisture variation and structural organization indicated that different processing forms of
Undaria pinnatifida may alter moisture distribution and structural formation in the dough, thereby affecting toast
quality. These findings provide a reference for the rational application of Undaria pinnatifida in flour products and
the selection of processing forms.

Key words: Undaria pinnatifida; toast bread; processing form; quality characteristics; storage properties
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Effects of Different Static Magnetic Field-Assisted
Freezing Stages on Ice Crystal Morphology and

Muscle Quality in Penaeus vannamei (Litopenaeus

vannamei)

Huimin Liu !, Ouyang Zheng', Shucheng Liu', Qinxiu Sun'*
I College of Food Science and Technology, Guangdong Ocean University, Guangdong Provincial Key Laboratory

of Aquatic Product Processing and Safety, Zhanjiang, 524088, China.
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Abstract: This study investigated the effects of applying a 60 mT static magnetic field (MF) to assist freezing during
the pre-cooling stage (4 to 0°C, MF-I), the pre-cooling and phase transition stage (4 to -5°C, MF-II), the throughout
freezing process (4 to -18°C, MF-III), and only during phase transition stage (0 to -5°C, MF-I1V). Compared with the
immersion freezing (IF) group, MF-II reduced the total freezing time by 39.21%, decreased thawing loss, cooking
loss, and centrifugation loss, and increased water-holding capacity by 0.76% (P < 0.05). MF-II did not adversely
affect texture and suppressed the freezing-induced increase in L* value (P < 0.05). LF-NMR and MRI analyses
showed that MF-II restricted water migration and loss. Cryosectio and SEM observations confirmed that the ice
crystals formed by MF-II and MF-IV had smaller and more uniform average pore sizes. In summary, MF-II and MF-
IV effectively regulated ice crystal formation and growth, resulting in fine and uniformly distributed ice crystals.
Since the phase transition stage is difficult to precisely control, MF-II is considered easier to regulate in industrial
applications; it shortens the magnetic field exposure time and improves shrimp muscle quality, offering potential for

energy conservation and emission reduction.

Key words: static magnetic field-assisted freezing; Litopenaeus vannamei; muscle quality; ice crystals

Funding Project: National Natural Science Foundation of China, Young Scientists Program (32302165)
*Corresponding Author: Qinxiu Sun (1986-), Doctor, Associate Professor; Research Focus: Preservation and
Processing of Marine Foods
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Effects of Different Thermal Pretreatments on the
Processing Characteristics, Protein Structure, and
Flavor Properties of Fish Bone Slurry: Correlations

from Tissue Disruption to Flavor Formation

Shuqi Xu'?, Qixing Jiang!?*

(School of Food Science and Technology, Jiangnan University, Wuxi 214122, Jiangsu, China)

Abstract: This study aimed to investigate the effects of thermal pretreatment on the processing
characteristics, protein structure, and flavor properties of fish bone slurry. Untreated fish bones, fish
bones steamed at 100 °C for 20—60 min under atmospheric pressure, and fish bones pressure-

steamed at 120 °C for 10-30 min were compared. The results showed that thermal pretreatment
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significantly reduced particle size, grinding loss, and apparent viscosity, with D50 decreasing from
23690 pum to 99.67 um. Meanwhile, thermal treatment induced protein conformational
rearrangement and enhanced protein oxidation, as evidenced by a red shift in the maximum intrinsic
fluorescence wavelength from 343 nm to 355 nm. With increasing treatment intensity, the total
content of free amino acids generally decreased, while the volatile flavor profile was markedly
altered. Although pressure steaming further improved the size reduction of fish bones, it also
resulted in greater cooking loss and lower protein retention. Overall, thermal pretreatment enhanced
the grindability of fish bones, but optimization should balance processing efficiency, protein

retention, and flavor quality.

Key words: Fish bone; Pretreatment; Pressure steaming; Protein structure; Flavor properties
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Effects of different curing methods on the quality of

dried fillets of Takifugu bimaculatus

LIAO Pingru', CHEN Xiaoting?", LIU Shuji?, PAN Nan?, SU Yongchang?, CHEN Bei?, WANG

Hui'", LIN Hetong', LIU Zhiyu?
(1. College of Food Science, Fujian Agriculture and Forestry University, Fuzhou 350002, China;

2. Key Laboratory of Cultivation and High-value Utilization of Marine Organisms in Fujian Province, Fisheries

Research Institute of Fujian, Xiamen 361013, China)

Abstract: [Objective] The effects of static curing (SC), vacuum tumbling curing (VTC), ultra-high

pressure curing (UHP), and ultrasonic curing (UAC) on the quality of dried Takifugu bimaculatus
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fillets were investigated using Takifugu bimaculatus as the raw material. [Methods] Compare the
color, texture, water state, microstructure, taste characteristics and volatile flavor compounds of fish
fillets under different curing methods, and analyze their quality changes. [Results] The UAC
exhibited the smallest color difference in dried fish fillets, while the VTC showed the largest change.
Both groups could significantly increase the proportion of strongly bound water in fish fillets, inhibit
excessive contraction of muscle fibers, and result in lower hardness. Microstructure observation
revealed that the UAC had better uniformity in muscle fiber arrangement and pore distribution,
followed by the VTC. The UHP group possessed a dense structure, and severe muscle fiber
contraction was observed in the SC. Flavor analysis indicated that the UAC had prominent saltiness,
umami and richness, with the highest chloride content and abundant total volatile flavor substances
as well as characteristic aroma compounds such as n-hexanal, achieving the best comprehensive
sensory score. The VTC and UHP ranked second, and the SC had the lowest score. [Conclusion]
UAC can inhibit oxidative discoloration of dried puffer fish fillets, optimize water distribution and
the microstructure of muscle fibers, accelerate salt penetration, improve product texture and flavor
release, and achieve the best overall quality. This study can provide a certain theoretical basis for

the development of dried puffer fish fillets.

Key words : Takifugu bimaculatus; curing methods; microstructure; flavor substances; sensory quality
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Preparation of saponin extract from Acanthaster

planci and its antitumor activity mechanism

‘Wang Dongxue, Wan Yue, Hu Yagin™
College of Food Science and Engineering, Hainan Tropical Ocean University, Sanya 572022, China
Abstract: [Objective] In order to implement the strategic deployment of "building a diversified food supply system' and
develop new marine aquatic resources, this study utilized the ecologically harmful Acanthaster planci (crown-of-thoms
starfish) as raw material, focusing on the antitumor application of its saponin bioactive components. [Methods] The saponin

extract was prepared by ultrasonic-assisted ethanol extraction combined with column chromatography. The inhibitory effects

153


mailto:yqhu@zju.edu.cn

on proliferation, migration blockade, and apoptosis induction in HepG2 hepatocellular carcinoma cells were systematically
evaluated using MTT assay, DAPI staining, wound healing assay, and flow cytometry. The major components were
identified by high-performance liquid chromatography-mass spectrometry (HPLC-MS), potential targets were predicted
through molecular docking, and the mitochondrial apoptosis mechanism was flrther elucidated by Westem blotting,
[Results] The extract mainly consisted of steroidal saponins, which exhibited significant antiproliferative activity against
HepG2 cells (ICx=0.83pg/mL) and effectively nhibited cell migration. Mechanistic studies revealed that the saponins
upregulated the pro-apoptotic proteins Bax and Bad, disrupted mitochondrial membrane potential, and promoted the release
of cytochrome c (cyt-c). The released cyt-c bound to Apaf-1 and recruited/activated caspase-9, subsequently triggering the
caspase cascade, which arrested the cell cycle at G1 phase and induced earty apoptosis (34.29%). [Conclusion] This study
not only provides a new strategy for the high-value utilization of Acanthaster planci, a typical marine pest, but also lays a
theoretical foundation for the development and application of aquatic food functional factors in tumor intervention,
contributing to the comprehensive utilization of marine resources and high-quality industrial development.

Key words: Acanthaster planci; Saponin extract; Antitumor activity; Mitochondrial apoptosis
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Effect of Ultrasound-assisted Phosphorylation on the
Digestion and Fermentation Characteristics of Fish

Gelatin

CAO Lvlul, FAN Xinxinl, CHEN Jiajingl, ZHAN shengnanl, ZHANG peng2, HUANG
Taol*
(1.College of Food Science and Engineering, Ningbo University, Ningbo 315800, China

2.Shanghai Fumeitai Biotechnology Co., Ltd., Shanghai 200100, China)

Abstract : Fish gelatin (FG) was modified by ultrasound-assisted phosphorylation (UAP) to investigate the effects

of different ultrasonic powers (50, 100, 200 W) and temperatures (50, 60, 70 °C) on the digestion and fermentation
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properties of FG. An in vitro digestion and fermentation model was employed to study the digestive and fermentative
characteristics of FG. The results showed that UAP reduced the digestion rate of FG during gastrointestinal digestion.
Compared with unmodified FG, UAP treatment at 100 W and 60 °C enhanced the antioxidant activity of the digestion
products, offering potential advantages in antioxidant capacity. UAP significantly altered the fermentation properties
of FG, particularly in gas production, pH changes, and short-chain fatty acid (SCFAs) generation. 16S rDNA
sequencing revealed that UAP significantly increased the microbial diversity and probiotic species in the
fermentation broth. In conclusion, UAP can reduce the gastrointestinal digestibility of FG, improve the antioxidant
activity of its digestion products, and enrich the diversity of gut microbiota, providing technical support for the
application of modified fish gelatin in the functional food field.

Key words:  Fish gelatin; Ultrasonic-assisted extraction; Phosphorylation; Digestion and

fermentation; Short-chain fatty acids
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Release—Chelation Effect of Ultrasound Assisted
Citric Acid
Treatment on Heavy Metal Removal Efficiency in

Pyropia haitanensis

Zhenbang Li !, YutongLi', Changhua Xu! %"
1. College of Food Science & Technology, Shanghai Ocean University, Shanghai 201306, PR China; 2. National
R&D Branch Center for Freshwater Aquatic Products Processing Technology (Shanghai), Shanghai 201306,

China; 3. Qinpu Biotechnology Pte Ltd., Suzhou 215200, China; 4. Quanzhou Fugangjia Food Co., Ltd., Jinjiang,
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Quanzhou 362000, China

Abstract: Heavy metal accumulation in Pyropia haitanensis poses a potential food safety risk. In this study, an ultrasound-
assisted citric acid (UACA) treatment was developed to remove Cr; As, Cd, and Pb while evaluating its removal mechanism
and effects on nutritional quality. Single-factor experiments and Box—Behnken response surface methodology were used to
optimize citric acid concentration, sonication time, and ultrasonic power, while FT-IR, subcellular fractionation, and SEM
were employed to investigate the removal mechanism. The optimal treatment conditions were 0.11 mol/L citric acid, 27 min
of sonication, and 270 W ultrasonic power. Under these conditions, the removal rates of Cr, As, Cd, and Pb were 74.7%,
81.2%, 92.0%, and 51.2%, respectively, and their residual concentrations were below the comresponding national limits.
Structural analyses indicated that UACA promoted heavy metal release and complexation through a ‘Release-Chelation”
effect. Although slight losses of protein, polysaccharides, and amino acids occurred after treatment, the overall protein
nutritional quality remained stable. These results demonstrate that UACA can effectively reduce multiple heavy metal

residues in P. haitanensis while largely maintaining its nutritional quality.

Keywords: Pyropia haitanensis; ultrasound-assisted citric acid; heavy metal removal; Release - Chelation; process

i ization
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Effect of ultrasonic-modified hemp seed protein on

the gel properties of Nemipterus virgatus surimi

Qi Hongli, Chen Jingxin, Yi Shumin, Li Xuepeng, Mi Hongbo*
(College of Food Science and Engineering, Bohai University, National & Local Joint Engineering
Research Center of Storage, Processing and Safety Control Technology for Fresh Agricultural
Products, Jinzhou 121013, Liaoning, China)

Abstract: Based on the ultrasonic cavitation effect, this study explored the effects of hemp seed protein modified
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by different ultrasonic powers on its properties and microstructure, and clarified the regulation rules and internal
mechanisms of the modified protein on the gel quality of Nemipterus virgatus surimi. Five ultrasonic powers of 0,
300, 400, 500, and 600 W were used to treat hemp seed protein, and the particle size, solubility, and secondary
structure were measured. The 400 W modified hemp seed protein was added to the Nemipterus virgatus surimi gel,
and the water-holding capacity, whiteness, gel strength, and storage modulus (G') were measured. The gel network
structure was analyzed by SEM. The 400 W ultrasonic treatment reduced the particle size of hemp seed protein to
13.06 nm and increased the solubility to 24.51%. In the surimi gel, after adding the 400 W modified protein, the
water-holding capacity reached 72.65%, the whiteness was 81.30, the gel strength was 2841.71 g-mm, the storage
modulus increased significantly, the secondary structure of the protein changed from a-helix to 3-sheet, and a dense
gel network was formed. The 400 W ultrasonic modification optimized the structure of hemp seed protein and
significantly improved the quality of surimi gel, providing a theoretical basis for product development.

Key words: Surimi; Hemp seed protein; Ultrasonic cavitation effect; Gel properties; Protein structure
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Ultrasound and enzymolysis pretreatment induce pea
protein to form new fibrils for efficient delivery of

astaxanthin

Fengqiujie Wang, Long Zhang, Xichang Wang, Ningping Tao"

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

Abstract: Unlike natural proteins, protein fibrils exhibit superior chemical stability, reactive
functional groups, and delivery properties. However, the application process faces great challenges,
such as slow fibrillation processes and low conversion efficiency. This study investigates the effects
of ultrasound and enzymolysis pretreatment on the conformation and physicochemical properties of
pea protein during the fibrillation process and establishes a novel astaxanthin delivery system. The

results indicate that ultrasound and enzymolysis pretreatment alter the fibrillation process by
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disrupting and reorganizing intermolecular hydrophobic interactions, covalent disulfide bonds, and
di-tyrosine bonds. Ultrasound pretreatment enhanced the flexibility, surface hydrophobicity, and
dispersibility of pea protein. Enzymolysis pretreatment shortened the hydrolysis time of pea protein
and promoted the molecular folding and aggregation of more fibrillar structural units. Furthermore,
the incorporation of astaxanthin into pea protein fibrils resulted in the formation of an amorphous
complex, significantly enhancing the functional properties of astaxanthin. This study provides a
reference for the functional regulation of pea protein fibrils and their application in the encapsulation

of bioactive substances.

Key words: Pea protein fibril; Ultrasound pretreatment; Enzymolysis pretreatment; Fibrillization

mechanism; Bioactive substance delivery
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From Thermal-Processing Product to Nutritionally
Bioactive Metabolite: Mechanism of S-HMF-Mediated

Regulation of Systemic Iron Homeostasis via S-HMFA

Yu Zhang, Zishuo Li, Haohao Wu*

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

Abstract: [Objective] To elucidate the in vivo metabolic fate and molecular mechanism by which 5-hydroxymethyl-
2-furfural (5-HMF), a typical thermal-processing product, regulates systemic iron homeostasis. [Methods]
Pharmacokinetic and tissue-distribution studies were performed in rats with LC-MS/MS quantification,
complemented by Caco-2 intestinal epithelial and HepG2 hepatic cell models, RT-qPCR, Western blotting, dual-
luciferase reporter assays, recombinant PHD3 enzyme kinetics, and molecular docking simulations. [Results] After
oral administration, 5-HMF was rapidly oxidized by gastrointestinal aldehyde dehydrogenases to 5-hydroxymethyl-
2-furoic acid (5-HMFA) before systemic entry, with no detectable formation of the genotoxic metabolite 5-

sulfooxymethylfurfural (SMF). 5-HMFA stabilized HIF-2a in the duodenum, liver, and kidney, upregulating
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duodenal iron-transport genes (Cybrdl, Slclla2, Slc40al, and Heph) and hepatic/renal erythropoietin (Epo)
transcription. At the cellular level, 5-HMFA promoted non-heme iron uptake and transepithelial transport, increased
erythropoietin production under normoxic, hypoxic, and inflammatory conditions, and suppressed inflammation-
induced hepcidin overexpression. Enzymatic and docking analyses revealed that 5-HMFA inhibited PHD3 in a
mixed-type manner (IC50 =2.62 pM). [Conclusion] 5-HMF undergoes presystemic bioactivation to 5-HMFA, which
stabilizes HIF-2a via PHD inhibition and coordinately regulates intestinal iron absorption and
erythropoietin/hepcidin homeostasis, providing a mechanistic basis for improving iron utilization through 5-HMF-

rich foods.

Key words: 5-hydroxymethyl-2-furfural; 5-hydroxymethyl-2-furoic acid; prolyl hydroxylase; hypoxia-inducible
factor-2a; iron homeostasis
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Quality Regulation of Rainbow Trout by
Plasma-Activated Lactic Acid Combined with
High-Concentration CO: Modified Atmosphere
Packaging
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Abstract

Rainbow trout is an economically crucial aquatic product in China, whereas its susceptibility to
microbial spoilage during storage and transportation severely limits industrial exploitation. This
study investigated the effects of plasma-activated lactic acid combined with high-concentration CO-
modified atmosphere packaging on the quality preservation of refrigerated rainbow trout. The
quality-regulating effects of this treatment on rainbow trout were comprehensively evaluated by
determining physicochemical indices (pH, TVC, TBARS, TVB-N), protein degradation (FT-IR),
water distribution (LF-NMR), color and texture, together with high-throughput sequencing, free
amino acid analysis, GC-MS and electronic sensory techniques. The results indicated that the
combined treatment significantly inhibited microbial proliferation, protein deterioration, and lipid
oxidation, extending the shelf life of rainbow trout from 4 days to 14 days. Furthermore, this
treatment effectively stabilized flesh texture, color, and protein structure. A leftward shift in T2
relaxation time was observed after treatment, indicating that the treatment inhibited the conversion
of immobile water to free water. Flavor analysis revealed that the combined treatment suppressed
the accumulation of sulfur-containing off-flavor substances, enriched characteristic aldehydes, and
increased the proportions of umami and sweet amino acids, thereby maintaining the fresh sensory
quality of rainbow trout. In conclusion, the dual bacteriostatic and antioxidant effects of the
treatment efficiently preserve the storage quality of fish products, providing a feasible technical

strategy for the green preservation and quality regulation of perishable aquatic products.

Key words: Rainbow Trout; Plasma-Activated Lactic Acid; Modified Atmosphere Packaging;

Bacterial Community Structure; Quality Attributes
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Study on the Effects of Sous Vide Cooking on Quality
Characteristics of Skipjack Tuna and Changes in

Microbial Community and Flavor during Storage

Wang Lucheng!, Shui Shanshan'®, Zhang Bin'+?
1. College of Food and Pharmacy, Zhejiang Ocean University, Zhoushan, 316022, Zhejiang; 2. Pisa Marine

Graduate School, Zhejiang Ocean University, Zhoushan, 316022, Zhejiang

Abstract: Objective: To investigate the effects of sous vide (SV) cooking on the quality and protein
structure of skipjack tuna, screen the optimal processing condition, analyze the deterioration

mechanism during storage, and establish a shelf-life prediction model. Methods: SV treatments were
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performed at 70 °C for 10, 14, 18 and 22 min, with conventionally cooked and raw samples set as
controls. Physicochemical properties, texture, protein characteristics, water migration and
microstructure were determined. The optimal group was stored at -18 °C, 4 °C and 25 °C,
respectively. A shelf-life model was constructed based on reaction kinetics and the Arrhenius
equation. 16S ribosomal RNA (16S rRNA) sequencing and gas chromatography-ion mobility
spectrometry (GC-IMS) were used to characterize the changes in microbial community and volatile
flavor compounds during storage at 4 °C. Results: Skipjack tuna treated by SV at 70 °C for 14 min
exhibited the best overall quality. Increased storage temperature accelerated quality deterioration.
Succession of microbial community and variation of flavor profiles were observed under 4 °C
storage. Conclusion: SV cooking improves the quality of skipjack tuna by regulating myofibrillar
proteins and water distribution. The established model can be used for shelf-life prediction.
Microbial succession is the primary cause of quality deterioration under refrigerated storage. This

study provides theoretical support for the processing and preservation of skipjack tuna.

Key words: skipjack tuna; sous vide cooking; protein structure; quality; shelf-life model

e WA E X E AKX I H (2021YFD2100504) ; [ K H R 3 4 Wi H
(32301972&U23A20263) ; #iiL4E BHAFETH (LRG25C200001)
SEAEEE: KM (1989—) (ORCID: 0000-0003-1095-7749) , %, EI#d%, H+, W95

Jilal: KPR RN TS0, g 15958081770, E-mail: shuiss@zjou.edu.cn

180


https://kns-cnki-net-s.zjou.edu.cn/kcms2/fund/detail?v=RM9JFOVmTL_K_3qBgqYtuVl_qq7rBG2P3iYwxJPnY9bhYi3UKd-uJowLp5zgqEIroJyiwkVKzAp8PSAQcB7U1kAhrLFq16vc4UBzpng8YfYFNjVm-xHmk3rwdzM32HhoMhUVXwtSHZhww-lgsKKsCbJmTh5E38Qhy8Dc6nNchDhVZ0Xf56Nz4YqltWFogITMWXZAhAO3ZKuyg8kCAJA1Vg==&uniplatform=NZKPT&language=CHS
https://kns-cnki-net-s.zjou.edu.cn/kcms2/fund/detail?v=RM9JFOVmTL_K_3qBgqYtuVl_qq7rBG2P3iYwxJPnY9bhYi3UKd-uJowLp5zgqEIroJyiwkVKzAp8PSAQcB7U1kAhrLFq16vc4UBzpng8YfYFNjVm-xHmk3rwdzM32HhoMhUVXwtSHZhww-lgsKKsCbJmTh5E38Qhy8Dc6nNchDhVZ0Xf56Nz4YqltWFogITMWXZAhAO3ZKuyg8kCAJA1Vg==&uniplatform=NZKPT&language=CHS
https://kns-cnki-net-s.zjou.edu.cn/kcms2/fund/detail?v=RM9JFOVmTL_K_3qBgqYtuTCtAD4EhccVLr-99RM48FiGOVu0sum3cxAAPQHNaNThdUr2wNaUUSvI2sf-DooAjxHfvbu58MMOn2FtjsOMkyfxBXY7mhc0qlgqg78H5DzkGwjlfekJpVzugyIyWnErfOoU0G1d1kx2CbfjUVoabSkfNziw7_Tv13jgn8FAhA1QQG30zMT556oo9S9LeJdophoEN_1UO1RpTL7-hUAfw08=&uniplatform=NZKPT&language=CHS

HL R I REFBORBIT ST R T K

I, VRN, T, LB, BT, B

HE R R 5 TR AR, (IR &, 266100

RE: BIIENE NS OB R B EOR, B et s, Wik RE .. RmSEERRCR, 1*
OREE, AERFATR SRR I i JETHIN TR FRRRERESE T T 2B 2% . Ao AT B A A f sz
ARKEBR: 2B A Se r s i s T . RIS IR R A PR EEHARAE FIRCR B ML AL R T
RIRER: 454 Comsol ¥, 3T AN RSB AR K I 73 AR P 87 ML st £ 28 55K 7™ R 45« R
PERIRCR KAVEL; SRFUA SR I I R EEAE T T A FB I R R 45 S AREEK = B bR & B2 AIA AR /K7™ b
DRAE TSR A A% o

KB B R RS AT

Research Progress and Development in Electric

Field Preservation Technology of Food

Dong Shiyuan, Fan Zekai, Wang Ning, Jiang Xiaoming, Zhao Yuanhui, Xue Changhu

College of Food Science and Engineering, Ocean University of China, Qingdao, 266100, ShanDong

Abstract: As an emerging green and low-carbon non-thermal food processing technology, the electric field exhibits
effects such as promoting heat transfer, regulating ice crystal size, and sterilization, demonstrating numerous
advantages in preservation, maintaining the quality of frozen and thawed products, improving processing efficiency,
and reducing energy consumption. This paper analyzes the current development status of electric field technology
both domestically and internationally; introduces a series of explorations conducted by the team on high-voltage
power supply development for electric fields, electrode application forms, the effects of electric field preservation
technology, and industrial applications; combines Comsol simulations to analyze the electric field distribution
characteristics of different types of electrodes; reveals the effects and mechanisms of electric fields in accelerating
the freezing and thawing of aquatic products such as fish; investigates the preservation effects of different types of
electric fields; develops electric field-assisted freezing and preservation technology for aquatic products; and
prospects the future trends of electric field applications in the field of aquatic product preservation.

Key words: Electric field; Assisted-freezing technology; Preservation; Type of electrodes
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Analysis of flavour precursors and the synergy
between odour and taste in air-dried hairtail using an
integrated strategy combining electronic nose,
electronic tongue, HS-SPME-GC-MS and machine

learning

LUO Yi'?, LIN Huimin"?*, ZHANG Bin'*
1. Food and Pharmacy College, Zhejiang Ocean University, Zhoushan, 316022, Zhejiang; 2. Zhoushan Key
Laboratory of Marine Food Nutrition and Intelligent Processing, Zhoushan, 316022, Zhejiang

Abstract: To analyze the precursor compounds governing flavour formation in air-dried ribbonfish,
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as well as the synergistic interactions between odour and taste, this study adopted electronic nose,
electronic tongue, GC-MS, molecular docking, and machine learning to characterise flavour
compound profiles, the cross-modal synergy of volatile compounds on odour and taste perception,
and flavour precursors, to elucidate the origin of its unique flavour. The results showed that air-dried
ribbonfish had significantly higher levels of minerals contributing to saltiness and umami than fresh
ribbonfish; meanwhile, volatile organic compounds (VOCs), including ketones, alcohols, and
aldehydes, were also present at elevated concentrations. Among these volatiles, 1-octen-3-one, 2-
nonenal, 2,4-decadienal and trans-2,cis-6-nonadienal were identified as key flavour-active
compounds shaping the flavour profile of air-dried ribbonfish. Molecular docking demonstrated that
2,4-decadienal and 2,4-nonadienal could potentiate salty and sweet taste perception. Machine
learning modelling revealed that 13 core flavour compounds originated from the oxidation of
unsaturated fatty acids and the breakdown of the flavour precursor leucine. This work shows that
selected volatile aldehydes in air-dried ribbonfish can directly increase perceived saltiness and
sweetness through olfactory gustatory cross-modal synergy.

Key words: Trichiurus lepturus; HS-SPME-GC-MS; Volatile organic compounds; Molecular

docking; Machine learning
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Effects of clove oil and peppermint oil on the muscle
quality of Procambarus clarkii subjected to water-

based live transportation.

Li Jiayu, Chen Jingxin, Liu Chao, Li Xuepeng, Mi Hongbo"

(College of Food Science and Engineering, Bohai University, National & Local Joint Engineering Research Center
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of Storage, Processing and Safety Control Technology for Fresh Agricultural Products, Jinzhou 121013, Liaoning,

China)

Abstract: To investigate whether the combination of clove oil and peppermint oil can enhance the
keep-alive efficacy of Procambarus clarkii while reducing the dosage, and to reveal its effects on
post-keep-alive muscle quality and the underlying synergistic mechanism, this study was conducted
under conditions of 20 °C and a density of 0.092 g/cm?, with different concentrations of peppermint
oil, clove oil, and their 1:1 compound essential oil added. After 3 days of keep-alive, the
concentrations with higher survival rates were selected for muscle quality determination. The results
showed that the survival rates on day 5 were 52.5%, 75.83%, and 83.33% for 30 pL/L peppermint
oil, 30 pL/L clove oil, and 20 uL/L compound oil, respectively. In the control group, muscle pH,
hardness, water-holding capacity, crude protein, bound water, and immobilized water continuously
decreased, while cooking loss and free water continuously increased; severe myofiber disruption
and off-flavor compounds were observed. Compared with the control group, the 20 uL/L. compound
oil group showed significantly superior quality indicators (P < 0.05), with smaller changes. In
conclusion, adding 20 pL/L compound essential oil can effectively maintain the muscle quality of

Procambarus clarkii, inhibit water migration and nutrient loss, and delay quality deterioration.

Keywords: Procambarus clarkii; Clove oil; Peppermint oil; Live preservation; Survival rate; Muscle

quality
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Effects of Freeze-Thaw Patterns on the Formation of
Heterocyclic Amines and Advanced Glycation End-
Products in Prefabricated Roasted Fish Before and

After Reheating

Xu Zheyuan', Xu Yanshun', Jiang Qixing', Yu Dawei""
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IState Key Laboratory of Food Science and Resource Utilization, School of Food Science,

Jiangnan University, Wuxi, Jiangsu, 214122, China

Abstract: [Objective] This study aimed to clarify the effects of different freeze-thaw (FT) patterns on the formation
of heterocyclic amines (HAs) and advanced glycation end-products (AGEs) in prefabricated roasted fish before and
after reheating. [Methods] Fish roasted at 250 °C to core temperatures of 50 or 80 °C were rapidly frozen at -20 °C
and, during a 96-h circulation period, subjected to 0, 1, or 3 complete FT cycles (thawed at 4 °C) or incomplete FT
(thawing endpoint -4 °C). After reheating, HAs, AGEs, oxidation markers and precursors were determined, and
partial least squares regression (PLSR) was applied. [Results] HAs were predominantly protein-bound (>98%);
bound HAs in the 80 °C group increased to 719.31 ng/g with FT cycles. The reheating-induced AGEs increased by
86% with FT cycles in the 50 °C group but by only 15% in the 80 °C group. PLSR showed that the AGE profile was
largely established during the FT stage (Q? 0.928 to 0.953), whereas HAs were mainly formed during reheating (Q?,
0.748 to 0.85); total sulthydryl, glucose and creatine were key drivers. Incomplete FT reduced both hazards.
[Conclusion] AGEs should be controlled mainly during the FT stage and HAs during reheating; limiting FT cycles

and thawing depth effectively mitigates these hazards.

Key words: prefabricated roasted fish; freeze-thaw; heterocyclic amines; advanced glycation end-products;

reheating

191



IR DL P SE LR R 35 B 4 Ak O S MR R
1= KA P

T, BB, A

A 'Y

Cl. KERFFERY GEEE TRYR, LT KiE 116000; 2. 3 TE MRS R TRy 0, T3 K
B 116000; 3. K& HRF RIS IF RS m EAC R B B i =, 30 KiE 116000)
B ACERI AR D A R R e AR, LUASELO. 1. 7 R 14d AR DU DI,
VSIS SR (HPTS). TG Mg A SRC e DUESEEES, FFLURISIHA AR, ZRERH, ke
JREHFE . JTURAPFHEK ) JRE BRI T SR ;. HPTS 1 TG B pE e e s bR
(P<0.05), HHARHLHE 14 d BHREEEIA 30032 grem, FKI 1A 94.04%, HAEFERHE. SIS
DBV USETAER VN SR ATV G, (HEEF R KM A ERE). SRR e As b
THIER (P<0.05), {HHACARRASERAIEKIT M. 2% F, HPTS/TG Mnlisid i E e st R
s s S (B SR a0 el = A SO A B e sy ESE vt e
SRR G VLR R E A A e

Exogenous Regulation and Mechanisms of Action on
the Fluctuating Characteristics of Frozen Scallop

Adductor Muscles

Wang Pingping', Chang Kexin', Li Meng’
1.College of Food Science and Engineering, Dalian Ocean University, Dalian 116000, Liaoning, China; 2.Liaoning
Provincial Engineering Research Center for Marine Health Foods, Dalian 116000, Liaoning, China; 3.Dalian Key
Laboratory for Development and High-Value Utilization of Characteristic Marine Functional Ingredients, Dalian
116000, Liaoning, China)
Abstract :To ameliorate the fluctuations in gel performance of short-term frozen scallop adductor
muscle, non-rinsed surimi gels were prepared from Argopecten irradians adductor muscles frozen
for 0, 1, 7, and 14 days with hydroxypropyl tapioca starch (HPTS), transglutaminase (TGase), or
their combination, while an additive-free group served as the control. The results showed that the

gel strength, texture properties, and water-holding capacity (WHC) of the control group fluctuated
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with prolonged frozen storage. The addition of HPTS and TGase, either individually or in
combination, significantly improved gel performance (P<0.05). In particular, the combination group
achieved a gel strength of 300.32 g-cm and a WHC of 94.04% on day 14, while maintaining
relatively stable WHC throughout the storage period. The addition treatments retarded the increases
in the myofibrillar fragmentation index and soluble peptide content, although the sulthydryl content
and surface hydrophobicity still exhibited fluctuations. Moreover, the combined addition
significantly enhanced the in vitro digestibility of the gels (P<0.05), although this advantage
gradually decreased with prolonged frozen storage. Overall, the combination of HPTS and TGase
improved the gel stability of short-term frozen scallop adductor muscle through physical filling and
regulation of protein aggregation; however, its beneficial effects were gradually constrained by the
continuous structural changes in proteins during frozen storage.

Key words:Argopecten irradians; frozen storage; gelling properties; hydroxypropyl tapioca starch;

transglutaminase
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Effects of Multilayer Interface Construction on the
Stability and Antioxidant Activity of Astaxanthin

Emulsions

Zhou Ning', Liu Li?, Xia Guanghua”

1.School of Food Science and Engineering, Hainan University, Haikou 570228, Hainan, China

Abstract: Astaxanthin multilayer emulsions were prepared using sodium caseinate, pectin, and
chitosan through layer-by-layer electrostatic deposition to investigate the effects of interfacial
structure on emulsion stability, retention, and bioaccessibility. Compared with single-layer
emulsions, multilayer emulsions exhibited smaller droplet size variations under varying pH and salt
concentrations, with triple-layer emulsions showing the optimal physical stability after storage and
freeze—thaw treatments. Astaxanthin retention increased significantly in multilayer emulsions
following heating, freeze—thaw cycles, storage, and UV irradiation. In vitro digestion results

indicated that multilayer emulsions delayed lipid digestion and improved astaxanthin

194



bioaccessibility. Furthermore, multilayer interface construction effectively enhanced the in vitro
free radical scavenging capacity of the emulsions, with the triple-layer emulsion exhibiting the
highest antioxidant activity. Overall, multilayer interface construction significantly improved the

stability, antioxidant properties, and delivery performance of astaxanthin emulsions.

Key words: Astaxanthin; Multilayer emulsions; Stability; Antioxidant activity; Bioaccessibility
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Flavoromics and Machine Learning Link Volatile
Profiles to Sensory Attributes in Salmon By-Product

Maillard Reaction Systems

Xinyu Ge, Hui Hong*
Beijing Laboratory for Food Quality and Safety, College of Food Science and Nutritional Engineering, China

Agricultural University, Beijing, 100083

Abstract :Salmon by-products are rich in flavor precursors, yet their use as flavor ingredients is limited by complex
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aroma formation during thermal processing. This study examined how pH, xylose concentration, and temperature
shaped volatile profiles and sensory attributes in salmon by-product Maillard reaction systems. Eighteen treatments
were analyzed using electronic nose, HS-SPME-GC-MS, odor activity value (OAV), quantitative descriptive
analysis, multivariate statistics, and machine learning. HS-SPME-GC-MS detected 917 volatile features, and 68
compounds with mean OAV > 1 were screened as aroma-active candidates. Temperature was the main driver of
volatile differentiation, while pH and xylose concentration further modulated selected compound groups. Sensory
scores differed significantly among treatments for roasty, fishy, floral, sweet, and fresh attributes. Random Forest
models based on the top 10 OAV-ranked compounds and process parameters achieved R? values of 0.63—0.93 and
RMSE values of 0.75-1.27. SHAP analysis identified predictors associated with sensory variation.

Key words: Salmon by-products; Maillard reaction; flavoromics; machine learning; sensory quality prediction;
Funding: This work was supported by the National Key R&D Program of China (2024YFD2101201)
and the Earmarked Fund for China Agriculture Research System (CARS-45).
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quality, storage, preservation, and processing of aquatic products, as well as the high-value
utilization of animal protein resources and bioactive peptides. Tel.: +86-10-62737385; E-mail:
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Deodorization Effect on Kelp
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1. College of Food Science and Engineering; 2. National R&D Branch Center For Seaweed Processing; 3. Key
Laboratory of Aquatic Product Processing and Utilization of Liaoning Province, Dalian Ocean University , Dalian

116023, China

Abstract: Kelp is the most important marine economic alga in China, but its inherent characteristic
fishy odor severely limits the development of its deep processing, while conventional deodorization
methods have obvious shortcomings. Therefore, in this study, combined mutagenesis was used to
modify a commercial strain in order to obtain a mutant strain with high deodorization enzyme
production, providing theoretical and technical support for the green and high-value processing of
kelp. The commercial strain was used as the starting strain and subjected to combined mutagenesis
treatment. With deodorization enzyme activity as the screening indicator, a superior mutant was
directionally selected, after which culture conditions were further optimized. The target mutant was
fermented to prepare a crude enzyme solution, and its deodorization effect on kelp was evaluated.
The results showed that after combined mutagenesis and culture condition optimization, the
deodorization enzyme activity of the mutant was significantly improved, reaching a 20-fold increase
compared with the original strain. Treatment of kelp samples with the crude enzyme fermented by
this mutant markedly reduced the sensory fishy odor. In conclusion, combined mutagenesis is an
effective approach for breeding high-yield deodorization enzyme strains. The crude enzyme
produced by the mutant exhibits strong kelp deodorization capability and shows promising

application potential in green kelp deodorization processing.

Keywords: combined mutagenesis; biological deodorization; kelp; strain enzyme production;

deodorization enzyme
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Preparation and Hair Restorative Activity of Takifugu

obscurus Skin Protein Hydrolysate-LLoaded Emulsion
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1.College of Food Science & Technology, Shanghai Ocean University, Shanghai 201306, PR China; 2. National
R&D Branch Center for Freshwater Aquatic Products Processing Technology (Shanghai), Shanghai 201306,

China;
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Abstract: Chemical bleaching and dyeing can disrupt hair cuticles, degrade keratin, and damage the lipid barrier,
highlighting the need for green marine-derived hair-care materials. In this study, Zakifigu obscurus skin protein hydrolysate
(TSPH) was incorporated with fish gelatin and camellia oil to prepare a TSPH/FG-CMO emulsion, and its repairing effects
on bleached and dyed hair were evaluated. Suitable preparation conditions were identified as 120 s homogenization, pH 7,
and an oil-to-water ratio of 5:5. After continuous treatment for 7 days, emulsions containing 6-10 mg/mL TSPH improved
hair smoothness, antistatic properties, frizz resistance, and tensile performance, promoted cuticle closure, and reduced surface
debris and oxidative-damage cavities; the overall performance was superior to that of a commercial wheat-protein
conditioner. Infrared transmission imaging, two-dimensional correlation infrared spectroscopy, and differential scanning
calorimetry indicated that peptides/proteins in the emulsion could penetrate into the cortex, improve protein distribution,
promote rearrangement of keratin o-helical conformations, peptide bonds, and disulfide bonds, and enhance o-keratin
stability. The 6 mg/mL formulation showed the best overall repair effect. These findings suggest that the TSPHFG-CMO
emulsion repairs damaged hair through synergistic surface film formation and intemal penetration, providing a basis for the

high-value utilization of pufferfish processing by-products and the development of natural hair-care products.

Keywords: Takifugu obscurus; skin protein hydrolysate; emulsion; damaged hair; hair repair
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Preparation of Chlorogenic Acid-Loaded
Nanostarch/Chitosan Composite Hydrogels and Their
Inhibitory Effect on Melanosis in Pacific White

Shrimp (Litopenaeus vannamei)
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Lixuan Huang', Wen Xia', Shucheng Liu"!

1. College of Food Science and Technology, Guangdong Provincial Key Laboratory of Aquatic Product
Processing and Safety, Guangdong Province Engineering Laboratory for Marine Biological Products, Guangdong
Provincial Engineering Technology Research Center of Seafood, Guangdong Provincial Engineering Technology

Research Center of Prefabricated Seafood Processing and Quality Control, Guangdong Ocean University,

Zhanjiang, 524088, China;

Abstract :Litopenaeus vannamei is susceptible to melanosis during storage and transportation, causing quality
deterioration and economic losses. Neat chitosan hydrogels, despite excellent biocompatibility and biodegradability,
possess poor mechanical properties and insufficient antioxidant capacity, limiting their anti-melanosis efficacy.
Chlorogenic acid (CA)-loaded nano-starch was prepared from micronized cassava starch via ultrasonication and
incorporated as a functional filler into a chitosan-based hydrogel coating. The sample obtained at 12 min of
ultrasonication exhibited the optimal physicochemical performance: encapsulation efficiency 93.78%, complexation
rate 75.00%, average particle size 68.93 nm, and PDI 0.395, with DPPH and ABTS radical scavenging activities of
78.30% and 86.62%, respectively. TEM verified the uniform dispersion of quasi-spherical particles without free CA
crystals. FTIR and XRD analyses confirmed that CA was immobilized via hydrogen bonding within the amorphous
regions of starch in an amorphous state. Blending the composite particles with chitosan at a 1:1 mass ratio yielded
an elasticity-dominated three-dimensional hydrogel network with the maximum storage modulus (G') and the
minimum loss tangent (tan 3). The composite coating exhibited stronger melanosis inhibition than that of the free
CA and neat chitosan groups after 10-day storage at 4°C. These findings provide a theoretical basis for the
performance optimization of chitosan-based hydrogels and the application of natural starch carriers in aquatic

product preservation.

Key words: Nano starch; chlorogenic acid; chitosan hydrogel; Litopenaeus vannamei; melanin inhibition
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Construction of a Calcium Ion-Ferulic Acid Stabilized
Anthocyanin Intelligent Packaging Film for
Predicting Quality Deterioration of Aquatic Products

during Storage and Transportation

Xin Ling, Jia-yin Huang*

College of Ocean Food and Biological Engineering, Jimei University,Xiamen, 361021,Fujian

Abstract:In this study, a smart packaging system was constructed using polyvinyl alcohol (PVA) and sodium
carboxymethyl cellulose (CMC-Na) as composite film substrates, incorporated with Ca?', ferulic acid, and

blackcurrant anthocyanins. The regulatory mechanism of Ca*" on anthocyanin stability and film properties was
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investigated, and the correlation between film color and shrimp quality was established. The results showed that Ca?*
improved the color stability, pH responsiveness, and mechanical and hydrophobic properties of the system. The 0.24
g/100 mL Ca?* system exhibited the optimal color response, while 0.36 g/100 mL Ca?" significantly enhanced film
stability, ammonia responsiveness, and antioxidant activity. When applied to shrimp storage, the film effectively
delayed the increases in TVB-N and TVC, and the film color was significantly correlated with freshness indicators,
enabling visual monitoring and early warning of quality deterioration. This study provides a theoretical basis and
technical reference for the development of smart packaging materials based on natural active pigments and for

predicting quality deterioration during food storage and transportation.

Key words: Anthocyanins; calcium ions; stabilization; intelligent film; freshness visualization
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The effects of drying methods on the drying
characteristics and quality attributes of freshwater
fish swim bladder
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(1. College of Food Science and Engineering, Wuhan Polytechnic University, Wuhan 430023, China; 2. Hubei Key
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430023, China)

Abstract: Fish swim bladders (FSBs) are rich in collagen and low in fat. As nourishing food with
high nutritional value, FSBs are mostly sold as dried products. To explore high-quality and high-
efficiency drying methods for FSBs, the effects of natural drying (ND), hot-air drying (HD) and
freeze drying (FD) on physicochemical properties and quality of channel catfish FSBs were
investigated. Physicochemical properties of dried FSBs were characterized by determining
indicators including water state, rehydration ratio, texture and microstructure. GC-IMS and E-
tongue were applied to illustrate the evolution of flavor compounds in FSBs under different drying
conditions, and the quality regulation effect of drying on channel catfish FSBs was comprehensively
described. The results showed that FD FSBs showed white surface with moisture content below 6%,
and a loose and porous structure was formed. ND and HD FSBs showed yellow and translucent
appearance with moisture content higher than 12%, and the collapse of their microstructure reduced
the drying rate in the middle and late drying stages. Regression fitting of drying kinetic models
verified that the Page model can describe the water variation during different drying processes. FD
effectively preserves collagen in FSBs, with a content of 0.79 g/g, higher than those of the ND and
HD groups. FD FSBs possess a high rehydration ratio and soft texture after rehydration, showing
desirable edible quality. Compared with the ND and HD groups, FD FSBs contain higher
concentrations of characteristic flavor compounds such as 1-octen-3-ol and fewer lipid oxidation
products. FD provides a new strategy for high-quality drying for FSBs and exhibits great application

potential.

Keywords: fish swim bladder; drying characteristics; water state; collagen; flavor compounds
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Effects of Pulsed Electric Field on Quality of Haliotis

discus hannai During Refrigerated Storage
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College of Ocean Food and Biological Engineering, Jimei University, Xiamen 361021, Fujian, China
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Abstract: Aiming at the insufficient research on pulsed electric field (PEF) applied to the
refrigerated preservation of Haliotis discus hannai, this study explored the regulatory effect of PEF
on the quality deterioration and microbial community evolution of Haliotis discus hannai during
cold storage, in which abalones were treated with PEF at 0, 10, 20 and 30 kV, and the variation
patterns of physicochemical quality, endogenous enzyme activity, muscle structure, protein
components and microbial indexes during refrigeration at 4 °C were determined to investigate the
effects of different voltage treatments on abalone quality during refrigeration; the results showed
that PEF could delay the decline of pH and hardness, improve water holding capacity, and
maintain natural color and the integrity of muscle tissue structure, on the 21st day of storage, the
total viable count (TVC) of the 30 kV group was 8.53 Log CFU/g, lower than 8.84 Log CFU/g of
the control group, and the total volatile basic nitrogen (TVB-N) of the 20 kV and 30 kV groups
remained at around 20 mg/100 g, meanwhile, PEF significantly inhibited the accumulation of
TBARS, protein carbonyl and TCA-soluble peptides, and suppressed the degradation of water-
soluble and salt-soluble proteins; in conclusion, PEF can effectively delay the quality deterioration
of Haliotis discus hannai during refrigeration, and the results of this study can provide theoretical
guidance for the refrigerated preservation of abalone and the application of PEF in the field of

aquatic product processing.

Key words: Pulsed electric field; Haliotis discus hannai; Refrigerated preservation; Quality

deterioration
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Research on the Sensory Characteristics, Flavor
Perception of Salicornia Plant Salt, and its Sodium
Reduction Substitution and Quality Control in

Sturgeon Caviar

Weijia Zhang', Yuanhui Zhao!, Xinxing Xu'*

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

Abstract: Salicornia bigelovii is rich in mineral elements such as potassium and magnesium, as well
as various bioactive components, conferring substantial sodium-reduction potential. In this study,

we systematically characterized the sensory properties of S. bigelovii salt and evaluated its sodium-
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replacement efficacy and quality-modulating effects in sturgeon caviar. Based on the quantitative
relationship between electronic tongue responses and NaCl concentrations, a highly correlated
standard curve (R? = 0.9969) was constructed, and a conversion model for the equivalent saltiness
of S. bigelovii salt was further established (R* = 0.9909), enabling accurate mapping from
instrumental signals to sensory saltiness intensity. The electronic tongue-derived equivalent
saltiness of S. bigelovii salt ranged from 100 to 167 mmol/L NaCl, significantly higher than the
sensory evaluation results (3692 mmol/L NaCl), indicating an enhanced gustatory stimulatory
effect. In low-sodium substitution applications, incorporation of S. bigelovii salt into the sturgeon
caviar processing system identified 40% as the optimal substitution level, achieving approximately
60% sodium reduction while maintaining favorable sensory acceptability. Mechanistically, S.
bigelovii salt markedly inhibited the growth of spoilage microorganisms, with an inhibition rate of
98.41% against Shewanella baltica, primarily through disruption of cell membrane integrity,
increased membrane permeability, and suppression of biofilm formation, thereby effectively
reducing bacterial viability. Regarding oxidative stability, it significantly decreased lipid
peroxidation levels and malondialdehyde content, and delayed protein oxidative degradation by
maintaining myofibrillar protein sulfhydryl content and inhibiting carbonylation. Key volatile flavor
compounds, including hexanal, (E)-2-hexenal, (Z)-4-heptenal, and 3-methyl-1-butanol, exhibited
significant positive correlations with phosphatidylcholine and phosphatidylethanolamine species
containing oleic acid, o-linolenic acid, arachidonic acid, eicosapentaenoic acid, and

docosahexaenoic acid.

Key words: Sturgeon caviar; Salicornia bigelovii; Plant salt; Sodium reduction; Quality control
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Unraveling the osteogenic activity of Caulerpa
lentillifera acidic polysaccharides: from structural

features to molecular targets

Zijing Lu, Dongxue Wang, Yaqin Hu®
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College of Food Science and Engineering, Hainan Tropical Ocean University, Sanya 572022, China

Abstract: [Objective] This study focused on the structural characteristics of Caulerpa lentillifera acidic
polysaccharides (CLAP) and investigated their osteogenic effects and potential molecular mechanisms. [Methods]
The structural features of CLAP were analyzed by Fourier transform infrared spectroscopy (FTIR), monosaccharide
composition analysis, and molecular weight determination. In vitro assays were employed to assess osteogenic
indicators, including alkaline phosphatase (ALP) activity, mineralized nodule formation, and expression of bone-
related genes. In vivo osteogenesis was examined in zebrafish embryos using staining, fluorescence quantification,
and ELISA-based analysis. The involvement of the PI3K-AKT signaling pathway in CLAP-driven osteoblast
differentiation was investigated, and potential molecular targets were identified. [Results] In vitro results
demonstrated that CLAP significantly promoted osteoblast proliferation, differentiation, and mineralization. In vivo
findings revealed that CLAP enhanced zebrafish skeletal mineralization, cartilage formation, and osteocalcin
synthesis. [Conclusion] Collectively, these results indicate that CLAP, as a natural polysaccharide, exhibits
significant osteogenic-promoting properties and holds promise as a bioactive material for bone tissue engineering
applications.

Key words: Caulerpa lentillifera acidic polysaccharides; Structural characterization; Osteogenic activity; PI3K-

AKT signaling pathway
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The Anti-allergic Mechanisms of Marine Bioactive

Substances

Ziye Zhang '

(1. College of Food Science and Engineering, Ocean University of China, Qingdao 266500, China)
Abstract: [Objective] As the global prevalence of food allergy continues to rise rapidly, the
existing medical approaches are difficult to cure it. It is urgent to explore safe and effective
prevention and control strategies. Although food processing technology can partially reduce the
allergenicity of allergens, it has limitations, and the immunomodulatory effects of natural anti-
allergic active ingredients provide new ideas for alleviating food allergies. Marine biological
resources contain abundant anti-allergic substances, but their specific mechanisms have not been
systematically elucidated. The aim of this study is to systematically explore the anti-allergic effects
and mechanisms of marine-derived active substances (such as polyphenols, polysaccharides, and
peptides), in order to provide a theoretical basis for the development of new anti-allergic functional
foods. [Methods] In this study, the bioactive substances with anti-allergic potential in marine
animals and plants (e.g., algae, fish) were systematically analyzed through in vitro experiments, cell
experiments, and mouse animal models, including their physicochemical characteristics, extraction
methods, and targets of action. The study focused on exploring the molecular mechanisms by which
these components alleviate food allergies through regulating Th1/Th2 immune balance, inhibiting
IgE-mediated degranulation of mast cells, and regulating gut microbiota, and evaluated their
effectiveness in in vitro experiments, animal models, and preclinical studies. Specifically, the
research covered various marine active substances such as seaweed polyphenols, Laminaria
Jjaponica fucoidan and its degraded products, microalgae protein hydrolysates, and fish byproduct
hydrolysates. A variety of techniques were comprehensively employed, including chromatographic
separation and purification, spectroscopic analysis, in vitro simulated digestion, cell models, and
mouse models. [Results] Research has shown that algal polyphenols can bind to shrimp
tropomyosin (TM), alter its molecular structure, thereby masking or destroying its conformational
epitopes, significantly reducing the IgG/IgE binding capacity of TM, and inhibiting RBL-2H3 cell
degranulation and the release of allergic mediators such as histamine and IL-4. Meanwhile,
polyphenols can also exert immunomodulatory effects by regulating the Th1/Th2 cell balance and
inhibiting the MAPK and NF-«kB signaling pathways. After controlled degradation, the anti-allergic
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activity of Laminaria japonica fucoidan was significantly enhanced. Low-molecular-weight
fucoidan (DLJF) could more effectively inhibit mast cell degranulation and inflammatory factor
secretion, and alleviate allergic symptoms by regulating gut microbiota composition and increasing
the abundance of beneficial bacteria. In addition, fucoidan could also inhibit macrophage
inflammatory responses through the TLR4/NF-kB signaling pathway. Both microalgae protein
hydrolysates and fish byproduct hydrolysates could effectively inhibit hyaluronidase activity and
exert anti-allergic effects by inhibiting the release of B-hexosaminidase from RBL-2H3 cell
degranulation. Among them, a novel peptide TPEVHIAVDKEF identified from fish byproducts
exhibited definite anti-allergic activity. Marine anti-allergic functional active ingredients have
shown significant relief effects on common allergens such as from aquatic foods in mast cell
experiments and mouse animal experiments, with high safety. [Conclusion] It can be seen that the
active ingredients of marine organisms have broad application prospects in alleviating food allergies
due to their structural diversity and unique mechanisms of action. This study systematically
elucidated the mechanisms by which marine polyphenols, polysaccharides, and peptides exert anti-
allergic effects through multiple synergistic pathways, including reducing allergen sensitization,
immunomodulation, and remodeling gut microbiota, providing a solid theoretical basis and
experimental support for the development of novel, safe, and efficient anti-allergic functional foods
and natural intervention agents. However, breakthroughs are still needed in its industrial extraction,
stability optimization, and clinical translation. Future research should focus on the synergistic
effects of ingredients, the development of precise delivery systems, and validation through
population trials, in order to promote the practical application of marine anti-allergic substances
from basic research and provide innovative solutions for food allergy prevention and control.

Key words: Food allergy; Seafood; Bioactive substances; Anti-allergy; Mechanism study
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Precise Excavation, Bioproduction and Targeted
Nutrition Health Application of Marine Food

Functional Factors

Rui Ying', Yuanhui Zhao?, Xiangzhao Mao

College of Food Science and Engineering, Ocean University of China, Qingdao 266000, Shandong

Abstract: Marine foods are abundant in functional nutrients and bioactive factors that play critical
roles in human health regulation. Objective: Elucidating the structure-activity relationships of these
components and realizing targeted transformation and biosynthesis of specific functional factors is
an essential pathway to enhance their potency and achieve precision nutrition. Methods: This study
takes bulk seaweed resources as the research object, and constructs a complete technical framework

covering "targeted mining of functional factors - molecular structure-activity elucidation -
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mechanism dissection - efficacy improvement". A high-throughput screening system for seaweed
anti-hypoxia activity was established for efficient mining of target functional factors, followed by
systematic activity evaluation and structure-activity relationship analysis. By integrating the high-
throughput mining strategy for aquatic processing-specific enzymes, which combines whole-
genome analysis, component identification and pathway protein functional annotation, the targeted
transformation and biosynthesis of specific functional factors were achieved. Results and
Conclusion: This work establishes a novel technical system for the discovery and precision
manufacturing of structure-specified marine functional factors, and promotes the high-value
utilization of marine food resources in dietary optimization and health improvement.

Key words: Marine food functional factors; Targeted biotransformation; Structure-activity

mechanism; Precision nutrition; High-value utilization
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Abstract: Brown algal surface mucilage is rich in readily releasable surface-associated polysaccharides and,
compared with polysaccharides more tightly bound within the cell-wall matrix, is more amenable to separation and
utilization under mild conditions. Using Kjellmaniella crassifolia (Kc) as the raw material, a low-concentration
alkaline separation system operated at room temperature was established to prepare mucilage lyophilized powder
(MLP) and mucilage-derived fucoidan (MF). Following optimization by single-factor experiments and response
surface methodology, the total sugar contents of Kc-MLP and Kc-MF were 5.17% and 51.90%, respectively. The
same low-concentration alkaline separation system was further applied to Undaria pinnatifida sporophylls (Ups)
and Laminaria japonica (Lj), yielding MF samples with total sugar contents of 40.65% and 26.71%, respectively,
indicating a certain degree of applicability of this process to different brown algal materials. After removal of the
surface mucilage, the remaining algal thalli were homogenized and subjected to combined enzymatic hydrolysis to
obtain conventional fucoidan (CF). Based on an integrated evaluation of composition, physicochemical
characteristics, and in vitro antioxidant activity, Kc-MF, Kc-CF, Ups-MF, and Ups-CF were selected for further
evaluation in a dextran sulfate sodium (DSS)-induced mouse model of colitis. The results showed that both MF and
CF alleviated, to varying extents, DSS-induced body weight loss, elevated disease activity index scores, colon
shortening, splenic enlargement, and oxidative stress in colonic tissues. Their overall intervention effects were
comparable, although MF showed certain advantages in several indicators. In conclusion, brown algal surface
mucilage represents a potential source for the mild preparation of fucoidan, and mucilage-derived MF shows
potential for the intervention of intestinal inflammation. These findings provide a new perspective for the high-value

utilization of brown algal surface mucilage and the development of functional marine polysaccharides.

Keywords: brown algal surface mucilage; extraction; fucoidan; structural characterization; colitis
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Fucoidan Combined with Traditional Chinese
Medicine Preparations Ameliorates Insulin Resistance

in T2DM Mice
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Abstract: Fucoidan can regulate glucose metabolic pathways in a targeted manner and complement
the multi-target effects of traditional Chinese medicine (TCM) formulas against diabetes. Their
combination is expected to produce synergistic hypoglycemic effects and optimize diabetes
treatment regimens. This study aimed to investigate the synergistic hypoglycemic effects of
fucoidan-TCM combinations on improving insulin resistance in type 2 diabetes mellitus (T2DM)
mice. In vitro screening of combination regimens was performed using an a-glucosidase inhibitory
activity assay, and in vivo validation was conducted in a high-fat diet (HFD)/streptozotocin (STZ)-
induced T2DM mouse model. The results showed that both fucoidan-Gegen and fucoidan-Xiaoke
Formula combinations exhibited significant synergistic hypoglycemic effects. The fucoidan-TCM
combination groups were significantly superior to the fucoidan monotherapy group in blood glucose
regulation and improvement of insulin resistance. This combination system can exert favorable
synergistic effects and is expected to reduce the side effects associated with conventional
hypoglycemic drugs. These findings provide experimental evidence for the high-value utilization of
marine biological and TCM resources, as well as for the development of functional foods and natural

hypoglycemic preparations.

Keywords: Fucoidan; Traditional Chinese medicine formula; Type 2 diabetes mellitus; Insulin
resistance; Synergistic effect
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Study on the Color Change Patterns and Mechanisms
During the Processing and Cooking of Brown Algae
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Abstract :This study aims to elucidate the underlying mechanisms responsible for the discol
oration and quality degradation of Saccharina japonica and Undaria pinnatifida during pro
cessing and storage due to pigment degradation, and to identify the key technical aspects

for quality control. Using Saccharina japonica and Undaria pinnatifida as research subject
s, the study systematically examines the quality indicators at each stage of the salting pro
cess, employs chromatographic techniques to analyze pigment changes, develops a kinetic

model for color deterioration during frozen storage based on the Arrhenius equation, and

compares the quality differences among four cooking methods. The results indicate that th
e processing of both brown algae generally follows a pattern of blanching-induced green c
oloration, darkening upon salting, and color rebound after desalination. Undaria pinnatifida
exhibits higher pigment sensitivity, with chlorophyll demagnesation as the core pathway res
ponsible for its color deterioration. The optimal blanching parameters were determined for

Saccharina japonica and for Undaria pinnatifida. Low-temperature frozen storage can dela
y color deterioration, and chlorophyll can serve as a key indicator for determining shelf li
fe; frozen storage can significantly extend the shelf life of both products. There are nota
ble differences in the suitability of various cooking methods: Saccharina japonica is best s
uited for short-duration boiling or vacuum low-temperature treatment, whereas Undaria pin
natifida is more suitable for microwave cooking. This study clarifies the mechanisms and

key control points for color deterioration throughout the entire process of brown algae pro
cessing, storage, and cooking, providing theoretical support and practical guidance for opti
mizing the processing of salted brown algae, regulating product quality, and developing rea

dy-to-eat products.

Key words: Saccharina japonica and Undaria pinnatifida; salting process; color change; kinetic

model; cooking method
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Advanced Processing of Aquatic Product of Guangdong Higher Education Institution, Zhanjiang, 524088, China.

Abstract:The aim of this study was to investigate the antibacterial mechanism and preservation potential of piperine
composite solution (HPP) against Pseudomonas gessardii, a specific spoilage organism in refrigerated Litopenaeus
vannamei. The bacteria were treated with 5 mg/mL HPP, and cell viability, antioxidant enzyme (superoxide
dismutase, SOD; catalase, CAT) activities, membrane damage markers (alkaline phosphatase, AKPase; lactate
dehydrogenase, LDHase), biofilm formation and eradication, expression of virulence genes (rpoD and gltA), and
morphological changes were examined. Results showed that HPP reduced viable cell counts by 51% and decreased
the number of surviving cells by 16.8%. SOD and CAT activities decreased significantly, while AKPase and LDHase
levels increased, indicating enhanced oxidative stress and impaired membrane integrity. Biofilm inhibition and
eradication rates reached 65.84% and 44.08%, respectively, and swarming motility was suppressed. Virulence gene
expression was downregulated, and electron microscopy revealed obvious morphological alterations. Collectively,
piperine exerts synergistic antibacterial effects via oxidative damage, membrane disruption, biofilm inhibition, and
interference with quorum sensing, thereby effectively controlling P. gessardii and providing a theoretical basis for
developing natural preservatives for chilled shrimp.

Key words: Piperine; P gessardii; Antibacterial mechanism; Litopenaeus vannamei
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Multi-scale regulatory effect of Chlamys nobilis

protein hydrolysate powder on wheat dough system

Yuou Wang' 2, Hongyu Zhang' 2, Yu Liu ' >, Mingtang Tan %, Zhongqin Chen" %, Ming Chen'-?,

Huina Zheng -2, Jialong Gao 2, Wenhong Cao "2 "

1.College of Food Science and Technology, Guangdong Ocean University, Zhanjiang 524088, China; 2.National

Research and Development Branch Center for Shellfish Processing, Zhanjiang 524088, China.

Abstract: This study took Chlamys nobilis protein hydrolysate powder (SP) as a functional modifier
to systematically analyze its regulatory effects on the multi-scale structure and quality properties of
the low-gluten dough system. SP was incorporated into the low-gluten flour matrix at gradient levels
ranging from 0.0% to 5.0%. Multiple characterization techniques including rheology, low-field
NMR, scanning electron microscopy (SEM), confocal laser scanning microscopy (CLSM),
Fourier-transform infrared spectroscopy (FTIR), and X-ray diffraction (XRD) were adopted to
unravel the SP-mediated structural evolution of dough. The results demonstrated that SP addition at
3.0%-4.0% remarkably improved the viscoelastic behaviors of dough and strengthened the stability
of gluten network. It facilitated the conversion of tightly bound water to weakly bound water, with
the maximum proportion of weakly bound water reaching 82.52%, which further promoted the
formation of compact cross-linked gluten-starch composite structures. At this dosage level,
intermolecular hydrogen bonds within the system were disturbed, the relative crystallinity of starch
was increased to 53.0%, and the secondary conformational rearrangement of gluten was induced.
When the SP addition level rose to 5.0%, excessive component aggregation and phase separation
occurred in the system, leading to the deterioration of both macroscopic and microscopic structures
of dough. In conclusion, SP can achieve effective optimization of the multi-scale structure of
low-gluten dough. This work provides a theoretical basis and technical support for the high-value
utilization of scallop resources and the application and development of marine-derived proteins in

flour-based food products.

Keywords: Chlamys nobilis protein hydrolysate powder; dough rheology; multi-scale structure;
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Optimization of Liquid Nitrogen Quick-Freezing
Process for Litopenaeus vannamei Based on COMSOL
Numerical Simulation: Synergistic Regulation of

Quality Retention and Liquid Nitrogen Consumption

Sisi Chen, Wenda Yan, Qinxiu Sun, Wenkui Song, Shucheng Liu”

College of Food Science and Technology, Guangdong Ocean University; Guangdong Provincial Key Laboratory
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Products; Guangdong Provincial Engineering Technology Research Center for Marine Food; Guangdong
Provincial Engineering Technology Research Center for Processing and Quality Control of Prepared Aquatic

Foods, Zhanjiang 524088, Guangdong, China

Abstract:To improve the freezing efficiency of Litopenaeus vannamei while reducing liquid nitrogen
consumption, the effects of different liquid nitrogen temperatures and two-stage temperature
combinations on freezing characteristics, muscle quality, and liquid nitrogen consumption were
investigated, and COMSOL was used to simulate temperature changes during the freezing process.
The results showed that lowering the freezing temperature shortened the freezing time, whereas
excessively low temperatures were unfavorable for quality retention. Freezing at -95 °C better
maintained the water-holding capacity, hardness, and microstructure of shrimp muscle. When -95 °C
was used as the first-stage freezing temperature, lowering the second-stage temperature further
shortened the total freezing time and improved some quality attributes. Considering freezing
characteristics, muscle quality, and liquid nitrogen consumption, the -95 °C/-75 °C two-stage
freezing mode showed better overall performance and reduced liquid nitrogen consumption by
17.49% compared with continuous freezing at -95 °C. The numerical simulation effectively
predicted key temperature nodes during freezing. These results indicate that two-stage liquid
nitrogen quick-freezing can improve liquid nitrogen utilization efficiency while maintaining the
quality of L. vannamei, providing a reference for low-energy and precise quick-freezing of aquatic

products.

Key words: Litopenaeus vannamei; two-stage liquid nitrogen quick-freezing; freezing characteristics;
liquid nitrogen utilization efficiency; numerical simulation
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Inhibitory Effects of Phenolic Compounds on
Lipoxygenase (LOX) from Golden Pompano

(Trachinotus ovatus) Investigated by Spectroscopic

Techniques
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I College of Food Science and Technology, Guangdong Ocean University, Guangdong Provincial Key Laboratory
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Abstract: In this study, the inhibitory effects and conformational impacts of chlorogenic acid (CGA),
gallic acid (GA), arbutin, and hydroxytyrosol (DOPET) on lipoxygenase (LOX) from golden
pompano were investigated. After purification, LOX activity was increased 8.07-fold, and the
optimal substrate concentration and Km were determined to be 6.4 mM and 0.98 mM, respectively,
at pH 5.5. CGA was found to exhibit significantly stronger inhibition than GA, arbutin, and DOPET
(P <0.05), with a KI of 0.31 mg/mL, and was identified as a mixed-type inhibitor, with an inhibition
rate 38.57% higher than that of DOPET at 3 mg/mL. UV-VIS analysis revealed that a red shift and
enhanced absorption of LOX were induced by CGA, indicating that a stable complex was formed
and the tertiary structure was altered. CD analysis showed that the a-helix contents of LOX treated
with CGA and GA were decreased by 4.18% and 5.33%, respectively, indicating increased structural
disorder and unfolding of the enzyme. Molecular docking confirmed that more active center binding
sites were occupied by CGA, preventing substrate binding. Therefore, CGA was suggested to have

greater potential as a natural LOX inhibitor.

Key words: Trachinotus blochii; phenolic compounds; lipoxygenase; spectroscopic techniques;

molecular docking
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S vacancy-modified Ti3C2Tx quantum dot@SnS2
schottky heterojunction for electrochemiluminescence

detection of aflatoxin B1

Meifang Hua', Quansheng Chen*!

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

Abstract: MXene quantum dots (MQD), as emerging electrochemiluminescence (ECL) emitters, are constrained in
practical applications due to their weak luminescence intensity. To address this limitation, the S-vacancy modified
MQD@SnS: was prepared by anchoring MQD on SnS2 nanoflowers to improve their ECL performance. The SnS»
generates a Schottky heterojunction with MQD and provides a fast electron transport channel across the interface,
promotes electron-hole separation and interfacial charge transfer and contributes to the improved electrochemical

performance. The introduction of S vacancies, acting as electron traps significantly enhances the ECL emission from
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MQD by attracting charge carriers and lowering the reaction energy. In a proof-of-concept ECL application, a rapid,
sensitive and efficient biosensor was developed for the detection of aflatoxin B: (AFBi) and exhibited good
selectivity with a wide detection range of 0.001~100 pg/kg with a low limit of detection of 1.24x10** pg/kg. This
work provides a novel perspective for the design and synthesis of high-performance ECL emitters, offering new

opportunities for the advancement of sensitive and highly stable ECL sensors.

Key words: Electrochemiluminescence; aptasensor; Ti3CoTx quantum dots; S vacancy; aflatoxin B
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Extraction and Composition Analysis of Lipids from
Pacific White Shrimp (Litopenaeus vannamei) Heads
using a Choline Chloride-Lactic Acid Deep Eutectic

Solvent

Xiaofang Liu', Xiangyang Li'?, Zhanbo Gong'?, Yuan Yu', Xixi Wang', Huihui Sun', Fuhou Li?,
g
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1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of Sustainable
Development of Polar Fisheries, Ministry of Agriculture and Rural Affairs, Qingdao 266071, China;
2. Jiangsu Ocean University, School of Ocean Food and Biological Engineering, Jiangsu Key Laboratory of
Marine Biotechnology, Lianyungang 222005, China;

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

Abstract: To establish a green extraction process for total lipids from Pacific white shrimp (Litopenaeus vannamei)
heads and elucidate the compositional characteristics, a deep eutectic solvent (DES) system composed of choline
chloride and lactic acid was employed in the present study. Using total lipids yield as the evaluation index, the
extraction parameters were systematically optimized, and the basic composition, phospholipids profile, and fatty
acids composition of the obtained total lipids were comprehensively analyzed. The results indicated that the optimal
DES system, featuring a choline chloride-lactic acid molar ratio of 1:3 with 15% water content, achieved the highest
total lipids yield (9.72 + 0.06 g/100 g DW) under the following conditions of solid-liquid ratio of 1:10 (g/mL),
extraction cycles of 3, and solvent partition times of 4. This performance was comparable to that of conventional
solvents, specifically chloroform-methanol (2:1, v/v; 11.16 £ 0.13 g/100 g DW) and ethanol (10.71 £+ 0.08 g/100 g
DW), while being significantly superior to that of hexane (4.09 £ 0.11 g/100 g DW) and acetone (4.87 = 0.05 g/100
g DW). Composition analysis revealed that the total lipids were characterized by a high proportion of phospholipids,
predominantly phosphatidylcholine and phosphatidylethanolamine. Furthermore, the obtained lipids were abundant
in polyunsaturated fatty acids, particularly eicosapentaenoic acid and docosahexaenoic acid, which existed primarily
in the form of phospholipids. Overall, the choline chloride-lactic acid DES proved to be an effective and
environmentally friendly alternative for lipids extraction from shrimp heads, yielding lipids with excellent nutritional

composition that hold great potential for development as novel functional oil ingredients.

Key words: Pacific white shrimp (Litopenaeus vannamei) heads, deep eutectic solvent, total lipids yield,

phospholipids, polyunsaturated fatty acids.
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Enhancing oil-water interfacial behavior and
emulsion properties of abalone muscle protein -inulin

conjugates by Maillard reaction

Li Jinzhen!, Cao Wenhong!*3, Lin Haisheng!*3, Gao Jialong"**, Chen Zhongqin">?*, Zheng
Huina!23*
1. College of Food Science and Technology, Guangdong Ocean University, Zhanjiang 524088, China;
2. Shenzhen Institute of Guangdong Ocean University, Shenzhen 518108, China;
3. National Research and Development Branch Center for Shellfish Processing (Zhanjiang), Guangdong Provincial
Key Laboratory of Aquatic Products Processing and Safety, Guangdong Provincial Engineering Technology

Research Center of Seafood, Zhanjiang 524088, China.

Abstract: [Objective] To develop high-quality functional food protein ingredients with enhanced
interfacial stability, abalone muscle protein (AMP)-inulin conjugates were prepared under different
pH conditions. [Methods] AMP-inulin conjugates were produced via the Maillard reaction, and the
effects of neutral and alkaline pH on conjugate structure were investigated. The regulatory effects
of pH on oil-water interfacial behavior and emulsifying properties were further elucidated. [Results]
Alkaline pH effectively inhibited protein aggregation of the conjugates during heat treatment and
enhanced molecular flexibility, accompanied by a significant decrease in B-sheet content to 15.41%
and an increase in f-turn content to 36.13%. Compared with the conjugates prepared at neutral pH,
those prepared under alkaline conditions exhibited a higher absolute zeta potential of 24.57 mV and
greater hydrophilicity, with a contact angle of 51.73°. Moreover, the pH-induced conformational

changes promoted rapid penetration and molecular rearrangement of the conjugates at the oil-water
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interface, facilitating the formation of a deformation-resistant interfacial film. Emulsions stabilized
by the alkaline-pH conjugates also exhibited a more uniform droplet distribution and a smaller
droplet size of 19.99 pum. In contrast, neutral pH promoted the formation of AMP aggregates and
restricted their adsorption at the oil-water interface. [Conclusion] This study reveals the intrinsic
relationship between the multiscale structure of AMP-inulin conjugates and their interfacial
behavior, providing a theoretical basis for the development of marine-derived food protein
ingredients with desirable interfacial properties.

Keywords: Abalone muscle protein; Inulin; pH-shift; Maillard reaction; Oil-water interfacial

behavior
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Preparation and Characterization of a Pickering
Emulsion of Amomun tsao-ko Crevost et Lemaire

Essential Oil Stabilized with Cellulose Nanomaterials

Jiakong Li', Chuan Li*"

1. School of Food Science and Engineering, Hainan University, Haikou 570228, China.

Abstract : Develop a Pickering emulsion stabilized with cellulose nanomaterials to stabilize Amomun tsao-ko
Crevost et Lemaire essential oil, thereby enhancing the oil’s water dispersibility, stability, and functional activity.
Amomun tsao-ko Crevost et Lemaire was crushed after natural drying, and Amomun tsao-ko Crevost et Lemaire
Essential Oil was extracted via steam distillation. Cellulose nanocrystals (CNC) and TEMPO-oxidized nanocellulose
(TOCNF) were used as composite stabilizers, with Amomun tsao-ko Crevost et Lemaire Essential Oil serving as the

oil phase, and sodium acrylate-modified nano-ZnO (PAAS@ZnO) was introduced to prepare a Pickering emulsion
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using high-shear mixing combined with high-pressure microjet homogenization. The results show that the main
components of Amomun tsao-ko Crevost et Lemaire essential oil are eucalyptol and geraniol, which inhibit bacterial
growth by shortening the logarithmic growth phase and have a significant destructive effect on bacterial cell
morphology and cell integrity. The Amomun tsao-ko Crevost et Lemaire Essential Oil Pickering emulsion had an
average particle size of 561.9 nm and a zeta potential of -32.056 mV. It showed no significant separation after 30
days of storage at 4 °C and exhibited significant antibacterial activity against Staphylococcus aureus, Pseudomonas
fluorescens, and Shewanella species. In summary, the prepared emulsion exhibits good stability and excellent
antibacterial properties.

Key words: Cellulose nanocrystals; TEMPO-oxidized cellulose nanofibrils; Pickering emulsion; Amomun tsao-ko

Crevost et Lemaire essential oil; Antibacterial
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Fabrication of Fish Bone Particle-Stabilized Fish Oil
Pickering Emulsions: A Dual-Valorization Approach

for Resource Recovery

Xia Ziyang Luo Yingying Liu Yanwei Ye Beibei Yi Shumin LiJianrong Liu Cikun®

Li Xuepeng”

School of Food Science and Engineering, Bohai University, Jinzhou 121013, Liaoning

ABSTRACT: Effective recycling of fish processing by-products as new high-value resources is of
great significance to promoting the circular economy. This study proposes a resource recycling
strategy for the dual valorization of fish bone and fish oil: fish bone particles prepared by a top-
down ball-milling method were used to construct fish oil-based Pickering emulsions, which were
then applied as quality enhancers to improve the quality of emulsified surimi gels (ESGs). Results
showed that extending the ball milling duration from 5 to 60 min significantly reduced the average
particle size of FBPs from 1772.9 to 219.7 nm and increased their absolute value of zeta potential.
Spectroscopic analysis confirmed FBPs composed of native hydroxyapatite-collagen composites,
with prolonged ball milling disaggregating the mineral-organic matrix. Additionally, ball-milled
FBPs could serve as engineered particles to stabilize fish oil-based Pickering emulsions, with
emulsion stability influenced by particle concentration and oil-water ratios. At a particle
concentration of 3.0 wt % and an oil-water ratio of 0.6, the FBPs milled for 20 and 30 min (FBPs-
20 and FBPs-30) exhibited superior adsorption at the oil-water interface compared to other samples,
forming dense microstructures around emulsion droplets. Such interfacial structures limited the
migration of water/fish oil and exhibited unique viscoelastic properties. Finally, 6 wt % FBPs-30-
based emulsion enhanced the textural attributes of ESGs, illustrating their potential as functional
additives. Overall, this study promotes the sustainable utilization of fish processing by-products and

provides a reference for the development of novel Pickering particles.

KEYWORDS: recycling; fish bone particles; fish oil; Pickering emulsion; interfacial structure
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Tailoring the multiphase colloidal network of batters
through controlled pre-gelatinization and oil droplets
filling: Enhancement effects on quality of deep-fried

battered clams

Cheng Xuebing Liu Yanwei Ye Beibei Yi Shumin Li Jianrong Liu Cikun® Li Xuepeng"

School of Food Science and Engineering, Bohai University, Jinzhou 121013, Liaoning

ABSTRACT: Deep-fried battered foods are widely consumed but face significant quality challenges,
primarily excessive oil uptake and the rapid loss of textural crispness during post-frying storage. In
this study, effects of targeted pre-gelatinization and oil droplets filling on the rheological properties
and colloidal network of batters were investigated, along with their subsequent impact the color,
texture, fat content, volatile flavor components of deep-fried battered clams. Results showed that
the starch-flour-hydrocolloid (flaxseed, guar, or xanthan gum) based batters with lipid-anchored
micro-domains exhibited higher apparent viscosity and viscoelastic moduli after pre-gelatinization,
further enhancing the multiphase stability. The pick-up ratios of the batter in the untreated (CK) and
oil-added (CKO) controls were 17.4% and 19.3%, respectively, whereas the corresponding value in
the pre-gelatinized group with oil droplets filling and flaxseed gum (G-FGO) reached 72.1%. The
improvement in the batters was related with the formation of dense and ordered networks filled with
oil droplets, which might function as robust multifunctional barriers regulating the rapid evaporation
of moisture during frying. The marked reduction in oil uptake and increasement of fracture force
were observed in the sample treated with gelatinization, lipid incorporation and flaxseed gum (G-
FGO group), guar gum (G-GGO group), or xanthan gum (G-XGO group), when compared to the

CKO group. Furthermore, the specific flavor compounds including hexanal, nonanal, (E,E)-2,4-
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decadienal, E-2- undecenal, etc., in battered clams increased significantly after treatment. These
findings provided us that regulating the multiphase colloidal network of batters via gelatinization
and oil droplets filling offers a potential industrial application for the production of high-quality

fried seafood.

KEYWORDS: Colloidal network; pre-gelatinization; lipid incorporation; deep-fried battered clams;

fat content
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Matrix Structural Remodeling and Coordinated
Regulation of Flavor in Reduced-Salt Aquatic Gel
Foods

Deyang Li

School of Food Science and Technology, Dalian Polytechnic University, Dalian, 116034, Liaoning

Abstract: Salt reduction in aquatic gel foods often leads to limited myofibrillar protein solubilization, weakened gel
networks, and diminished saltiness and flavor. To address these challenges, systematic studies were conducted

focusing on food matrix remodeling and sodium ion migration. Ultra-high-pressure processing and high-pressure
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homogenization were combined with exogenous proteins and polysaccharides to modulate protein conformation and
intermolecular interactions, while protein—polysaccharide sodium-loaded hydrogels were constructed. Spectroscopic,
microscopic, rheological, and simulated oral processing analyses demonstrated that protein unfolding, together with
enhanced hydrophobic interactions and disulfide cross-linking, promoted the formation of dense gel networks,
thereby improving gel strength, water-holding capacity, and structural stability in reduced-salt shrimp surimi and
Antarctic krill surimi. The sodium-loaded hydrogels enhanced saltiness perception and prolonged salty taste by
creating heterogeneous sodium distributions and regulating sodium release during oral processing. In addition,
physical processing in combination with exogenous proteins facilitated the release of volatile flavor compounds.
These findings reveal the relationships among matrix structure, sodium ion migration, and sensory quality, providing

a theoretical basis for the coordinated improvement of quality in reduced-salt aquatic gel foods.

Key words: Reduced-salt aquatic gel foods; Matrix structural remodeling; Protein—polysaccharide hydrogel;

Sodium ion migration; Saltiness perception
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Effect of Alternating Magnetic Field Frequency on the

Freeze-Thaw Process and Storage Quality of Tilapia

Fillets

Zhiyan Yang ' Aiguo Feng*?

School of Food Science and Engineering, Hainan University, Haikou 570228, Hainan, China

Abstract: To improve the freeze-thaw and frozen storage quality of tilapia fillets and to clarify the effect of
alternating magnetic field (AMF) frequency. Under 5 mT, tilapia fillets were frozen and thawed with an AMF at 50-
250 Hz, with no field as the control; the freezing curve, texture, water state and protein oxidation were determined,
and the optimal frequency was applied in an 84 d frozen storage experiment with the field applied throughout
freezing and storage (FS-MF), only during freezing (F-MF), or not at all (N-MF). Freezing at 200 Hz was optimal,
giving the shortest freezing time, small and uniform ice crystals and the least texture loss; thawing at 250 Hz was

optimal, reducing thawing time and loss and inhibiting protein oxidation; applying the field throughout storage
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retarded water loss, texture deterioration and protein and lipid oxidation. The AMF improves the freeze-thaw and
frozen storage quality of tilapia fillets, and freezing at 200 Hz and thawing at 250 Hz with the field applied

throughout storage is optimal.

Key words: Tilapia fillets; Alternating magnetic field frequency; Freeze-thaw; Storage quality; Ice crystal
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Collagen peptides against exercise-induced fatigue:
dual regulation of AMPK/PGC-1a and NRF2/HO-1
signaling

Xiaoyu Ma 1, Shuzhen Cheng 1*, Ming Du 1,2*
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(1. School of Food Science and Technology, Dalian Polytechnic University, National Engineering Research Center
of Seafood, Dalian 116034, China

2. College of Food Science and Engineering, Dalian Ocean University, Dalian 116023, Liaoning, China)

Abstract: Objective: To investigate the anti-fatigue activity of sheep skin collagen peptides (SSCPs)
and elucidate the underlying mechanisms, providing a theoretical basis for the high-value utilization
of collagen-rich processing by-products. Methods: A mouse exhaustive swimming model was
established with SSCPs gavage at 0.128 and 0.773 g/(kg-d). Fatigue and oxidative stress indices
were determined, and the AMPK/PGC-1a and NRF2/HO-1 pathways were dissected using qRT-
PCR, Western blotting and an H202-induced C2C12 model. Results: SSCPs were rich in arginine
and branched-chain amino acids. SSCP administration prolonged exhaustive swimming time by
55%, reduced serum LD, LDH and CK levels, increased slow-twitch fiber proportion and ATP
content, and upregulated AMPK and PGC-1la expression. Meanwhile, SSCPs enhanced NRF2
nuclear translocation, downregulated Keap-1, elevated SOD, GSH-Px and HO-1 expression,
reduced MDA accumulation, and ameliorated ROS generation, 8-OHdG formation and
mitochondrial dysfunction. Conclusion: SSCPs exert anti-fatigue effects by enhancing energy
metabolism via the AMPK/PGC-1a axis and attenuating oxidative damage via the NRF2/HO-1 axis,
showing potential as novel sports nutritional supplements.

Key words: collagen peptides; anti-fatigue; energy metabolism; oxidative stress; mitochondrial

function
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Collagen-derived Fe2+-chelating peptide: Key amino
acids for Fe2+ chelating and mechanisms for

enhancing cellular Fe2+ bioavailability

Shanting Lin

1. Guangxi Academy of Agricultural Sciences, Nanning, 530007

Abstract: This study aimed to identify the key amino acids and modes for chelation between
peptides and Fe?’, characterize the structural and morphological differences, and explore the

mechanisms by which peptide-Fe?" complexes enhanced cellular Fe?" bioavailability. The results
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demonstrated that the -Glu-Glu- motif played a crucial role in Fe*" chelation, adopting bidentate or
multidentate chelating mode. Interestingly, although the C-terminal hydrophobic residues (Gly, Leu,
Hyp, Pro) didn’t directly chelate with Fe?*, they played an essential role in stabilizing the peptide
conformation. Moreover, peptides and peptide-Fe** complexes exhibited different structures and
morphologies. Additionally, peptide-Fe** complexes significantly enhanced cellular Fe®"
transport/retention/utilization rate, increased intracellular ferritin levels, and modulated the
expression of DMT1, PCBP2, and FPN1 proteins. The improvement of Fe?" transport by peptide-
Fe’" complexes was mediated through multiple pathways including endocytosis, paracellular
pathway, and DMT1. These findings can provide valuable insights for the development of Fe?'-

chelating peptides as potential dietary iron supplements.

Key words: Fe?'-chelating peptide; key amino acids; Fe*" chelating mode; structural

characterization; cellular transport mechanism
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Effects of static magnetic field-assisted liquid
nitrogen and blast freezing on the quality and protein

oxidation of tilapia

Lixian', Aiguo Feng*?

1. School of Food Science and Engineering, Hainan University, Haikuo, 315832, Zhejiang; 2.XX

Abstract : This study investigated the effects of static magnetic field-assisted liquid nitrogen quick
freezing and air-blast quick freezing on the quality stability and myofibrillar protein conformation
of frozen tilapia fillets. Tilapia fillets were treated with liquid nitrogen quick freezing (LNF) and
air-blast freezing (BF) coupled with a static magnetic field of 85-105 mT respectively, and stored

at —18 °C for 12 weeks. Freezing parameters, physicochemical indicators and changes in protein
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structure were determined. The results showed that the static magnetic field shortened the freezing
time and the stage of maximum ice crystal formation, produced fine and uniform ice crystals,
alleviated tissue damage and reduced drip loss. The 85—105 mT static magnetic field-LNF group
had the lowest thawing loss (5.41%) and the highest water-holding capacity (75.46%). The static
magnetic field inhibited the accumulation of TVB-N and TBARS, slowed protein carbonylation and
sulfthydryl oxidation, and maintained the stability of the a-helix structure. In conclusion, static
magnetic field-assisted quick freezing can effectively delay the quality deterioration of tilapia fillets
during frozen storage and has promising application prospects in the preservation of high-value
aquatic products.

Key words: Tilapia fillets; Static magnetic field; Quick-freezing; Protein oxidation

This work was financially supported by the National Natural Science Foundation of China
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Cryoprotective and Antioxidative Natural Deep
Eutectic Solvents Protect Golden Pompano
(Trachinotus ovatus) Surimi During Freeze-Thaw
Cycles via Ice Crystal Modulation and Lipid/Protein

Oxidation Inhibition

Yao Chen', Qinxiu Sun *
! College of Food Science and Technology, Guangdong Ocean University, Guangdong Provincial Key Laboratory

of Aquatic Product Processing and Safety, Guangdong Province Engineering Laboratory for Marine Biological
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Products, Guangdong Provincial Engineering Technology Research Center of Seafood, Key Laboratory of

Advanced Processing of Aquatic Product of Guangdong Higher Education Institution, Zhanjiang, 524088, China.

Abstract: This study evaluated the protective effects of betaine-based natural deep eutectic solvents (NADES),
which possess both antifreeze and antioxidant properties, on fish paste during freeze-thaw cycles. The iron ion
reduction capacity, ABTS* radical scavenging activity, and ice recrystallization inhibition activity indicated that,
among the 15 ternary NADES systems, betaine-proline-glucose (BPG), betaine-proline-sorbitol (BPS), and betaine-
proline-glycerol (BPY) exhibited the most effective antioxidant and ice crystal inhibition properties. Among these,
BPG demonstrated the highest glass transition temperature and the shortest T relaxation time (P < 0.05), indicating
the strongest restriction on water migration. Compared with the control group, BPG reduced thawing loss in fish
paste by approximately 22.8% and increased water-holding capacity by 7.5%; the ice crystals were smaller and more
evenly distributed, thereby minimizing damage to fish paste quality caused by ice crystals. Additionally, the BPG
group exhibited the lowest malondialdehyde (MDA) content and the highest total thiol content (P < 0.05), effectively
inhibiting oxidative damage to lipids and proteins in the fish paste. In summary, BPG-type NADES is a highly
promising natural cryoprotectant for freeze-thawed fish paste.

Key words: Natural deep eutectic solvents; Golden pompano surimi; Freeze-thaw cycles; Ice recrystallization;

Oxidative stability
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Chitosan-mediated surface reconstruction of
composite gel beads: Enhanced regeneration
performance and quality preservation of seaweed

juice concentrates

Zuomiao Yang', Hang Qi**
1. School of Food Engineering, Beibu Gulf University, Qinzhou 535011, Guangxi, China; 2. School of Food

Science and Technology, Dalian Polytechnic University, Dalian 116034, Liaoning, China

Abstract: [Objective] To improve the structural stability, adsorption selectivity, and cyclic

regeneration performance of polysaccharide composite gel beads during Pb?* removal from different
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seaweed concentrates, chitosan surface modification was performed on three ternary composite gel
bead systems: sodium carboxymethyl cellulose—sodium alginate—phycocyanin, carboxymethyl
cellulose—sodium alginate—fish skin collagen, and sodium carboxymethyl cellulose—sodium
alginate—zein. [Methods] Chitosan-based surface modification was carried out and systematically
evaluated through multi-scale microstructural characterization, static adsorption experiments, and
cyclic regeneration tests, with the application performance assessed in real seaweed concentrate
systems. [Results] Chitosan constructed a protective layer on the gel surface and reconstructed the
crosslinked network, enhancing thermal stability and acid—alkali resistance. The introduced amino
groups improved Pb?* adsorption capacity and mitigated matrix interference. After treatment, the
lead content of the seaweed concentrates met the national food safety standard, and the cyclic reuse
performance of the materials was significantly improved. [Conclusion] Chitosan surface
modification effectively optimized the performance of polysaccharide-based composite gels,
providing technical support for the green removal of lead from seaweed-based products.

Key words: chitosan modification; composite gel beads; Pb(Il); seaweed juice concentrate;

adsorption
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Chitosan-aromatic aldehyde Schiff base: synthesis,
characterization and application in magnetic-field-
assisted refrigerated preservation of golden pompano

(Trachinotus ovatus)

Lin Hongping', Liu Zhongyuan®*
College of Food Science and Engineering, Hainan University, Haikou, China, 570228
Abstract: In this work, chitosan (CS) was reacted with vanillin (VA), syringaldehyde (SY) and 5-hydroxyvanillin
(HV) via Schiff-base reaction to prepare three aromatic aldehyde-modified chitosan derivatives (CS-g-VA, CS-g-SY,

CS-g-HV). Fourier transform infrared spectroscopy, 'H nuclear magnetic resonance spectroscopy, ultraviolet
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spectroscopy, and fluorescence spectroscopy confirmed that aromatic aldehydes were successfully covalently grafted
onto chitosan molecular chains. In vitro antioxidant and antibacterial tests showed that the modified derivatives
possessed favorable antioxidant and antibacterial activities in a concentration-dependent manner. Among them,
CS-g-HV emerged as the optimal candidate, with DPPH and ABTS radical scavenging rates of 95.14% and 89.65%,
respectively, at 1.0 mg/mL. The CS-g-HV modified coating was applied in the refrigerated preservation of golden
pompano. It could inhibit pH value rise, spoilage bacteria growth and total volatile basic nitrogen accumulation, and
well maintain the texture properties and water stability of fish fillets. Furthermore, the combined treatment with 3
mT static magnetic field exerted a synergistic preservation effect on fillet quality. This work provides theoretical
basis and technical support for the research and development of green preservation materials for aquatic products.
Keywords: Chitosan; Aromatic aldehydes; Schiff base reaction; Golden pompano; Preservation

Funding: National Natural Science Foundation of China (Grant No. 32402196)
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Efficient iodide adsorption by chitosan—
polyethyleneimine functional materials: Mechanisms

and applications in concentrated seaweed juices

Yu Liu!, Hang Qi'*

1. College of Food Science and Technology, Dalian Polytechnic University, Dalian, 116034, Liaoning.

Abstract: A lightweight, compressible amino-functionalized porous adsorbent, prepared through glutaraldehyde
(GA)-mediated crosslinking of chitosan (CS) and polyethyleneimine (PEI), was denoted as CS-PEI-GA for efficient

iodide removal. The preparation parameters were optimized to improve structural stability and adsorption
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performance. The structural, thermal, and morphological characteristics of the adsorbent were characterized by
Fourier transform infrared spectroscopy (FT-IR), X-ray diffraction (XRD), thermogravimetric analysis (TGA), and
scanning electron microscopy (SEM). The adsorbent exhibited a maximum adsorption capacity of 1.12 £0.01 mmol
g-1. The adsorption kinetics and equilibrium isotherms were best described by the pseudo-second-order and
Freundlich models, respectively. Thermodynamic analysis, together with FT-IR and X-ray photoelectron
spectroscopy (XPS) results, suggested that iodide adsorption involved electrostatic attraction between protonated
amino groups and iodide ions, with additional contributions from hydrogen bonding. Application of the adsorbent
for treating concentrated seaweed juices achieved 21.52 + 0.74%—45.77 + 2.73% iodide removal, with minimal
impact on color. Post-adsorption characterization revealed changes in surface morphology and minor co-adsorption
of mineral components. These findings highlight the potential of the CS-PEI-GA porous material as an efficient
adsorbent for iodide removal.
Key words: Amino-functionalized adsorbent; Chitosan-polyethyleneimine; porous material; lodide adsorption;
Adsorption mechanism
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Study on the structural evolution of chitosan-casein
complexes and the stabilization of Pickering

emulsions

Lin Sihao'?, Wei Ya?, Pan Chuang®’, Zhao Yonggiang’

(1.College of Food Science, Shanghai Ocean University, Shanghai 201306, China
2. South China Fisheries Research Institute, Guangzhou 510300, China)

Abstract: To develop a stable composite biomacromolecular emulsifier, this study investigate
d the complexation mechanisms of four chitosan samples with varying degrees of deacetyl
ation and three proteins. The 70% deacetylated chitosan-casein combination was identified

as the optimal pair. The interaction of this combination was studied, the mechanism by w
hich it stabilizes Pickering emulsions was explored, and the astaxanthin encapsulation effici
ency of the 70% deacetylated chitosan-casein Pickering emulsion was determined under dif
ferent conditions. Zeta potential, particle size, Fourier transform infrared spectroscopy, emul
sion storage stability, and scanning electron microscopy results indicated that chitosan alter
ed the protein molecular structure and combined with the protein through electrostatic inter

actions and hydrogen bonds. Among them, the emulsion formed by 70% deacetylated chito
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san-casein was the most stable, with an emulsification index of 0.89. At a complex ratio

of 1:1, the proportion of B-sheet structure was 25.4%, representing the highest order in se
condary structure, and the microstructure exhibited a loose, porous, and continuous morpho
logy, identifying it as the optimal complex ratio. Centrifugal stability results showed that t
he emulsion prepared with 70% deacetylated chitosan-casein under 60% oil phase conditio
ns was the most stable one, with a centrifugal stability coefficient of 0.78. Astaxanthin en
capsulation results showed that the encapsulation efficiency of the 70% deacetylated chitos
an-casein Pickering emulsion was 95.42%=+2.2%, which was higher than that of single chit
osan or single casein. The study indicates that the 70% deacetylated chitosan-casein compl
ex is an excellent solid emulsifier for Pickering emulsions. The degree of deacetylation an
d the polysaccharide-protein ratio can modulate intermolecular interactions and protein seco
ndary structure to enhance emulsion stability. This system demonstrates high astaxanthin en
capsulation efficiency and strong stability, providing theoretical and experimental references
for the development of green biomacromolecular delivery vehicles for lipophilic active sub
stances.

Keyword: chitosan; deacetylation; protein; Pickering emulsion
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Mechanical Cues from Edible Microcarriers Regulate

the Rapid Expansion and Differentiation of Fish Cells
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Hongwei Zheng!?*, Xuan Zhou!, Changhu Xue!?

1. State Key Laboratory of Marine Food Processing and Safety Control, College of Food Science and Engineering,
Ocean University of China, Qingdao 266404, China

2. Qingdao Institute of Marine Bioresources for Nutrition & Health Innovation, Qingdao 266109, China

Abstract: Directed control of cell fate is essential for efficient cultured fish meat production and quality development.
RGD-modified sodium alginate hydrogel substrates were first used to investigate mechanosensing in muscle stem
cells from large yellow croaker (Larimichthys crocea). Inhibition of cytoskeletal contractility showed that the
cytoskeleton contributes to stiffness-dependent cell spreading. Stiffness-dependent changes in integrin-associated
adhesion signaling and YAP nuclear localization suggested transmission of mechanical stimuli from cell-substrate
interfaces to the nucleus. To examine cellular responses in three-dimensional mechanical microenvironments, edible
microcarriers with independently tunable stiffness and pore size were fabricated to evaluate cell expansion,
differentiation, and nutrient deposition. Increasing microcarrier stiffness promoted cytoskeletal remodeling and YAP
nuclear translocation, with stiffness-dependent shifts in differentiation and nutrient composition. High stiffness
promoted myogenic differentiation and enrichment of essential amino acids and omega-3 fatty acids, whereas low
stiffness promoted adipogenic differentiation and lipid accumulation. Porous structures improved cell adhesion
under low-stiffness conditions, while large pores promoted cell expansion and myotube maturation at high stiffness,
providing space for microtissue development. Edible macroporous microcarriers supported continuous, stepwise
expansion of muscle and adipose-derived cells up to a 5-L bioreactor. The resulting mature microtissues were used
for three-dimensional printing of cultured fish fillets. These findings identify microcarrier mechanics as a regulator
of cell fate and nutrient deposition and provide design principles for efficient tissue construction and quality control

in cultured fish meat.

Keywords: Edible microcarriers; Mechanical microenvironment; Cell fate; Nutrient deposition; Cultured fish meat
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Exploration and mechanism study of uric acid

lowering peptides in the head of Procambarus clarkii

Li Jun!, Peng Jinming!, Duan Dengle', Yang Wenhua!, Xu Yujuan', Xiao Gengsheng!
1. College of Light Industry and Food, Zhongkai University of Agriculture and Engineering/Key Laboratory of
Green Processing and Intelligent Manufacturing of Lingnan Specialty Food, Ministry of Agriculture and Rural

Affairs/Guangdong Provincial Key Laboratory of Lingnan Specialty Food Science and Technology, Guangzhou
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510225, China

Abstract Crayfish heads, a processing by-product, were used to prepare xanthine oxidase (XOD)-inhibitory peptides
via ultrasound-microwave-assisted alkaline protease hydrolysis. After ultrafiltration, a high-activity fraction (F3)
was obtained, from which four novel peptides—WSPDAPF, SGGPWRPL, WTPDAPF, and DWSPPYPT—were
identified, with ICso values of 2.00-2.33 mmol/L. Molecular docking revealed that the peptides stably bind to the
XOD active pocket through hydrogen bonds and hydrophobic interactions with key residues (Leu257, 11e353,
Val345), with tryptophan residues playing a critical role in activity. In hyperuricemic HK-2 cells, all four peptides
(0.1-2 mM) significantly reduced intracellular uric acid without cytotoxicity; WTPDAPF showed the best efficacy
(63.54% reduction), comparable to allopurinol. Mechanistically, the peptides downregulated GLUT9 and
upregulated HPRT1 and OAT1 expression to reduce reabsorption and promote excretion, while also attenuating
inflammatory cytokines (IL-1p, IL-6, TNF-a, MCP-1) and reactive oxygen species levels. Zebrafish experiments
further confirmed that WTPDAPF (30-60 pug/mL) effectively decreased uric acid and XOD activity, improved
oxidative stress markers (MDA, SOD), and consistently modulated the above transporters. This study elucidates the
multi-target uric acid-lowering mechanism of crayfish head-derived peptides, providing a scientific basis for their
high-value utilization and functional food development.

Key words: Procambarus clarkii; Peptide; Xanthine oxidase; Reduce uric acid; mechanism research
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Space electric field-assisted refrigeration attenuates
quality deterioration in abalonemuscle: a multi-
dimensional insight into microbial succession and
metabolic remodeling

Shanyu Wang'-?, Meili Zheng'-?, Yong Sun?, Qi Liu?, Yong Xue', Rong Cao**
1. College of Food Science and Engineering, Ocean University of China, Qingdao, 266003, Shandong; 2.
Department of Food Engineering and Nutrition, Yellow Sea Fisheries Research Institute, Chinese Academy of

Fishery Sciences, Qingdao, 266071, Shandong.
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Abstract: [Objective] Abalone is a premium shellfish that is highly susceptible to quality
deterioration during refrigerated storage. This study evaluated whether space electric field (SEF)
technology could delay quality loss in abalone muscle stored at 4 °C for 12 days. [Methods] A
combined sensory, physicochemical, microbial, volatile, and untargeted metabolomic analysis was
conducted. [Results] Conventional cold storage induced a sequential deterioration cascade
encompassing early protein hydrolysis, subsequent membrane phospholipid degradation, and late-
stage tricarboxylic acid (TCA) cycle blockage accompanied by oxidative stress, along with the
proliferation of Mycoplasma that displaced the inherent Psychrobacter. In contrast, SEF extended
the sensory shelf life from 9 to 12 days. This protective effect was not attributed to alterations in
metabolite classes or microbial species identity, but rather to a deceleration of deteriorative
processes: protein hydrolysis and membrane lipid degradation were delayed, the accumulation of
TVB-N, TBARS, and a-ketoglutarate was reduced, and umami amino acids and polyunsaturated
fatty acids (PUFAs) were better retained. SEF also maintained the inherent dominance of
Psychrobacter while suppressing the proliferation of Mycoplasma. Mantel analysis further
revealed weakened coupling among deteriorative factors under SEF, indicating coordinated
regulation of microbial ecology and metabolic stability. [Conclusion] These findings position SEF -

assisted refrigeration as a promising clean-label strategy for premium shellfish products.

Key words: Space electric field; Abalone; Refrigerated storage; Microbial community; Untargeted

metabolomics
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Quality Analysis and Flavor Changes in Rapid
Fermentation of Salt-Free Shrimp Head Byproduct
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Abstract: [Objective]: To investigate the rapid salt-free fermentation process and flavor formation characteristics of
shrimp head by-products from Litopenaeus vannamei and Procambarus clarkii, and to provide a technical basis for
their high-value utilization. [Methods]: Basic physicochemical properties, taste-related indicators including free
amino acids, organic acids, and nucleotides, and aroma-related indicators including volatile compounds were
analyzed during fermentation. [Results]: The pH and total sugar contents of both groups decreased significantly
during fermentation, whereas amino nitrogen generally accumulated. Soluble protein in the L. vannamei group
continuously increased, reaching 21.88 mg/mL at 72 h, whereas that in the P. clarkii group peaked at 18.49 mg/mL
at 24 h and subsequently decreased. The initial free amino acid content of the L. vannamei group (6810.09 mg/100
mL) was approximately three times that of the P. clarkii group (2351.34 mg/100 mL), with a higher proportion of
umami amino acids. Glutamic acid, valine, alanine, and arginine were the major taste-contributing amino acids
shared by both groups. Fermentation promoted organic acid accumulation, with lactic acid and succinic acid being
the major common organic acids. It also improved the nucleotide profile by increasing the proportion of umami-
related nucleotides and decreasing that of bitter-tasting nucleotides. Fermentation reduced off-flavor compounds
such as hexanal and 1-octen-3-ol, while promoting the formation of aroma compounds including 2-methylbutanal,
3-(methylthio)propanal, phenylacetaldehyde, and pyrazines, resulting in more similar flavor profiles between the
two groups.[Conclusion]: Hydrolysis with a flavor protease preparation followed by Lactiplantibacillus plantarum
fermentation effectively improved the taste and aroma characteristics of shrimp head by-products. L. plantarum is
therefore suitable for flavor modification of fermented shrimp head seasonings, providing a technical basis for the
high-value utilization of shrimp head by-products from L. vannamei and P. clarkii.

Keywords: shrimp head by-products; salt-free; fermentation; quality; volatile flavor compounds
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A novel cold-adapted ulvan lyase in polysaccharide
lyase family 24 enables enzymatic production of ulvan

oligosaccharides

Mei He, Jingjing Shen*,Yongna Wang, Xiuzi Wang,Ziyi Xu

College of Food Science and Engineering, Ningbo University , Ningbo, 315832, Zhejiang

Abstract :Ulvan is a sulfated polysaccharide with considerable potential for high-value utilization,
whereas its enzymatic conversion is limited by the scarcity of well-characterized ulvan lyases,

particularly those in the PL24 family. Herein, a novel PL24 ulvan lyase, Uly24Fy, was identified
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and biochemically characterized. Uly24Fy shared only 41.82% sequence identity with known PL24
enzymes and formed a distinct phylogenetic clade. The optimal activity of the recombinant purified
enzyme was observed at 35 °C and pH 7.5 while retaining high activity at low temperatures,
indicating a cold-adapted catalytic characteristic. Product analysis demonstrated that Uly24Fy acts
in an endolytic manner and mainly generates ulvan disaccharides and tetrasaccharides. Molecular
docking and molecular dynamics simulations suggested that substrate binding and catalysis involve
a series of basic and polar residues. This study expands the functional diversity of the PL24 family

and provides a promising enzymatic tool for the production of ulvan oligosaccharides.

Key words: Ulvan lyase; PL24; Uly24Fy; product analysis; molecular dynamics simulation
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Effects of Freezing Methods and Pretreatments on
Anthocyanin Degradation Kinetics and Their

Application in Aquatic Products Quality Preservation
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Abstract: [Objective] To investigate the effects of freezing methods, color-preserving pretreatments, and freeze-
thaw cycles on the degradation kinetics, color stability, and antioxidant activity of anthocyanins during frozen storage
at -18°C for 180 days, and to provide theoretical support for natural pigment preservation and cold chain quality
control in aquatic product processing. [Methods] Purple cabbage, rich in cyanidin-3-O-glucoside (C3G), was used
as a model food system. Four freezing methods (-20°C, -40°C, -80°C, and liquid nitrogen freezing) and three freeze-
thaw cycles (1, 3, 5 times) were compared. A first-order kinetic model was applied to quantify degradation
parameters. [Results] Liquid nitrogen freezing (-196°C) maintained cell compartmentalization by forming fine and
uniform ice crystals, achieving the highest anthocyanin retention (75%-85% after 180 days), the lowest degradation
rate constant (k=1.6x1073 day '), and the longest half-life (ti/>= = 433 days), significantly outperforming conventional
-20°C freezing (28%-40% retention, k=8.5x107 day'). Repeated freeze-thaw cycles accelerated degradation via ice
crystal recrystallization (Ostwald ripening), with k increasing by 6.8 folds after 5 cycles. Citric acid pretreatment
showed the best comprehensive color-preserving effect. [Conclusion] Freezing rate is the critical parameter
determining anthocyanin frozen stability, and constant cold chain temperature is essential. The established
degradation kinetics model and color-preserving strategy can be extended to aquatic product processing, providing
methodological reference for precision freezing preservation and cold chain quality control of aquatic products rich

in astaxanthin (crustaceans) or myoglobin (fish).

Key words: freezing preservation; anthocyanin; degradation kinetics; color-preserving pretreatment; aquatic

product processing
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Effects of Freeze Drying and Spray Drying on Flavor
Characteristics of Enzymatic Hydrolysate Powder

from Meretrix lyrata

JIANG Rong!'?, WANG Yuou'?, OU Zuoluan'?, GAO Jialong!3, CHEN Zhonggin'**, TAN
Mingtang!*3, CAO Wenhong'***
(1. Shenzhen Research Institute, Guangdong Ocean University, Shenzhen 518120, China; 2. College of Food
Science and Technology, Guangdong Ocean University, Zhanjiang 524088, China; 3. Guangdong Provincial Key

Laboratory of Aquatic Product Processing and Safety, Zhanjiang 524088, China)

Abstract : [Objective] To investigate the effects of drying methods on the quality characteristics of
Meretrix lyrata hydrolysate powder. This study provides theoretical support for high-value-added
processing and flavor optimization of shellfish hydrolysate powder. [ Methods] Hydrolysate
powders of Meretrix lyrata were prepared by freeze-drying (FD) and spray-drying (SD). Their
physicochemical properties, non-volatile taste-active substances and volatile flavor characteristics
were compared. [Results] SD powder showed a smaller particle size ((257.10 + 4.60) nm) and
compact texture. High-temperature-induced Maillard reaction significantly deepened its color. FD
powder presented a loose and porous structure. On a dry-weight basis, the contents of total free
amino acids (269.00 mg/g), umami amino acids (38.03 mg/g) and taste-active nucleotides (118.25
ng/g) in FD group were significantly higher than those in SD group. Succinic acid, betaine, Na*, K*
and other inorganic ions were enriched in SD group. Electronic-tongue analysis recorded
significantly higher response values of FD group in umami, richness and astringency. Electronic
nose, gas chromatography-ion mobility spectrometry (GC-IMS) and gas chromatography-mass
spectrometry (GC-MS) detected more prominent native seafood aroma (alcohols, esters, sulfur-
containing compounds) in FD powder. Thermal reactions in SD powder produced pyrazines and
aldehydes with strong roasted flavor. [ Conclusion JFreeze-drying exhibited advantages in retaining
natural taste-active and flavor substances. It is suitable for high-end seafood flavor-base materials
and functional foods with strict flavor requirements. Spray-drying delivers high production

efficiency and favorable thermal-processed flavor. It fits industrial production of condiments, instant
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foods and meat products.
Key words: Meretrix lyrata; enzymatic hydrolysate powder; freeze drying; spray drying; taste

substances; flavor
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Complex from Kjellmaniella crassifolia
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Abstract:In this study, phenolic-polysaccharide complex (KC-PPC) was extracted from cultivated
Kjellmaniella crassifolia collected in Lvshun area via alkali-assisted extraction combined with
fractional ethanol precipitation. Response surface methodology was adopted to optimize the
extraction process, and the optimal conditions were determined as follows: alkali concentration of
2.5%, solid-liquid ratio of 1:55 (g/mL), extraction temperature of 65 °C and extraction time of
320 min. Three purified fractions (F1, F2 and F3) were obtained by DEAE anion-exchange
chromatography. Structural characterization was performed using UV-Vis, FT-IR, HPGPC, NMR
and SEM. The results showed that all fractions were dominated by polysaccharide backbones, with
differences in monosaccharide configuration and sulfation modification. In-vitro antioxidant assays
demonstrated that KC-PPC and its purified fractions possessed free-radical-scavenging capacity,
and F2 exhibited the strongest antioxidant activity.

A D-galactose-induced aging mouse model was established to evaluate the anti-aging activity of
the purified phenolic-polysaccharide fractions. The results indicated that the samples could alleviate
the decline in body weight and organ index of aging mice, reduce serum inflammatory factor levels,
relieve hepatic oxidative damage, improve hepatic pathological lesions, and regulate age-related gut
microbiota dysbiosis. Fractions F2 and F3 showed more prominent intervention effects. In
conclusion, the purified fractions of Kjellmaniella crassifolia phenolic-polysaccharide complex
possessed diverse structures. F2 and F3 displayed favorable anti-aging activity, which was closely
related to polyphenol content, sulfation level and polysaccharide backbone. This study provides
theoretical support for the development of anti-aging functional foods.

Key words: Kjellmaniella crassifolia; phenolic-polysaccharide complex; abstract;structural

characterization;anti-aging;
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Low-temperature live-holding technology and

physiological metabolic responses of Trachinotus

ovatus
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Abstract: To reduce losses during live-fish distribution, this study investigated the physiological and metabolic basis
of delayed mortality under suitable holding conditions and the eventual failure to sustain survival in golden pompano
(Trachinotus ovatus). Salinity screening, progressive cooling and untargeted liver metabolomics were combined to
evaluate survival and physiological and metabolic responses. A salinity of 26%o and a temperature of 21 °C were
identified as suitable holding conditions within the tested range. Whole-process mean survival maintenance time at
21 °C was 19.33 h longer than at 29 °C. After 24 h of holding, the 21 °C group showed trends towards higher relative
abundances of selected unsaturated fatty acids and lower abundances of phospholipid-related metabolites than the
25 °C group, suggesting that lipid adjustments may contribute to low-temperature live holding. At 21 °C, moribund
fish had significantly lower relative abundances of selected unsaturated fatty acids and inosine and higher methionine
sulfoxide than fish sampled after 24 h, indicating that changes in lipid, nucleoside and oxidation-related metabolism
accompany physiological destabilization. These findings provide clues for investigating the mechanisms underlying
low-temperature survival maintenance and its eventual failure, and inform holding management and loss reduction

during live-fish distribution.

Keywords: Trachinotus ovatus; low-temperature holding; survival maintenance; moribund state; metabolomics
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Effects of Tilapia Variety Differences on Nutritional
Quality and Protein Structural and Functional

Property Differences

Yuhang Li!, Ziyue Zhang?

1. School of Food Science and Engineering, Hainan University , Haikou, 570228, China

Abstract :In this study, fresh sea red tilapia (Oreochromis spp, SRT), fresh water red tilapia (Oreochromis spp, FRT),
common black tilapia (Oreochromis niloticus, FBT) and crisp tilapia (Oreochromis niloticus, FCT) were used to
investigate the effects of variety differences on raw material characteristics and protein structure and function. The
results showed that SRT had high contents of crude protein, vitamin E, functional fatty acids such as EPA and DHA,
and minerals such as calcium and sodium; FCT had relatively high umami amino acid content and good protein

structural integrity. FRT was rich in crude fat, vitamin A, iron, and selenium. FBT had the highest moisture content
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and the poorest protein structural stability. FBT showed the highest myofibrillar protein solubility (75%), whereas
FCT had the lowest myofibrillar protein solubility (35%) but the highest total and active sulfhydryl contents (73
umol/g/32 umol/g); SRT had the lowest total and active sulthydryl contents (42 umol/g/16 umol/g); and FRT
exhibited intermediate levels in various processing properties. In conclusion, variety differences determine the basic
nutritional quality and structural characteristics of raw materials, and protein functional properties are closely related
to variety-specific structural characteristics. These findings provide a theoretical basis for the quality evaluation and
targeted processing utilization of tilapia varieties.

Key words: Tilapia; Variety differences; Nutritional quality;Protein structure;Functional properties;Processing

characteristics
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Capelin Roe Phospholipids Reshape Fatty Acid
Profiles and Alleviate Hepatic Oxidative Stress and
Lipid Deposition in High-Fat Diet-Fed Mice

Hao Li "2, Mingyu Yin ' **, Xichang Wang ! 2*
! 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] To clarify the mechanisms by which capelin roe phospholipids (CPL)

ameliorate high-fat diet (HFD)-induced lipid metabolic disorders and hepatic injury in mice.

[Methods] C57BL/6 mice were assigned to control, model, 1.0% and 2.0% CPL, 2.0% egg yolk and
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2.0% soybean phospholipid groups; phenotypes, glucose tolerance, serum lipids, hepatic oxidative
stress and histopathology were determined and integrated with fatty acid profiling and hepatic
transcriptomics. [Results] 2.0% CPL markedly reduced body weight gain, waist circumference,
BMI, serum and hepatic lipids, improved glucose tolerance, elevated hepatic SOD, GSH-Px and
CAT activities while lowering MDA, and alleviated hepatic steatosis and adipocyte hypertrophy.
CPL decreased monounsaturated fatty acids and increased n-3 polyunsaturated fatty acids, up-
regulated Gpx3 and Gpx8 and down-regulated Scd and other lipogenic genes, outperforming egg
yolk and soybean phospholipids at the same dose. [Conclusion] CPL improves HFD-induced
metabolic disorders by suppressing lipogenesis, enhancing antioxidant defence and remodelling
fatty acid composition, and is a promising marine-derived functional food ingredient.

Key words: Capelin roe phospholipids; High-fat diet; Lipid metabolism disorder; Oxidative stress; Fatty acid
remodeling

Funding: National Key Research and Development Program of China (Grant No.
2023YFD2401503)

First author: Yin Mingyu, male, PhD, Lecturer. Research interests: marine bioactive lipids and
lipidomics, lipids and nutritional quality of aquatic products. Tel: 17849012574; E-mail:
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The concentration-dependent impact of quorum-
sensing signal molecule 2-phenylethanol on the flavor
metabolite profile of Lactiplantibacillus pentosus 1 in

a simulated sour fish system
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Yumeng Dou!, Pei Gao'*, Qixing Jiang', Shuhan Yang', Xiaojing Zhang', Peipei Yu', Fang Yang',
Shaoquan Liu??, Wenshui Xia'
1. State Key Laboratory of Food Science and Resources, Collaborative Innovation Center of Food Safety and
Quality Control, Jiangnan University, Wuxi, 214122, Jiangsu; 2. Department of Food Science and Technology,
National University of Singapore, Singapore, 117546, Singapore; 3. National University of Singapore (Suzhou)

Research Institute, Suzhou, 215123, Jiangsu

Abstract: 2-Phenylethanol (2-PE) is a quorum-sensing signal molecule-that influences microbial
metabolism, but its role in lactic acid bacteria (LAB) fermentation remains underexplored. This
study investigates the effect of 2-PE concentrations on Lactiplantibacillus pentosus 1 (Lp 1)
fermentation in a simulated sour fish system. Analyses of bacterial growth, residual sugar, organic
acid, and volatile flavor compounds were combined with metabolomics. Results demonstrated that
low to moderate concentrations of 2-PE inhibited Lp 1 growth and certain metabolic functions,
while high concentrations induced adaptation, enhanced amino acid metabolism, and promoted
organic acid accumulation in the later stages. Notably, the 750 uM group exhibited the highest levels
of alcohols, aldehydes, and ketones. Further analysis revealed that 2-PE mainly affects pathways
related to amino acid metabolism/synthesis, the TCA cycle, and fatty acid biosynthesis. These
findings suggest that 2-PE, as a metabolic regulator, could be targeted to enhance the flavor of

fermented fish products.

Key words: sour fish fermentation; 2-phenylethanol; quorum sensing; flavor metabolism; Lactiplantibacillus

pentosus 1
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Molecular Dynamics Study on the Inhibition of Ice
Growth on Hexagonal Ice Facets by Xylan Chain

Length and Chemical Substitution

Youchuan Ma, Jia Yan, Hengyi Zhang, Yaqin Hu*

1. Hainan Tropical Ocean University, Sanya, Hainan 572022, China

Abstract: [Objective] The growth of ice crystals is a critical determinant of quality deterioration in frozen food,
where the cryoprotective behavior of hemicellulosic polysaccharides depends on their interaction with distinct facets
of hexagonal ice. However, a molecular-level understanding of how xylan chain length and chemical substitution
modulate facet-dependent ice growth remains incomplete. This study aims to elucidate the molecular mechanisms
by which xylan chain length and chemical substitution inhibit ice growth on hexagonal ice facets. [Methods] All-
atom molecular dynamics simulations (CHARMM?36/CGenFF, TIP4P-ice, 253 K, 70 ns) were performed for nine
xylan-type hemicelluloses—varying in degree of polymerization (DP 4, 8, 12), arabinosyl substitution, and O-
acetylation (3/6/9 acetyl groups)—adsorbed at the (100), (110), and (111) faces of ice Ih, corresponding to the basal,
primary-prism, and secondary-prism growth planes. Local order parameters (q6) and hydrogen-bond/energy
analyses over a 10-70 ns equilibrated window resolved the coupling between solute—water interactions and ice
growth kinetics. [Results] Facet anisotropy dominates: growth rate and equilibrium ice fraction follow (110) > (111) >
(100) across all nine structures, with the fast secondary-prism face amplifying structural differences. Among the nine
structures, Ac3Xylo12 (3-O-acetylated DP12 xylan) exhibits the strongest antifreeze activity, with the lowest growth
rate (13.6 mol/ns on the (110) face) and the lowest equilibrium ice fraction, followed by Ac9Xylo12 and Xylo8,
whereas Xylo4, Xylo12, and the arabinosylated xylans are least effective. A structure—activity relationship emerges:
chain length provides the adsorption capacity, solute—water hydrogen bonds scaling near-linearly with DP, while O-
acetylation monotonically strengthens per-residue electrostatic coupling (from -19.6 to -27.6 kJ/mol-res) and acts as
the dominant chemical switch for inhibition, yet suppression is non-monotonic on the (110) face (Ac3/Ac9 strong,
Ac6 weak), implicating competition between hydrophobic methyl groups and carbonyl dipoles; arabinosyl side
chains dilute interfacial polarity and weaken ice-face matching, yielding weak activity. [Conclusion] These findings
provide a structure—activity framework for designing acetylated xylan cryoprotectants in frozen food systems and

offer fundamental support for aquatic product freezing preservation technology.

Key words: molecular dynamic simulation, ice crystal growth, antifreeze
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Enzymatic Preparation of Oyster Anti-Fatigue
Peptides and Its In Vivo and In Vitro Activities

Evaluation

Chen Wen, Hu Xiao"
College of Food Science and Technology, Shanghai Ocean University, Shanghai, 200100; College of Food

Science and Technology, Shanghai Ocean University, Guangzhou, 510000

Abstract: This study takes the alleviation of exercise-induced fatigue as the starting point, and prepares anti-fatigue
oyster peptides using Crassostrea hongkongensis (Hong Kong oyster) as raw material. On the basis of single-factor
experiments, response surface methodology (RSM) was adopted to optimize the enzymatic hydrolysis process of

oyster peptides. With ABTs scavenging rate as the evaluation index, a quadratic regression model was established to
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determine the optimal enzymatic hydrolysis parameters. The effects of different modification methods and their
sequences on the in-vitro activity of oyster peptides were evaluated, and physicochemical property analysis was
carried out. Fourier transform infrared spectroscopy, ultraviolet spectroscopy and other techniques were used for
structural characterization of oyster peptides to deduce the key molecular structural features. A weight-loaded
swimming test in mice was performed to assess the in-vivo anti-fatigue activity of oyster peptides. Relevant
biochemical indicators were determined to reveal its anti-fatigue potential. This study can provide theoretical basis
and experimental support for the development and application of oyster-derived anti-fatigue active peptides.

Key words: anti-fatigue; response surface methodology; in vivo activity; in vitro activity
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Oyster-derived peptides and glycopeptides alleviate

lipid accumulation and structural characterization
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1.College of Food Science and Technology, Guangdong Ocean University, Zhanjiang 524088, China; 2.National

Research and Development Branch Center for Shellfish Processing, Zhanjiang 524088, China.

Abstract: Objective: To explore the natural active peptides and glycopeptides from oyster enzymatic
hydrolysates, and to investigate their hypolipidemic activity and structural characteristics. Methods:
Using enzyme inhibitory activity as a tracking indicator, the active fraction UF3-2 was isolated from
oyster hydrolysates via ultrafiltration and ion-exchange column chromatography. The
hypolipidemic activity of UF3-2 was evaluated at the enzymatic, cellular, and animal levels, and its
structural characteristics were identified using UPLC-MS/MS. Results: UF3-2 significantly
inhibited pancreatic lipase and cholesterol esterase activities, with ICso values of 0.5779 mg/mL and
1.335 mg/mL, respectively. In free fatty acid (FFA)-induced HepG2 cells, 50 pg/mL UF3-2 reduced
intracellular total cholesterol and triglyceride levels by 24.3% and 41.8% (p < 0.05), respectively.
gPCR results showed that UF3-2 downregulated the mRNA expression of SREBP-1¢, FASN, ACC,
PPAR-y, SREBP-2, and HMGCR, while upregulating the expression of PPAR-a and CPTIA.
Animal experiments demonstrated that UF3-2 alleviated excessive fat accumulation induced by a
high-fat diet and ameliorated dyslipidemia. UPLC-MS/MS identified UF3-2 as a complex fraction
containing both peptides and N-linked and O-linked glycopeptides. Conclusion: UF3-2 exerts a
hypolipidemic effect that is associated with the alleviation of abnormal lipid metabolism, exhibiting

potential for development as a functional food ingredient.

Keywords: Oyster; Active peptides; Glycopeptides; Hypolipidemic activity; Structural

characterization
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Improvement Effects and Comparative Study of
Lipids from South China Sea Characteristic Sea

Cucumbers on Kidney Injury in Hyperuricemic Mice
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Abstract: Hyperuricemia is an important risk factor for the development and progression of chronic
kidney disease. Holothuria atra and Stichopus hermanni are characteristic sea cucumber resources
from the South China Sea and are rich in various bioactive lipid-soluble components, suggesting
their potential hypouricemic and renoprotective effects. In this study, crude lipids were extracted
from Holothuria atra and Stichopus hermanni. A mouse model of hyperuricemia-associated renal
injury was established using a high-yeast diet combined with potassium oxonate and adenine gavage.
The protective effects of the two sea cucumber crude lipids against hyperuricemia and related renal
injury were systematically evaluated, and their differential effects were compared. The results
showed that the modeling procedure significantly increased serum uric acid levels in mice,
accompanied by impaired renal function, renal histopathological damage, and enhanced
inflammatory responses. Compared with the model group, intervention with both Holothuria atra
crude lipid and Stichopus hermanni crude lipid significantly reduced serum uric acid levels,
improved renal function, alleviated renal histopathological damage, and suppressed inflammatory
responses. Notably, Holothuria atra crude lipid exerted more pronounced effects than Stichopus
hermanni crude lipid in reducing serum uric acid levels, improving renal function, and alleviating
renal tissue injury. Collectively, lipids from characteristic sea cucumbers of the South China Sea
showed promising protective effects against hyperuricemia-associated renal injury, with differences
in efficacy between lipids derived from different sea cucumber species. These findings provide
experimental evidence for the further development of bioactive lipid components from characteristic
sea cucumber resources of the South China Sea and their high-value utilization.

Keywords: sea cucumber; functional lipids; hyperuricemia; renal injury; uric acid metabolism
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Ferritin-Ascorbic Acid Nanoparticles from Tegillarca
granosa Enhance Iron Bioavailability and Alleviate

Iron-Deficiency Anemia

Zhicheng Mao', Yulian Zhu', Tao Huang?, Wenge Yang?*, Bolun Sun'*
' School of Nursing, Wenzhou Medical University, Wenzhou 325035, Zhejiang, China
2 School of Food Science and Engineering, Ningbo University, Ningbo 315211, Zhejiang, China

Abstract: Objective: To construct ferritin—ascorbic acid nanoparticles (FANs) derived from Tegillarca granosa
ferritin and evaluate their in vitro iron bioaccessibility, cellular iron uptake, and therapeutic efficacy against iron-
deficiency anemia (IDA), thereby providing a theoretical basis for the development of novel marine-derived iron
supplements. Methods: FANs with different ferritin-to-ascorbic acid ratios were prepared using a pH-driven method.
Their physicochemical properties were characterized by particle size analysis, zeta potential measurement,
fluorescence spectroscopy, Fourier transform infrared spectroscopy (FTIR), circular dichroism (CD), and scanning
electron microscopy (SEM). Simulated gastrointestinal digestion, Caco-2 cell models, and uptake inhibition assays
were employed to investigate iron release behavior, bioavailability, and cellular uptake mechanisms. An IDA rat
model was established to evaluate the anti-anemia efficacy and biosafety of FANs through hematological,
biochemical, and iron metabolism-related analyses. Results: The formation of FANs induced conformational
rearrangement of ferritin, increased iron-binding sites, and exhibited sustained iron release during simulated
gastrointestinal digestion. Among the formulations, FANs (10:1) showed the highest iron bioavailability and
significantly enhanced iron uptake by Caco-2 cells, primarily through receptor-mediated endocytosis. In vivo, FANs
markedly improved hematological and biochemical parameters, restored systemic iron homeostasis, upregulated the
expression of intestinal iron transport proteins including DMT1, Dcytb, and FPN, and demonstrated superior anti-
anemia efficacy compared with FeSO4 while maintaining excellent biosafety. Conclusion: Ascorbic acid effectively
regulates the nanostructure of Tegillarca granosa ferritin, thereby enhancing iron release efficiency and
bioavailability. FANs exhibit excellent iron supplementation efficacy and biosafety, highlighting their promising
potential as marine-derived functional iron supplements and providing a new strategy for the high-value utilization
of marine biological resources.

Key words: Tegillarca granosa ferritin; Ascorbic acid; Ferritin—ascorbic acid nanoparticles; Iron-deficiency anemia;

Iron bioavailability
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Effect of cooking methods on the edible quality of
marinated Chinese soft-shelled turtle (Pelodiscus
sinensis)

Pan Changle', Chen Huaiyuan', Huang Tao'"

1. School of Food Science and Engineering, Ningbo University , Ningbo, 315832, Zhejiang

Abstract: This study investigated the effects of blanching, traditional cooking (TC), vacuum cooking
(VC), and high-pressure cooking (HPC) on the edible quality of marinated Chinese soft-shelled
turtle. It showed that the three thermal processing induced distinct color changes, with calipash
darkening and greening and leg meat lightening and yellowing. HPC produced the tenderest texture,
whereas VC best retained water-holding capacity and overall sensory acceptability of leg meat. The
in vitro digestion analysis showed that VC improved the calipash protein digestibility, while
blanching and TC optimized leg meat digestibility. E-tongue and e-nose combined with PCA
showed that VC presented the most balanced overall taste and odor profile. HS-SPME-GC-MS
characterized 130 volatile compounds, among which HPC generated the most abundant volatile
composition. OPLS-DA and odor activity value (OAV) analysis identified key flavor biomarkers
and core aroma-active compounds. Furthermore, molecular docking simulations revealed that five
key aroma molecules (OAV > 10: octanal, heptanal, nonanal, 1-octen-3-ol, and decanal) could
effectively bind to the active site of human olfactory receptor OR1A1, Collectively, VC provided
the best balance of edible quality, while HPC favored the development of highly tender, strongly
flavored products. These results offer a theoretical basis for optimizing processing techniques and
improving the quality of processed Chinese soft-shelled turtle products.

Key words: Chinese soft-shelled turtle; cooking methods; edible quality; protein digestibility;

flavor substance; molecular docking
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Thermal Processing Regulates Digestion Behavior and
Bioactive Peptide Release of Laminaria-Fortified Yak

Meat Systems

Yujiao Wang, Hang Qi”

School of Food Science and Technology, Dalian Polytechnic University, , Dalian, 116034, Liaoning.

Abstract: This study investigated the effects of different thermal processing methods on structural characteristics,
nutrient release, and digestion-derived bioactive peptide formation in Laminaria japonica-fortified yak meat
composite systems, providing insights into the high-value utilization of marine algae resources and functional food
development. Seaweed-yak meat patties were prepared using moist-heat and dry-heat treatments and evaluated using
the INFOGEST in vitro gastrointestinal digestion model. Protein digestibility, nutrient release, microstructural

changes, and peptide profiles were characterized through biochemical analyses, particle size measurement,
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microscopic observation, and LC-MS/MS-based peptidomics. The results showed that moist-heat treatment
promoted protein unfolding and hydration, generating an enzyme-accessible matrix with enhanced digestibility and
increased release of phenolics, carbohydrates, and calcium. In contrast, dry-heat treatment induced protein oxidation,
cross-linking, and aggregation, forming compact structures that inhibited enzymatic hydrolysis and nutrient release.
Peptidomic analysis revealed that moist-heat processing promoted the generation of short-chain peptides with
potential antioxidant and calcium-binding activities, whereas dry-heat processing resulted in lower peptide
bioaccessibility. Overall, thermal processing regulated the digestion behavior and functional properties of Laminaria
Jjaponica-fortified yak meat systems by modulating seaweed polysaccharide-protein interactions and matrix
structures. These findings provide a theoretical basis for the precise processing and development of marine algae-
enriched functional meat products.
Key words: seaweed-yak meat composite system; in vitro simulated digestion; nutrient release; structural
evolution; peptidomics
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Lysozyme-Chitosan Composite Particles:
Construction and Synergistic Antibacterial
Mechanisms against Typical Aquatic Spoilage

Bacteria

Ning Jin"2, Jun Zhang"?*, Shucheng Liu" %"
1College of Food Science and Technology, Guangdong Ocean University, Guangdong Provincial Key Laboratory of
Aquatic Product Processing and Safety, Guangdong Province Engineering Laboratory for Marine Biological
Products, Guangdong Provincial Engineering Technology Research Center of Seafood, Guangdong Provincial
Engineering Technology Research Center of Prefabricated Seafood Processing and Quality Control, Zhanjiang
524088, China

2Collaborative Innovation Center of Seafood Deep Processing, Dalian Polytechnic University, Dalian, 116034

Abstract: To improve the stability of free lysozyme (LYZ) and its limited activity against Gram-
negative bacteria, chitosan (CS)-based immobilized LYZ particles were prepared using phytic acid
(PA) or EDTA through aldehyde functionalization and Schiff-base crosslinking. After optimization,
the specific activities of CS-PA-LYZ and CS-EDTA-LYZ reached 53.12 and 55.76 U-mg™,
respectively. Immobilization increased the optimum temperature and pH to 40 °C and 5.0, and
enhanced LYZ stability under pH 4.0-8.0, high-salt, and 4°C storage conditions. The particles
showed sizes of approximately 7-8 pm and contact angles of 70°-85°, indicating favorable
interfacial wettability. PA and EDTA weakened the outer membrane barrier of Gram-negative
bacteria through ion chelation, improving LYZ accessibility to peptidoglycan and producing
synergistic antibacterial effects. Both particles exhibited effective antibacterial activity against
*Staphylococcus aureus®, *Escherichia coli*, *Pseudomonas®* spp., and *Shewanella™® spp. This
study provides a multifunctional antibacterial system with improved enzyme stability, Gram-
negative bacterial sensitization, and interfacial functionality for aquatic food preservation and active

packaging.

Keywords: Lysozyme; Chitosan; EDTA ; Phytic acid; Immobilized enzyme; Synergistic antibacterial
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Preparation of Litsea cubeba essential oil composite
film and its preservation performance for Siganus

guttatus

Liu guangyu', Hu zhiheng?, Hu yagin!”
1. College of Food Science and Engineering, Hainan Tropical Ocean University , Sanya, 572022, Hainan;

2. United Graduate School of Agricultural Sciences, Iwate University, Morioka, Iwate, 020-8550, Japan.
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Abstract: [Objective]Litsea cubeba essential oil (LCEO) was extracted using an enzyme-assisted steam distillation
method. Polyvinyl alcohol (PVA), fucoidan (FCD), and cellulose nanocrystals (CNC) were used as film-forming
materials to prepare PVA-FCD-LCEO composite films, and their mechanical and barrier properties were
systematically evaluated. The preservation efficacy of the composite films was investigated using Siganus guttatus
as a fish model during refrigerated storage at 4°C. [Methods] The composite films were prepared by the casting
method. Packaging performance was assessed by measuring mechanical strength, water vapor transmission rate, and
oxygen transmission rate. The freshness changes of fish during refrigeration were compared between the composite
film-treated group and the control group using total viable count (TVC), K value, total volatile basic nitrogen (TVB-
N), and thiobarbituric acid reactive substances (TBARS) as quality indicators. [Results] The results showed that
PVA-FCD-LCEO composite films exhibited favorable mechanical and barrier properties. Compared with the control
group, treatment with the composite films significantly inhibited microbial growth, delayed sensory deterioration,
and effectively slowed the increases in K value, TVB-N, and TBARS during storage. The control group reached the
end of its shelf life on day 6, with a TVC of 6.996+0.167log CFU/g, which was close to the spoilage threshold. In
contrast, the composite film-treated group extended the shelf life to day 12, with a TVC of 6.949+0.085log CFU/g,
and the TVB-N, K value, and TBARS remained significantly lower than those of the control group (p<0.05).
[Conclusion] PVA-FCD-LCEO composite films effectively delayed the quality deterioration of Siganus
guttatus during refrigerated storage and extended its shelf life by approximately 6 days compared with the control

group, demonstrating good application potential in the field of active packaging for aquatic products.

Key words: Litsea cubeba essential oil; Siganus guttatus; Active packaging; Aquatic product

preservation
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Comparative analysis of Fermentation Process and
Quality of Sauce with Raw and Cooked Abalone

Viscera

LI WEIHANI , SUN LECHANG* CHEN DANDANI1, LIN ZHAOMING2, SUN LECHANG*

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

Abstract: [Objective] This study aimed to investigate the effects of raw and cooked abalone viscera
on the physicochemical indices, protein degradation, and flavor formation during abalone sauce
fermentation, in order to provide a theoretical basis for the high-value utilization of abalone
processing by-products and the development of seafood sauce.[Methods] Soybean and wheat were
used as raw materials. After koji-making with Aspergillus oryzae, raw abalone viscera and cooked
abalone viscera were added separately, followed by semi-solid fermentation under saline conditions.
The protease activity of koji, pH, total acid, color intensity, non-salt solid content, reducing sugar,
TCA-soluble peptides, TBARS value, volatile basic nitrogen, and amino acid nitrogen were
measured. Combined with Tricine SDS-PAGE, free amino acid analysis, electronic nose, and
sensory evaluation, the effects of raw and cooked abalone viscera on sauce fermentation quality and
flavor were compared.[Results] With prolonged fermentation, the pH of both groups continued to
decrease, while total acid, color intensity, non-salt solid content, TCA-soluble peptides, TBARS
value, volatile basic nitrogen, and amino acid nitrogen generally increased. The raw abalone viscera
group had lower pH and higher total acid, color intensity, TCA-soluble peptides, TBARS value, and
amino acid nitrogen than the cooked abalone viscera group; the cooked abalone viscera group had
higher non-salt solid content after 75 days of fermentation. Free amino acid analysis showed that
the raw abalone viscera group had higher contents of total free amino acids and umami amino acids,
whereas the cooked abalone viscera group had increased contents of some bitter amino acids.
Tricine SDS-PAGE showed that both groups exhibited obvious low-molecular-weight
protein/peptide fractions during fermentation. The raw abalone viscera group had a 66.2 kDa band
and a more prominent 18.4 kDa band, whereas the cooked abalone viscera group lacked the 66.2
kDa band and showed a gradually deepening 25 kDa band. Electronic nose analysis indicated that

both groups showed prominent responses to nitrogen- and sulfur-containing volatile compounds,
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and the raw abalone viscera group showed stronger responses in the middle and late fermentation
stages. Sensory evaluation showed that the raw abalone viscera group had better overall
acceptability in color, odor, taste, and texture than the cooked abalone viscera group.[Conclusion]
Raw abalone viscera are more beneficial to improving the fermentation quality and flavor of abalone
sauce.

Keywords: Abalone viscera; Sauce fermentation; Aspergillus oryzae; Free amino acids; Flavor
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Research Progress on Functional Properties of Edible

Insects in Aquatic Food Processing and Feed

Yaqin Hu

College of Food Science and Engineering, Hainan Tropical Ocean University, Sanya, 572022

Abstract: [Objective] Global aquaculture faces dual pressures from fishmeal shortage and low utilization of
processing by-products. Edible insects, as novel sustainable protein sources, show great potential in aquatic feed and
food processing. [Methods] Based on multiple meta-analyses and authoritative experimental data, this review
systematically summarizes research progress of edible insects (Tenebrio molitor, Hermetia illucens, Acheta

domesticus, etc.) in aquaculture-related scenarios. [Results] Insect crude protein ranges 26.53%~91% (43.7% in
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Hermetia illucens larvae), with digestibility up to 92.53%, making it a high-quality fishmeal alternative. Dietary
supplementation with microalgae or fish viscera enables directional enrichment of DHA and -3 fatty acids (up to
13.7% in silkworm pupae). Insect-derived chitosan (15-76 kDa) exhibits minimum inhibitory concentrations as low
as 0.03%~0.06% against aquatic pathogens and >90% inhibition against ring rot pathogens at 0.5%, suitable for
biodegradable preservative films. Enzymatic hydrolysates (e.g., antioxidant and ACE-inhibitory peptides from
tussah pupae) show free radical scavenging, lipid oxidation inhibition, and anti-inflammatory activities, delaying
quality deterioration in stored aquatic products. [Conclusion] Edible insects have clear application prospects in
replacing fishmeal protein, enriching functional lipids, developing chitosan-based edible films, and producing
antioxidant peptides, though bottlenecks such as standardized quantification, clinical/feeding validation, and
integrated co-production need to be addressed.

Key words: Edible insects; Aquatic food; Protein replacement; Chitin; Fatty acid regulation; Bioactive peptides
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Effect of dual-frequency ultrasound-assisted curing

on the quality of roasted catfish meat

Zhu Beibei, Zhou Nannan, Gao Ruichang Gao

1. School of Food Science and Engineering, Jiangsu University, Zhenjiang 212013, Jiangsu

Abstract: Objective: To investigate the effects of multi-frequency ultrasonic-assisted brining on the brining
efficiency and roasting quality of channel catfish. Methods: Using traditional brining as the control, the ultrasonic
brining parameters were optimized and screened, and the quality of brined fish muscle, as well as the
physicochemical properties, volatile flavor compounds, taste, and in vitro digestibility during roasting, were
evaluated. Results: The optimal parameters were dual-frequency ultrasound (20 + 60 kHz), which shortened the

brining time from 40 min to 20 min. The distribution of NaCl in the fish muscle became more uniform, and water-
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holding capacity and whiteness were significantly improved, while protein oxidation decreased and lipid oxidation
increased. After roasting, the ultrasound-treated group exhibited a stronger Maillard reaction and better water-
holding capacity, with more volatile compounds, reduced contents of nonanal and 1-octen-3-ol, and alleviated fishy
odor. The accumulation of free amino acids and organic acids increased, the equivalent umami concentration (EUC)
was significantly elevated, and the total gastrointestinal digestibility was improved. Conclusion: Dual-frequency
ultrasonic brining can significantly shorten the brining time and improve the quality and flavor of roasted catfish,
providing a novel approach for low-salt rapid brining.

Key words: channel catfish; dual-frequency ultrasound curing; roasting; flavor; in vitro digestion
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Screening, Identification and Enzymatic Properties of

Histamine-Degrading Bacteria from Aquatic Products

Yongna Wang, Yuwei Hu, Jingjing Shen, Changrong Ou*

College of Food Science and Engineering, Ningbo University; Ningbo 315832; China
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Abstract: Histamine tends to accumulate in aquatic products and their derivatives during processing and storage.
Excessive histamine poses food safety hazards, whereas conventional control strategies cannot efficiently remove
pre-formed histamine. In this study, a double-layer membrane system was used to screen histamine-degrading
bacteria from aquatic products and their products. Strain identification, degradation characteristic analysis, whole-
genome sequencing, and enzymatic property assays were combined to evaluate their histamine-degrading capacity.
The results showed that 11 histamine-degrading bacterial strains were isolated, among which four strains achieved
a histamine degradation rate of over 80%. Strain D-Z-14 exhibited the strongest histamine-degrading ability, with a
100% histamine degradation rate after 16 h of incubation. Based on 16S rRNA gene sequence analysis, it was
identified as Pseudomonas. This strain maintained high histamine-degrading activity at 30 °C, initial pH of 6.0-8.0,
and NaCl concentrations of 0-5%. Whole-genome sequencing revealed that the genome of D-Z-14 was 5.5 Mb in
size, encoding a total of 5723 genes. Functional annotation identified candidate genes associated with histamine
metabolism, including diamine oxidase and histamine N-methyltransferase genes. Further investigation
demonstrated that the histamine-degrading enzyme of this strain was localized on the cell membrane. The optimal
reaction conditions for the enzyme were 30 °C, pH 6.0-7.0, and 0-5% NaCl. Ca?" and Mg?" promoted enzyme
activity, while Fe?* and Cu?" exerted inhibitory effects. This study obtained bacterial strains with high histamine-
degrading capacity and relevant enzymatic information, providing potential microbial and enzyme resources for the
biological control of histamine in aquatic products and their derivatives.

Keywords: Screening; Histamine; Degradation; Enzymatic properties
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A comparative study on the physicochemical
properties and structural conformation of acid-

soluble collagens from four swim bladders

Xiaoyan Wang'?, Honglin Zhang'?, Wanting Chen'?, Yixin Chen'?, Qingcheng Men??,

Yongchang Su>*, Zhiyu Liu'*"

! College of Food Science, Fujian Agriculture and Forestry University, Fuzhou 350002, China
2Key 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),
Xiamen 361013, China

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

Abstract Objective: Fish-derived collagen has good biocompatibility and sustainable availability,
making it a promising alternative to terrestrial animal-derived collagen. However, the effects of
different fish swim bladder sources on the structural and functional properties of collagen remain
unclear.Methods: Type I collagen was extracted from the swim bladders of Chinese large yellow
croaker, New Zealand large yellow croaker, basa fish, and silver carp using a low-temperature acid-
soluble extraction method, and their physicochemical, structural, and functional properties were
comparatively evaluated.Results: Collagen from Chinese large yellow croaker showed the highest
yield (23.0%) and a glycine content of 20.48%. Basa fish collagen exhibited the highest denaturation
temperature (47.12 °C). Silver carp collagen showed an absolute {-potential of 32.3 mV and the
smallest particle size (465.2 nm). New Zealand large yellow croaker collagen exhibited an open
porous structure with pore sizes of 150-200 pm and achieved a hydroxyl radical scavenging rate of
53.2% at 5 mg/mL.Conclusion:Collagens derived from different fish swim bladders exhibited
distinct structural and functional characteristics, providing a basis for their targeted selection and

potential application in biomaterial development.

Keywords: acid-soluble collagen; swim bladder; structural characterization
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A Novel Micro-Blading and Shellac Coating
Technique for Active PVA/CMC/Sodium Alginate
Films Integrated with Clove Oil and Gamma

Oryzanol for Aquatic Products Preservation

Abubakr Sallam, Hu Yaqin*
College of Food Science and Engineering, Hainan Tropical Ocean University, Sanya 572022, China

Abstract: [Objective] In the quest to replace petrochemical packaging with sustainable alternatives, developing
biodegradable natural active films with high barrier properties is an urgent need, yet hydrophilic biopolymer films
are severely limited by their poor water vapor barrier performance. [Methods] A hydrophilic active film was
formulated using PVA, sodium alginate, and CMC, incorporated with 2.5% clove oil and 2% gamma oryzanol. A
roller microblading tool was utilized to create physical anchoring sites on the film surface, followed by spraying of
natural shellac. Treatments with and without microblading, combined with single or double shellac layers, were
systematically compared. Interfacial binding mechanisms were elucidated via XPS, FTIR, SEM, and DSC, and soil
biodegradability was evaluated over 45 days. For application, tilapia fillets were stored at 4°C for 12 days using the
optimal composite film (micro-bladed + double shellac), with polyethylene (PE) film and unmodified single-layer
film as controls. [Results] Microblading established effective physical anchoring structures, significantly enhancing
interfacial adhesion of the shellac layer. The water vapor permeability (WVP) of the composite film remarkably
dropped from 5.34g-mm/(m*-h-kPa) for the unmodified film to 0g-mm/(m?-h-kPa), achieving absolute water
resistance. Tensile strength increased from 3.62 MPa to 6.34 MPa. Biodegradation tests indicated 60% weight loss
after 45 days. In the tilapia storage study, after 12 days, the total viable count (TVC) of the composite film group
was only 5.36 Log CFU/g and peroxide value (PV) was 1.29 meqO:/kg, whereas the PE control reached 12.91 Log
CFU/g and 15.23 meqO2/kg, respectively. [Conclusion] The synergistic strategy of microblading and double shellac
coating successfully overcame the inherent water barrier defect of natural hydrophilic films. This composite film
outperforms traditional PE plastics in preservation efficacy and possesses excellent biodegradability, offering a

practical and sustainable alternative for aquatic product packaging.

Key words: Biodegradable active film; Petrochemical replacement; Surface microblading; Shellac coating; Tilapia

preservation
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Directed Synthesis, Structural Characterization and
Activity Evaluation of ACE-inhibitory Peptides from

Nannochloropsis gaditana

LI Zhigi'?, WANG Di’, ZHANG Yi'?, GUO Zebin'?, QIBo’, HU Xiao"*, CHENG
Shengjun""
1. Engineering Research Center of Fujian-Taiwan Special Marine Food Processing and Nutrition, Ministry of
Education, Fuzhou 350002,Fujian;
2. College of Food Science, Fujian Agriculture and Forestry University, Fuzhou 350002,Fujian;
3. 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

Abstract :To advance the development and application of Nannochloropsis gaditana, this study
utilised Nannochloropsis gaditana protein as the raw material. Computer-aided virtual proteolysis
was employed to identify the optimal protease type for obtaining ACE-inhibitory peptides, whilst
single-factor experiments and response surface optimisation were used to determine the optimal
proteolysis process for these peptides. The various fractions were separated and analysed by
ultrafiltration to identify the fraction with the highest activity. Based on the optimised conditions,
the amino acid sequence was characterised, and bioinformatics tools were employed for prediction
and screening; finally, molecular docking was performed to elucidate the molecular binding mode
between the peptide and ACE. The results indicated that the use of bromelain yielded the highest
efficiency in producing ACE-inhibitory peptides from Nannochloropsis gaditana (XA ACE inhibition =
0.69), with the optimal enzymatic hydrolysis conditions being a reaction time of 3.7 h, an enzyme-

to-substrate ratio of 2060 U/g, a reaction time of 3.20 h, and a temperature of 53 °C. Among these,
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low-molecular-weight fraction III (<3 kDa) exhibited a significant ACE inhibitory activity, with an
ACE inhibition rate of 92.76 £+ 0.26%. High-resolution liquid chromatography—mass spectrometry
(UPCL) identified 1,970 peptide fragments, from which four new peptides—DAGYF, FDPW,
WRDNF and WDPI-were screened. These peptides form hydrophobic interactions, hydrogen bonds,
van der Waals forces and m—cation interactions with the ACE active site, enabling them to bind
effectively to ACE. DAGYF, FDPW, WRDNF and WDPI were synthesised via solid-phase
synthesis and tested for in vitro ACE inhibitory activity; among these, FDPW and WDPI exhibited
strong ACE inhibitory activity with ICso values 0f 0.303 +0.03 and 0.585 + 0.01 mg/ml, respectively.
The results of this study indicate that micro-Nostoc possesses significant potential for the
preparation of ACE-inhibiting peptides, providing a theoretical basis and technical support for the
targeted production of ACE-inhibiting peptides derived from microalgae and their application in
antihypertensive functional foods.

Key words: Nannochloropsis gaditana;In silico enzymatic hydrolysis; Process optimization; ACE-

inhibitory peptides; Molecular docking
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From interfacial microalgae protein networks to
foam/emulsions stability: A multiscale perspective on

food foams/emulsion

Songgqi Liu', Yaqin Hu®"

1. Faculty of Food Science and Technology, Hainan Tropical Ocean University, 572022, Sanya, Hainan, China

Abstract: [Objective] Microalgae are considered promising sources of sustainable proteins due to their high protein

367



content (20%~70%), high cultivation efficiency, and independence from arable land. Beyond their nutritional value,
microalgal proteins also exhibit favorable interfacial stabilization properties, showing potential as alternatives to
synthetic surfactants and animal-derived proteins such as whey and egg proteins in foam and emulsion systems. This
study aims to elucidate the interfacial behavior of microalgal proteins and their mechanisms in regulating foam and
emulsion stability from a multiscale perspective. [Methods] Microalgal proteins were prepared using multiple cell-
disruption strategies, including physical, chemical, and mechanical methods. Interfacial dilatational rheology,
interfacial shear rheology, and quartz crystal microbalance with dissipation monitoring (QCM-D) were employed to
systematically investigate their interfacial adsorption kinetics, conformational rearrangement, network formation,
and viscoelastic behavior. These interfacial characteristics were further correlated with the macroscopic stability of
foams and emulsions. [Results] Microalgal proteins rapidly adsorbed at air-water and oil-water interfaces and
underwent conformational rearrangement, forming interfacial networks with high elastic moduli. Their interfacial
viscoelastic properties were closely related to protein concentration, cell-disruption methods, and molecular
flexibility. The strength of the interfacial network was positively correlated with the long-term stability of foams and
emulsions. [Conclusion] This study establishes a cross-scale relationship among protein properties, interfacial
network formation, and macroscopic stability, providing a theoretical basis for elucidating the stabilization
mechanisms of microalgal proteins in food foams and emulsions, and supporting their development as sustainable

plant-based interfacial stabilizers.

Key words: Microalgal proteins; Interfacial rheology; Interfacial networks; Interfacial stabilizers
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Five tissue sources of silver carp by-products on the
structure, physicochemical and emulsifying properties

of gelatin

abx

Guangyi Kan®®, Huaiyue Sun®®, Xiaoyu Du®®, Xinyue Li*", Xichang Wang®*, Jian Zhong
a National R&D Branch Center for Freshwater Aquatic Products Processing Technology (Shanghai), Integrated
Scientific Research Base on Comprehensive Utilization Technology for By-Products of Aquatic Product
Processing, Ministry of Agriculture and Rural Affairs of the People’s Republic of China, Shanghai Engineering
Research Center of Aquatic-Product Processing and Preservation, College of Food Science & Technology,
Shanghai Ocean University, Shanghai, 201306, China
b Xinhua Hospital, Shanghai Institute for Pediatric Research, Shanghai Key Laboratory of Pediatric

Gastroenterology and Nutrition, Shanghai Jiao Tong University School of Medicine, Shanghai, 200092, China

Abstract: Five gelatins were extracted from different silver carp by-products by an acetic acid-pretreated method.
Their structural properties were characterized by ATR-FTIR, SDS-PAGE, SEM and AFM. Physicochemical
properties, including gel strength, water-holding capacity, fat-binding capacity, turbidity and rheological properties,
were measured. The production yields depended on tissue sources: skin > scale > head > fin > bone. The B-sheet
percentages and total SDS-PAGE band intensities of , al and a2 chains showed similar dependence: skin = scale >
fin = head > bone. Bone-related gelatins (head and bone) showed lower water-holding capacity and fat-binding
capacity. Gel strength followed the order: skin ~ fin > scale > bone = head. Scale and bone gelatin solutions had
significantly lower apparent viscosities. Skin, scale and fin gelatins induced no obvious creaming at 10 g/L during
emulsion storage, whereas bone-related gelatins induced higher creaming index values at 6 and 10 g/L. Interfacial
tension and emulsion apparent viscosity depended on gelatin tissue sources and concentrations. Tissue sources
significantly affect the structural, physicochemical and emulsifying properties of silver carp by-product gelatins.
Gelatins from different tissue sources possess different functional properties, which are important for their
application in food and other industries.

Key words: Fish oil; Gel strength; Hypophthalmichthys molitrix; Interfacial tension; Viscosity
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Shrimp Processing By-Product as Sustainable
Resources for Biodegradable and Active Food

Packaging Films: A Review

Wondemu Bogale Teseme ¢, , Jun Zhang ®° *, Shucheng Liu ® **
2 College of Food Science and Technology, Guangdong Ocean University, Guangdong Provincial Key Laboratory of
Aquatic Product Processing and Safety, Guangdong Province Engineering Laboratory for Marine Biological
Products, Guangdong Provincial Engineering Technology Research Center of Seafood, Guangdong Provincial
Engineering Technology Research Center of Prefabricated Seafood Processing and Quality Control, Zhanjiang
524088, China

b Collaborative Innovation Center of Seafood Deep Processing, Dalian Polytechnic University, Dalian, 116034

ABSTRACT : The growing environmental burden of petroleum-based plastics and the
underutilization of seafood-processing residues have intensified interest in renewable materials for
sustainable food packaging. Among marine by-products, shrimp-processing waste, including shells,
heads, and tails, represents a particularly valuable biomass because it contains chitin, proteins,
minerals, lipids, and carotenoids such as astaxanthin. This review critically examines shrimp as
integrated feedstocks for the development of biodegradable and active food packaging films. This
review discusses the generation and biochemical composition of shrimp residues, recent advances
in the extraction of key functional constituents, and their subsequent conversion into film-forming
materials. Particular attention is given to conventional and emerging green extraction approaches,
including enzymatic treatments, ultrasound-assisted and microwave-assisted processes, and deep
eutectic solvent systems, as well as their effects on polymer purity, molecular structure, and film
performance. This review further evaluates formulation strategies and the resulting mechanical,
barrier, thermal, optical, antioxidant, antimicrobial, and biodegradation properties of shrimp derived
films. Current evidence indicates that shrimp-based biopolymers, especially chitosan and protein
based systems, offer strong potential for application in the active packaging of highly perishable
foods. However, moisture sensitivity, brittleness, raw material variability, processing cost, and

scaleup limitations remain major barriers to commercialization. Overall, shrimp processing
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byproducts provide a promising platform for circular, value-added packaging innovation, and future
progress will depend on greener recovery methods, multifunctional film design, and scalable

manufacturing routes that meet food safety and industrial performance requirements.

Keywords: active packaging; astaxanthin; biodegradable films; chitin ;chitosan; shrimp by-products
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Valorization of Crocodylus siamensis Processing
Byproducts through Oil Extraction and Enzymatic

Modification

Shuo Zou', Zhen Zhang?, Yong Wang?, Qi Wang', Jiwang Chen!
1. College of Food Science and Engineering, Wuhan Polytechnic University, Wuhan 430023, Hubei;
2. JNU-UPM International Joint Laboratory on Plant Oil Processing and Safety, Department of Food Science and

Engineering, Jinan University, Guangzhou 510632, Guangdong.

Abstract: To address the underutilization of fat-rich processing byproducts from Crocodylus siamensis, crocodile

375



oil was recovered by dry rendering and subsequently modified through Novozym 435-catalyzed glycerolysis to
regulate its acylglycerol composition. The lipid composition, thermal behavior, emulsion properties, and transdermal
delivery performance of the resulting oils were systematically evaluated. The oil yield reached 73.20%, with
unsaturated fatty acids accounting for 76.97% of total fatty acids. TAG conversion during glycerolysis followed
first-order decay kinetics, and the DAG content reached up to 50.72%. Enzymatic modification markedly improved
the emulsion performance of crocodile oil, reducing the droplet size from 446.0 nm to as low as 86.1 nm while
enhancing spreadability and storage stability. Notably, the CO-DAG20 emulsion achieved a 24-h cumulative a-
tocopherol permeation of 14.33 ug/cm?, corresponding to an enhancement ratio of 1.60. Further increasing the DAG
content, however, did not result in a continuous improvement in emulsion performance, suggesting the existence of
an optimal glycerolysis range for functional property regulation. These findings reveal the relationships among
acylglycerol composition, thermal properties, and emulsion delivery performance, providing a theoretical basis for
the value-added utilization of C. siamensis fat byproducts.

Key words: Crocodylus siamensis; processing byproducts; crocodile oil; enzymatic glycerolysis; diacylglycerol
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Comparison of Lipid Extraction Characteristics and
Evaluation of Antioxidant Capacity across Crayfish
Anatomical Parts
ZHANG Weitao', CHEN Yanfei', PENG Ruiqi!, ZOU Shuo?, WANG Qi"**", CHEN Jiwang'>?

(1. School of Food Science and Engineering, Wuhan Polytechnic University, Wuhan 430023, Hubei; 2. Key
Laboratory of Agricultural Products Processing and Transformation in Hubei Province, Wuhan 430023, Hubesi; 3.

National R & D Branch Center for Crayfish Processing (Qianjiang), Qianjiang 433100, Hubei)
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Abstract:[Objective] To support the further development and utilization of crayfish resources, the
composition of lipid extracts from different anatomical parts of crayfish was characterized and their
antioxidant capacities were comprehensively evaluated. [Methods] Lipids were extracted from
crayfish heads after removing the hepatopancreas, hepatopancreas, tail meat, tail shells, and claws
using the Soxhlet and Folch methods. Triglyceride, phospholipid, and total astaxanthin contents
were determined. A comprehensive evaluation of in vitro antioxidant capacity was performed using
the entropy-weighted technique for order preference by similarity to an ideal solution (TOPSIS).
[Results] The phospholipid content of the tail shell lipid extract obtained using the Folch method
was 65.76% higher than that of the corresponding Soxhlet extract. Its total astaxanthin content was
24.05 + 1.28 mg/g lipid, the highest among all lipid extracts. In the comprehensive evaluation of in
vitro antioxidant capacity using entropy-weighted TOPSIS, this extract achieved a score of 0.95,
ranking first among all lipid extracts. [Conclusion] Both extraction method and anatomical part
should be considered when analyzing and evaluating the antioxidant capacity of crayfish lipids. The
lipid extract obtained from crayfish tail shells using the Folch method exhibited a significantly
higher total astaxanthin content than extracts from other anatomical parts and ranked highest in the

comprehensive evaluation of antioxidant capacity.

Key words: crayfish; lipid; phospholipids; astaxanthin; antioxidant capacity
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Comparative Analysis of Nutritional Quality in Fresh
and Frozen Tilapia (Oreochromis niloticus) Fillet: A

Focus on Region- Specific Variations

Baoying Bai, Yingying Wang, Saikun Pan, Hongli Wang®

School of Marine Food and Bioengineering, Jiangsu Ocean University, Lianyungang, 222000, China;

Abstract: As tilapia (Oreochromis niloticus) is a globally important aquaculture species with high
nutritional value, understanding the region-specific nutrient quality variations during freezing is
critical for optimizing post-harvest quality preservation. This study systematically investigated
region-specific variations in nutritional quality between fresh and frozen tilapia fillets, focusing on
dorsal (DM), belly (BM), and tail (TM) muscle segments. Proximate analysis revealed all regions
retained high moisture (76.50-79.18% ww) and protein (18.39-20.88% ww) regardless of state.
Freezing led to significant lipid reduction (P < 0.05), most notably in TM. Fresh samples exhibited
higher total and essential amino acid contents than frozen counterparts, while all muscle segments
maintained favorable amino acid profiles. Polyunsaturated fatty acids (PUFAs) constituted the
predominant fraction (36.71-45.66%), with DM exhibiting peak levels in fresh state. Lipid quality
indices confirmed the nutritional advantages of tilapia, particularly in fresh fillets which showed
more favorable PUFA profiles and lower cardiovascular risk indices than frozen samples. Freezing
depleted free amino acid content by 13.25% (DM), 15.22% (BM), and 20.19% (TM). Multivariate
statistical analysis [principal component analysis (PCA) and orthogonal projections to latent
structures discriminant analysis (OPLS-DA) models] consistently demonstrated significant
nutritional disparities between fresh and frozen samples, with DM exhibiting marked variations in
the frozen group. Overall, fresh tilapia fillets, especially DM, demonstrated superior nutrient

preservation.

Key words: tilapia fillets; thawing methods; frozen durations; free amino acids; nucleotides

380



BT MR REF R AR EGIKET
SERS “F & H T & M aEEyiail

EMER L, M, WAIR Y, MR, EHT Edlam Y

Lrp R fr Rl 2 5 TR AR, PE 55 8 266000

WEE: EERTROR I H ZH2%E SERS FEJE A U 2RI A R BB 2 PR AR el R, AT e fie ok iR . 3H

B Ao A AR, MR, R A S SR RS NS, R AN RIS AuNPs PRI, 1

4+

MR, JAEAEE AR A 785 nm OB K ULEL . SSIN FEFI% 10-4 mol/L MBA [ SERS 12 545 Py it 547
I/ I 39.32 1580 4.55 1%, FLAEA &6 IR 0.392 ng/L, FFAJ FHT7K 77 B SEBRAE A o 1% 5
FIAAFERIAE AuNPs [ R~F BN 3 RS 451, Selgek ABRE 7 5 Hon e, NEisE. KR

A% SERS & JE AR S FL it T3 eI 0 A B0 10 S
KB R RAZHAT (SERS); FrldtAde; ZHRNXEGHUKRMES; o hhis Rk

BEIWE: AMABHTEHIRARREES (32472426) « W AA HARRIEESE
(ZR2024QC242) . HZFE S &t (2023YFD2401405)  FEAIF54A R (CARS-

47) « EEER R RS TR B S AR R S RIS R (2024105) .
BREENAE: Tolsa. 5. BLb. BIHEZ. 0532-82032389. wkq@ouc.edu.cn. EENFE
ot it AT XS R 7~ RO TE A0 22 ALK R 5 N S B =0 A0 78 3 o 7o
I B 9T A

Stellaris Somnia-inspired interlaced gold nanoarray

as a novel hotspot-optimized SERS platform for food

hazards detection

Pengxiang Wang', Hong Lin!, Limin Cao', Jianxin Sui!, Xiudan Wang !, Kaigiang Wang !

1.College of Food Science and Technology, Ocean University of China, Qingdao 266000, Shandong
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Abstract: To address the low hotspot utilization and limited detection sensitivity of SERS substrates fabricated by
liquid-liquid interfacial self-assembly, this study proposes a hotspot-optimization concept based on particle
intercalation and gap filling. Inspired by Stellaris Somnia, a three-phase interfacial co-assembly strategy was
developed to synergistically assemble Au nanoparticles (AuNPs) of different sizes, thereby constructing a Stellaris
Somnia-inspired interlaced gold nanoarray (SSIN). Small AuNPs were intercalated into the gaps between large
AuNPs, enabling secondary filling of nanoscale voids and pronounced hotspot densification. Meanwhile, the
plasmonic absorption was shifted toward the 785 nm excitation wavelength, further enhancing the SERS response.
For 10-4 mol/L MBA, the SSIN exhibited SERS signal intensities 39.32 and 4.55 times higher than those of the
corresponding substrates composed of AuNPs with a single particle size, respectively. A limit of detection of 0.392
ng/L was achieved for malachite green, and the SSIN was successfully applied to the analysis of real aquatic product
samples. By exploiting the size complementarity of AuNPs to optimize the interfacial nanoarchitecture and hotspot
distribution, this study provides a simple and effective strategy for constructing high performance and low-cost

SERS platforms for rapid on-site detection of food hazards.

Keywords: Surface-enhanced Raman scattering (SERS); interfacial co-assembly; Stellaris Somnia-inspired

interlaced gold nanoarray; food hazards detection

I n-Hexane I Water I Dichloromethane

Schematic illustration of the as-proposed fabrication process of a SSIN SERS substrate.
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Cryoprotective effects of sturgeon skin collagen
hydrolysates on surimi during freeze-thaw cycles and
structure-activity relationship of its antifreeze
peptides

Jiaqi Yu, Hui Hong, Yongkang Luo, Yuqing Tan®

College of Food Science and Nutritional Engineering, China Agricultural University, Beijing, 10083

Abstract: Although collagen-derived peptides have been widely developed as cryoprotectants for surimi, their
structure-activity relationships remain poorly understood. We developed antifreeze peptides from underutilized
sturgeon by-products using proteolytic screening, peptidomics and molecular docking. Among the three commercial

proteases, ACP produced by Alcalase® hydrolysis showed the highest degree of hydrolysis and the highest
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proportion of 500-2000 Da components, and exhibited the strongest thermal hysteresis activity (0.520 °C). In silver
carp surimi, 2% ACP outperformed 8% sucrose-sorbitol over four freeze-thaw cycles, reducing water loss and
protein damage and forming a denser gel network. Through multistage screening and molecular docking, five
potential antifreeze peptides with distinct structural features were identified from ACP, and they exhibited stronger
antifreeze activity. Longer peptide chains, conformational flexibility, spatially distributed hydrogen bonds, and Janus
amphiphilicity may enhance antifreeze activity. These findings clarified the structure-activity relationships of
hydrolysates and antifreeze peptides, providing templates for rational antifreeze peptide design.

Key words: Sturgeon; Antifreeze peptide; Surimi cryoprotection; Structure-activity relationship
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Study on Extraction and Removal Process of

Inorganic Arsenic from Sargassum fusiforme

Tao Huilin, Deng Jianchao
School of Food Science, Fujian Agriculture and Forestry University,Fuzhou,350000,Fujian;2 South China Sea

Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou, 510220, Guangdong

Abstract : Sargassum fusiforme possesses high nutritional value. However, the presence of highly
toxic inorganic arsenic seriously restricts its food safety and industrial development. Therefore,
efficient and green processes for the extraction, determination and removal of inorganic arsenic are
critical to guarantee the quality and safety of Sargassum fusiforme products. In this study, dried
Sargassum fusiforme was used as raw material. Microwave-assisted extraction combined with high-
performance liquid chromatography-hydride generation-atomic fluorescence spectrometry (HPLC-

HG-AFS) was employed to determine the optimal extraction conditions for inorganic arsenic. A
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novel green arsenic removal process combining microwave assistance and organic acid leaching
was further investigated. The results demonstrated that organic acid leaching could effectively
disrupt the cell wall structure of Sargassum fusiforme, and microwave-assisted treatment
significantly enhanced mass transfer efficiency and shortened the arsenic removal duration. Under
the optimal conditions, an optimum scenario with favorable arsenic removal performance while
retaining nutritional properties was obtained. The established inorganic arsenic determination
method and green removal process in this work can provide technical support and theoretical basis
for edible processing, quality safety control and industrial application of high-arsenic seaweeds.
Key words: Sargassum fusiforme; microwave-assisted extraction (MAE); high-performance liquid
chromatography-hydride generation-atomic fluorescence spectrometry (HPLC-HG-AFS); Organic

Acid-mediated Arsenic Removal
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Structural Characterization and Mechanisms of
Enhanced Zinc Absorption of Mussel Peptide-

Galactooligosaccharide Maillard Complexes

Xuening Yu', Xiaoyang Liu'", Dayong Zhou!

1. School of Food Science and Engineering, Dalian Polytechnic University , Dalian, 116034, Liaoning

Abstract: In this study, a conjugate (MPG) of mussel peptide (MP) and galactooligosaccharides
(GOS) was prepared via the Maillard reaction under optimized conditions (pH 8.0, 120 °C, 180
min), and a novel zinc delivery system (MPGZn) was further constructed. MPGZn exhibited a zinc-
binding capacity of 70.94%. Non-targeted metabolomics revealed key metabolites that enhanced
zinc coordination: at a concentration of 5 mg/mL, MPGZn showed strong scavenging activities

against DPPH and ABTS radicals (54.54% and 87.71%, respectively) and protected TM3 cells from
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H:0:-induced oxidative damage. Cellular uptake was associated with the upregulated expression of
Occludin-1 and the zinc transporter protein (ZnT1). In zinc-deficient mice, MPGZn significantly
increased serum zinc levels, alleviated intestinal inflammation, improved liver and kidney function,
and reduced oxidative stress markers. These findings indicate that MPGZn mitigates zinc deficiency

through a dual mechanism involving zinc delivery and antioxidant activity.

Key words: Construction of zinc delivery system; Non-targeted metabolomics; Antioxidant activity;

Zinc ion transport
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Optimization of Low-Sodium Compound Salt
Formulation and Quality and Flavor Characteristics
of “Yi Ye Cheng” Golden Pompano (Trachinotus

ovatus)

Yunyun Zhang!, Qinxiu Sun® *
! College of Food Science and Technology, Guangdong Ocean University, Guangdong Provincial Key Laboratory

of Aquatic Product Processing and Safety, Zhanjiang, 524088, China.
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Abstract: To develop a low sodium salt blend for “Yi Ye Cheng” golden pompano (7rachinotus ovatus), NaCl was
partially substituted with KCI, CaClz, and L alanine. Single factor tests and Box Behnken response surface
methodology optimized the formulation. Sensory, physicochemical, microbiological, and volatile flavor properties
were characterized. At a total salt addition of 20% fish mass, the optimal blend contained 64% NacCl, 18% KCI, 11%
CaClz, and 7% L alanine. The predicted and experimental sensory scores reached 42.24 and 42.22, respectively.
Compared with the 20% NaCl control, this low sodium formulation reduced total salt and sodium contents by 31.2%
and 48.9%, and increased moisture by 6.62%. Potassium and calcium contents increased; hardness, cohesiveness,
and chewiness were unchanged, whereas springiness increased (P < 0.05). Total viable count in the low sodium
group increased by 0.14 1g CFU/g (P < 0.05). GC IMS detected 29 volatile compounds. In the low-sodium group,
the signal intensities of 1-octen-3-ol, (E)-2-heptenal, and 1-octen-3-one, which are associated with earthy and
oxidative odors, were decreased, whereas those of 2,5-dimethylpyrazine and trimethyl thiazole were increased,
indicating that the low-sodium compound salt could reduce earthy and oxidative odors while enhancing roasted and
meaty aroma characteristics. Overall, the optimized salt blend reduces sodium content, preserves core quality
attributes, and modulates volatile flavor. The slight rise in viable count indicates weaker microbial inhibition than
the full NaCl control.

Key words: “Yi Ye Cheng” golden pompano; low-sodium salt blend; response surface methodology; quality

attributes; volatile flavor
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New Formaldehyde Scavenger Development and

Preservation of Squid

Hanbing Wang!, Canghua Xu*

1 Shanghai Ocean University , Shanghai, 200120

Abstract :

The squid is loved by the public for its delicious taste and high nutritional value. But its own
production and the external addition of formaldehyde has influenced the quality of squid, and more
and more people to switch from their favorite attitude to wait and see attitude. There are many dry
products in the market. It also enables illegal businesses to take advantage of it. Formaldehyde is
added illegally in the manufacture process of dried products, so that the content of squid
formaldehyde exceeds standard. During cold storage, the quality of squid is decreased with the
extension of time. In addition, the decomposition of trimethylaminase in the body of squid during

the process of corruption also increases the content of formaldehyde.

Tea polyphenols and chitosan are natural extracts. Formaldehyde can be combined with the
amino group of their structure, and it can be applied to formaldehyde scavenging agent based on
this condition, which can achieve safe and efficient removal of formaldehyde effect. Secondly, the

application of tea polyphenols and chitosan in food preservation is widely, and the development of
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efficient, safety, no pollution, edible squid new formaldehyde scavenger, at the same time can
achieve the effect of food preservatives. Therefore, the development of efficient, safe, pollution-
free, edible squid new formaldehyde scavenger can achieve the effect of food preservation. It can

provide theoretical reference for the removal and preservation of related food formaldehyde.

The content of squid formaldehyde in the market is easy to exceed, The optimal conditions for
detection of squid formaldehyde under ultraviolet spectrophotometry were studied. And the removal
effect of tea polyphenol combined with chitosan on squid formaldehyde was studied. In addition,
the condition was optimized to obtain the optimal recombinant squid formaldehyde scavenger. On
the basis of compound formaldehyde scavenger, The preservation effect of tea polyphenols and

chitosan on squid was evaluated by the index of freshness. The main research contents are as follows:

1. In order to improve the detection efficiency of squid formaldehyde, on the basis of single
factor test, the sample soaking time, distilled liquid product, the amount of chromogenic agent and
the color time of the sample were selected. The absorbance value of formaldehyde detection was
the response value. Based on the design principle and response surface analysis of Box-Behnken,
the prediction model of quadratic polynomial regression equation was established. The optimal
conditions for the quantitative detection of squid formaldehyde in four conditions: the sample
soaking time was 25 min, the distilled liquid was collected as 96 mL, the amount of chromogenic
agent was 1.5ml, and the color display time was 25 min. Then, drawing the standard curve under
optimized conditions, the regression equation was y =0.2323x + 0.0085(R*=0.9998). Linear was
good, the recovery rate was 82% ~ 98%, the precision is analyzed, the relative standard deviation
was <5%, all conforms to the methodological requirements, and applies to the determination of

formaldehyde in squid.

2. Based on the combination of tea polyphenol and chitosan can be applied to formaldehyde
scavenging agent, and the effect of formaldehyde removal can be achieved safely and efficiently. he
efficiency evaluation of formaldehyde removal from squid was conducted by establishing the
response surface model. The optimum conditions for formaldehyde removal with more than 85%
by model analysis and verification was: 0.6% of tea polyphenol in concentration, 2% of chitosan,
3:2 of the volume ratio of tea polyphenols and chitosan, 3 of the compound pH, 60 min of reaction

time. In one word, tea polyphenols and chitosan as formaldehyde scavenger compound with
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composition not only was an important way to effectively remove the squid formaldehyde, but also
had the characteristics of safe and reliable, and also provided the test basis for the other aquatic

products of formaldehyde removal.

3. On the basis of the complexation of the compound squid formaldehyde scavenger, tea
polyphenols, chitosan and its composite solution were used as preservatives. The quality changes
of soft fish in the squid were discussed through the measurement of the freshness index. The
freshness date of the compound preservative was 7 days, 1 to 2 days longer than the blank group.
In addition, the preservation effect of the compound group was better than that of single ingredient

tea polyphenol and chitosan.

Key words: squid,;formaldehyde,;scavenger,;compound,;fresh
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Effects of Frying Temperature and Time on the
Physicochemical Properties and Volatile Flavor of

Breaded Shrimp

Liu Yonglan', Xiao Naiyong', Liu Shucheng'*
1. School of Food Science and Technology, Guangdong Ocean University; Key Laboratory of
Aquatic Product Processing and Safety of Guangdong Province; Guangdong Provincial
Engineering Technology Research Center for Marine Food; Key Laboratory of Marine

Bioproducts Engineering of Guangdong Province; Key Laboratory of Deep Processing of Aquatic
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Abstract: [Objective] To clarify the effects of frying temperature and time on the quality and flavor of breaded
shrimp. [Methods] Experiments were conducted at temperatures of 150, 170, and 190°C with frying times ranging
from 20 to 50 seconds to investigate color, texture, moisture distribution, flavor profile, and sensory
attributes. [Results] As temperature increased and frying time extended, the L* value decreased (dropping from
50.57 to 39.07 at 150°C, and reaching 31.99 at 190°Cfor 50 s), while the a* value rose to 13.45 and the b* value to
48.46. Hardness and chewiness increased (chewiness reached 322.02 at 190°C for 50s compared to 120.72 at
150°Cfor 50s), whereas springiness decreased at 50s. Moisture migrated from the exterior to the interior,
characterized by a sharp loss of free water and a slight increase in bound water; T22 showed a significant negative
correlation with hardness and chewiness (P<0.05). GC-MS identified 64 volatile compounds, including 18 aldehydes,
24 alcohols, 12 ketones, and 10 esters. Key aldehydes and alcohols peaked at 170°Cfor 20s ((E,E)-2,4-decadienal at
278.37ug/kg and 1-octen-3-ol at 66.48ug/kg). At 190°Cfor 30 s, (E,E)-2,4-decadienal was retained (214.08pug/kg),
accompanied by the formation of methylpyrazine (11.85weig/kg) and 2,3-dimethylpyrazine (8.38ug/kg), along with
alcohols (24.92pug/kg), ketones (3.72pg/kg), and esters (138.86ug/kg), resulting in a more balanced flavor
profile. [Conclusion] The treatment at 190°C for 30 s yielded the highest sensory acceptability, identifying it as

the optimal processing condition.

Keywords: Breaded shrimp; Frying; Quality; Volatile flavor.

Corresponding Author: Shucheng Liu (1979 - ), Doctor, Professor, Research Focus: Preservation

and Processing of Marine Food Products ~ E-mail: Lsc771017@163.com

Funding Project: Guangdong Key R&D Program Project (2025B1111140001)

398



K R T2 RALERT I

WRZERR 1. T57K B 2%, XIE & 2
L HERMORE:, AR AR 350002; 2. AREEA/KHETCRT, A& ISP RIS M A

spageE, M EI 361013

PE: B RACTUCHER I RRRK R BRI L E, SCERR I, Bk R, Jiik: Dbt
AR, 0 H 4 FhTiiab #E 07 SRk BoE TALEE T2, PR 4 R R T vEx f I I R RCR it fee il
RI7E, AT TEMAA AR T 45K ARV EE BT X, FrEBONBGERAARA, RA
[K 2 Fll Box-Behnken M 3 [HIVE AL SRAF eI L2941 5 min. 1%F7EIR 4°CIRIL 4 by FUHE S04 A5 52 45
RER, BRI A A1) BRI BN S5 a PP S 2 25 HAZ AR AR 25 I S I = Rk ety
PN MR A A i R A B D LD A R R 5 SRR, T AN T IR R eSS R . A
Wi, S5HAH PR (RIS MR a s R BoR, KRR P A SRR E BT & BOLERE 2 .
25l KRR R G KR AT A R AR AR, AU DAL AR 2%

KB e R KRR, WARIED; AKRLE

399



8 Ji R B 2 B SR FL AR AR 3 R FLAE T
REPEIDRLE I ML

el

YK A Sl e Rl 0, PEEIIL 518060

WE. AREEN (COL) EFRMERM, HAEEHEAL, BT IAL L e AL b i B
Hlo ASHE SR EALBRER B 2 (OCS) Xt COL HEAT S cedk 38 3 8% JOHol S o7 ) e e Js
JFE - B BRER 3 (COL-OCS) E & 9K Mk, H A AR s JURL AL 2 571 31 75 35 (AST)
MThRErEb e . AR, bk COL /Ki=REmkAE 14 43, COL-0OCS “FiykiftA
273.43+12.95nm, HAE B SHRRE, TR MEE MRS E (K R SO AR LI . BITR I S8 AST
I DIREVEVD R HAT RIFIRASRE . B IER AST FaEth, =R 7 d K AMEST
24 h Ji AST fRHE R 5L 82.60%F1 82.92%, HEEMAKMIATI &= B R . AHF 7 Mt fig
JFUR 3 A e (B R K= SRR T R v R (O A B At T R

RegwE: mREER; AURRIER: IFER: RO hRetkibhis.

Fabrication of a Fish Collagen-Based Pickering

Emulsion for Functional Salad Dressing

Xu Xu

College of Life Sciences and Oceanography, Shenzhen University, Shenzhen, 518060, Guangdong.

Abstract: Fish collagen (COL) is of high nutritional value, but its limited interfacial activity restricts
its application in Pickering emulsions. In this study, oxidized chondroitin sulfate (OCS) was
employed to modify COL through a Schiff-base reaction, forming fish collagen-oxidized
chondroitin sulfate (COL-OCS) composite nanoparticles, which were subsequently used as
stabilizing particles to construct an astaxanthin (AST)-loaded functional salad dressing. The results
showed that COL-OCS exhibited suitable interfacial properties and enabled the formation of
structurally stable Pickering emulsions. OCS modification also reduced the fishy odor of COL. The

resulting AST-loaded functional salad dressing exhibited favorable rheological properties,
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antioxidant activity, and AST stability, with overall flavor characteristics comparable to those of
commercial salad dressings. This study provides a new approach for the high-value utilization of

fish collagen and the development of functional salad dressings from aquatic-derived resources.

Key words: Fish collagen; Oxidized chondroitin sulfate; Astaxanthin; Pickering emulsion; Functional

salad dressing.
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Effects of Corn Fiber Gum on the Functional

Properties of Hairtail Myofibrillar Protein and Fish
Ball Quality

Chenglong Wu, Xiaohong Sun*

School of Food and Pharmacy, Zhejiang Ocean University, Zhoushan 316022, Zhejiang, China
Abstract: [Objective] To address oxidative aggregation and functional deterioration of hairtail
myofibrillar protein (MP), this study investigated the effects of the extraction method and addition
level of corn fiber gum (CFG) on MP structure, gelation, and emulsifying properties and evaluated

its ability to improve fish ball quality. [Methods] CFG was extracted from corn bran using alkaline,
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acid, and enzymatic methods, and its compositional, structural, and functional characteristics were
compared. Spectroscopic analyses and measurements of oxidation markers, particle size, zeta
potential, texture, rtheology, and microstructure were used to evaluate the effects of different CFG
preparations on MP and select a suitable extraction method. Enzymatically extracted CFG was
subsequently tested at addition levels ranging from 0% to 10% to assess its effects on MP gelation
and emulsifying properties, as well as the water-holding capacity, texture, gel strength, antioxidant
activity, and sensory quality of hairtail fish balls. [Results] (1) Alkaline extraction produced the
highest yield (20.90%). Enzymatically extracted CFG had an arabinoxylan content of (77.40 £2.27) %
and an arabinose-to-xylose ratio of 0.85 + 0.05, together with relatively high total phenolic content
and radical-scavenging activity and good emulsion stability. (2) Enzymatically extracted CFG
provided greater overall improvements in MP functionality, reducing the carbonyl content from
(1.05 + 0.02) to (0.67 £ 0.01) nmol/mg protein and improving dispersibility, gel water-holding
capacity, and emulsion stability. Spectroscopic and microstructural findings suggested that these
effects might be associated with changes in protein conformation and noncovalent interactions. (3)
In the MP system, the 8% CFG group exhibited a gel water-holding capacity of (80.30 + 2.40) %
and a hardness of (247.65 + 8.40) g, representing increases of 49.53% and 349.13%, respectively,
compared with the control. The storage modulus at 80 °C was 1231.79 Pa. This group exhibited a
relatively dense and uniform gel network, while its emulsions showed reduced droplet aggregation
and macroscopic phase separation after 20 days of storage. (4) In fish balls, 8% CFG addition
reduced cooking loss to (6.56 + 0.19)%, representing a 20.30% decrease compared with the control.
Water-holding capacity reached (60.70 = 2.80) %, and gel strength increased by 34.92%. This group
achieved the highest sensory score, with no significant difference from the 6% group. CFG enhanced
the DPPH and ABTS radical-scavenging activities of fish balls; however, at 10% addition, some
textural and water-holding properties declined, and more pores were observed in the gel network.
[Conclusion] Enzymatically extracted CFG improved the oxidative stability, gelation, and
emulsifying properties of hairtail MP and enhanced the water-holding capacity and sensory quality
of fish balls. Under the conditions of this study, addition levels of 6%—8% provided favorable overall
quality improvements. These findings support the application of CFG in aquatic protein-based foods.

Key words: corn fiber gum; hairtail; myofibrillar protein; gel properties; fish ball quality
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Study on the antibacterial properties of caviar carbon
dots and their application in the refrigerated

preservation of sturgeon caviar

Wang Wei, Lu Jiaxin, Xu xinxing, Zhao Yuanhui*

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

Abstract: This study addressed the preservation challenge of refrigerated sturgeon caviar by developing carbon dots
(CDs) as green preservatives. The dominant spoilage bacteria in sturgeon caviar stored at 4 °C were first identified.
CDs were then hydrothermally synthesized from three types of caviar (sturgeon, rainbow trout, and chinook salmon),
and their physicochemical properties, antioxidant and antibacterial activities, and biosafety were systematically
characterized. The antibacterial mechanism and preservation efficacy on refrigerated sturgeon caviar were further
investigated. Shewanella baltica and Brochothrix thermosphacta were identified as the dominant spoilage bacteria.

All three CDs exhibited good dispersibility, fluorescence stability, and antioxidant activity, with sturgeon caviar-
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derived CDs showing the strongest antibacterial effects and favorable biosafety. CD treatment extended the shelf life
of sturgeon caviar from 15 to over 20 days, significantly suppressing increases in total viable counts, TVB-N, and
TBARS, while preserving texture and color, reducing off-odor volatiles, and stabilizing free amino acids and
unsaturated fatty acids. Mechanistically, the CDs disrupted cell wall integrity, increased membrane permeability, and
induced oxidative stress. Collectively, caviar-derived CDs effectively prolong the shelf life and maintain the quality
of refrigerated sturgeon caviar through multiple antibacterial pathways, providing a novel green technological
strategy for aquatic product preservation.

Keywords: carbon dots; sturgeon caviar; dominant spoilage bacteria; antibacterial mechanism; preservation

application
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Proanthocyanidins Modulate Lipid Oxidation and
Metabolism in Refrigerated Grass Carp Muscle:

Insights from Lipidomics

Yuanyuan Ye!, Hao Lu!, Jianhui Wang!, Hui Li'*

1.School of Food and Biological Engineering, Changsha University of Science and Technology,

Changsha, 410114, Hunan

Abstract: Lipid hydrolysis mediated by endogenous enzymes and the oxidation of membrane lipids
rich in polyunsaturated fatty acids (PUFAs) are important contributors to quality deterioration in
grass carp during postmortem refrigerated storage. In this study, fresh grass carp muscle was treated
with different concentrations of procyanidins (PAs) and stored at 4 °C for 7 days to investigate the
regulatory effects of PAs on lipid oxidation and lipid metabolism. The results showed that PAs
effectively delayed quality deterioration during refrigerated storage, with the 3.0 g/L treatment
exhibiting the most pronounced protective effect. On day 7, the 3.0 g/L PA treatment reduced
thiobarbituric acid reactive substances (TBARS), peroxide value (PV), and acid value (AV) by
60.1%, 31.0%, and 42.9%, respectively, compared with the control, while also suppressing protein
carbonyl accumulation. In addition, PAs significantly inhibited lipase and lipoxygenase (LOX)
activities and attenuated changes in PUFA composition during storage. Lipidomic analysis
identified 13 key differential lipids, mainly involving changes in the abundances of
glycerophospholipid species, including phosphatidylcholine (PC), phosphatidylethanolamine (PE),
phosphatidylglycerol (PG), and lysophospholipids, together with alterations in the composition of
linoleic acid- and long-chain PUFA-related lipid species. Collectively, PAs may delay quality
deterioration in refrigerated grass carp muscle by reducing lipid hydrolysis and oxidation,
modulating glycerophospholipid composition, and alleviating the oxidative deterioration of PUFA-
related lipids. These findings provide a theoretical basis for the application of procyanidins in the

refrigerated preservation of freshwater fish.

Key words: proanthocyanidins; grass carp; lipid oxidation; lipid metabolism; lipidomics
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Study on the Regulation of Ready-to-Eat Kelp Quality
by Hurdle Factors Combined with Modified-

Atmosphere-Assisted Mild Thermal Processing
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Abstract:Ready-to-eat kelp is prone to texture softening and color deterioration during processing
and storage, resulting in a limited shelf life. Conventional high-temperature sterilization is often
unable to achieve an optimal balance between microbial control and product quality. To address
these limitations, a combined mild processing system integrating acidity regulation, water activity
adjustment, modified atmosphere packaging, and mild thermal treatment was developed in this
study. A full-factorial experimental design combined with principal component analysis was used
to screen and optimize hurdle-factor combinations using pH, water activity, color, texture, total
viable count, and sensory scores as comprehensive evaluation indices. In addition, volatile flavor
characteristics were investigated using gas chromatography-ion mobility spectrometry (GC-IMS),
gas chromatography-mass spectrometry (GC-MS), and relative odor activity value (ROAV) analysis.
The results showed that the combination of 1% NaCl, 1% white vinegar, and N> packaging provided
superior overall quality. Further optimization of the modified-atmosphere-assisted mild thermal
treatment demonstrated that both a single-stage treatment at 90 °C for 25 min and a two-stage
treatment at 90 °C for 9 min followed by 95 °C for 11 min effectively reduced microbial loads while
mitigating deterioration in color and texture. Based on accelerated storage tests and the Qio model,
the estimated shelf life at 20 °C was approximately 360 days, indicating improved product stability.
Moreover, the optimized product exhibited a greater diversity of volatile flavor compounds than
untreated kelp and a selected commercial product. These findings provide theoretical and technical

support for the processing and preservation of high-quality ready-to-eat kelp.

Keywords: ready-to-eat kelp; hurdle technology; modified atmosphere packaging; mild thermal

processing; volatile flavor compounds
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Integrated multi-sensor tracking and metabolomics
uncover transport environmental stress and metabolic
mechanisms in leopard coral grouper (Plectropomus

leopardus)

Xin Zhang !, Chuan Li ' *

1. Key Laboratory of Seafood Processing of Haikou, Hainan International Joint Research Center for Innovative
Utilization of Tropical Seafood Resources, School of Food Science and Engineering, Hainan University, Haikou
570228, China
Abstract: [Objective] To investigate the effects of transport time and temperature on water-quality dynamics,
oxidative stress, and serum metabolism in leopard coral grouper (Plectropomus leopardus), and to identify potential

indicators for characterizing transport stress in high-value live seafood. [Methods] Leopard coral grouper were
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subjected to different transport temperatures and durations. Water-quality parameters were continuously monitored,
serum oxidative stress and enzyme activities were measured, and water-quality data were integrated with serum
responses for indicator screening. Metabolomic analysis was further performed to characterize transport-induced
metabolic alterations. [Results] Progressive acidification was a major environmental change during transport.
Prolonged transport increased MDA levels and altered serum enzyme activities, whereas transport at 16 °C alleviated
oxidative stress and hepatic injury. Integration of continuous water-quality measurements with serum responses
identified final-30-min pH and low-level dissolved oxygen (10th percentile) as complementary environmental
indicators (R>=0.749), while MDA, GSH-Px, and ALT were selected as representative serum indicators (R?=0.817).
Metabolomic analysis showed that low-temperature transport attenuated metabolic disturbances, whereas prolonged
transport altered creatine, histamine, and palmitic acid levels, mainly involving arginine and proline metabolism and
glycerophospholipid metabolism. [Conclusion] Transport time and temperature jointly affected water quality,
physiological stress, and metabolic homeostasis in leopard coral grouper. Low-temperature transport mitigated
transport-induced disturbances, and the identified environmental and serum indicators may provide a basis for
characterizing transport stress and optimizing pre-slaughter handling of high-value live seafood.

Keywords: Leopard coral grouper, transportation, oxidative stress, nested leave-one-temperature-out (LOTO)

validation, Metabolomic
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Abstract: Herein, we systematically elucidated the structural evolution of sturgeon caviar membrane
phospholipids (PLs) during storage through multiscale characterization and identified key
phosphatidylcholine (PC) molecules governing membrane remodeling via computational chemistry
and multivariate statistics. Fresh samples exhibited a dense and stable membrane surface (Rq=12.2
nm). Within two weeks, membrane thickness and mass declined to 1.53 nm and 157.34 ng cm™,
respectively, attributable to hydration-induced softening and phospholipid rearrangement; after
three to four weeks, oxidative aggregation and fragmentation occurred. QCM-D analysis revealed
that phospholipid layer thickness and mass decreased from 2.804 nm and 289.38 ng cm™ to 1.526
nm and 157.34 ng cm™ within two weeks, followed by partial recovery due to oxidative aggregation.
Fluorescence anisotropy and Raman spectroscopy demonstrated transient acyl chain ordering
followed by oxidative rearrangement, with significant reductions in band widths at 1650 cm™ (C=C)
and 1300/1440 cm™ (CHz) after one week (p < 0.05). Computational chemistry based on molecular
descriptors and ECFP4 fingerprints identified key structural features, including EState, PEOE,
SlogP, and bit fragments within the glycerol backbone, ester bonds, and unsaturated acyl chains.
The PLS-DA model successfully discriminated the five storage groups (Q2 intercept = -1.098), and
Procrustes analysis revealed strong synergy between PC profiles and membrane physicochemical
indices (M2=0.66, P=0.01). Eighteen indices were screened via VIP > 1 to construct the membrane
synthesis index (MSEI). Pearson correlation (jtho| > 0.7) identified four core PC molecules, and
multiple linear regression established PC(18:0/22:6) and PC(16:0/20:4) as the most critical
molecules (R? = 0.766), whose content changes directly drive MSEI alterations. These findings
offered novel mechanistic insights into quality evolution of sturgeon caviar during storage and

provided a theoretical basis for quality improvement via membrane PLs modulation.

Key words: Sturgeon caviar; Membrane structure; Phospholipids; Storage quality; Correlation

analysis
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