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Abstract

To investigate the effects of Gracilaria lemaneiformis oligosaccharides on fatty
acid composition and volatile fishy odor compounds in tilapia, this study
prepared Gracilaria lemaneiformis oligosaccharides via biodegradation and
formulated an oligosaccharide-supplemented diet containing 1% Gracilaria
lemaneiformis oligosaccharides added to a basal diet. Tilapia with an initial
body weight of (12.20£0.23) g were fed either the basal diet (control group)
or the oligosaccharide-supplemented diet (Gracilaria lemaneiformis oligosac-
charide group) for 7 months, with three replicates per dietary treatment
and 20 fish per replicate. Gas chromatography-mass spectrometry (GC-MS)
analysis identified a total of 28 fatty acids (ranging from C12 to C24) in
tilapia abdominal muscle. Compared with the control group, the Gracilaria
lemaneiformis oligosaccharide group exhibited a reduced diversity of saturated
fatty acids (SFAs). Additionally, the relative contents of C20:5n-3 (EPA),
C22:6n-3 (DHA), and C20:4n-6 (ARA), as well as the DHA/EPA ratio, were
significantly elevated in the abdominal muscle of the oligosaccharide group
(P<0.05). Headspace solid-phase microextraction-gas chromatography-mass
spectrometry (HS-SPME-GC-MS) detected 31 volatile fishy odor compounds in
the control group and 25 in the Gracilaria lemaneiformis oligosaccharide group.
Ketones, amines, and aldehydes—volatile fishy odor compounds characterized
by strong odor intensity and low sensory thresholds—exhibited significantly
reduced relative contents in the oligosaccharide group compared with the con-
trol group (P<0.05). In conclusion, dietary supplementation with Gracilaria
lemaneiformis oligosaccharides effectively decreased SFA diversity, increased
the contents of ARA, DHA, and EPA in polyunsaturated fatty acids (PUFA)
and the DHA /EPA ratio, reduced the variety of volatile fishy odor compounds,
and lowered the relative contents of ketones, amines, and aldehydes in tilapia
abdominal muscle.
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Abstract

To investigate the effects of Gracilaria lemaneiformis oligosaccharides on the
fatty acid and volatile odor substance compositions of tilapia (Oreochromis
mossambicus), we prepared G. lemaneiformis oligosaccharides via biological
degradation and formulated an oligosaccharide-supplemented diet by adding
1% G. lemaneiformis oligosaccharides to a basal diet. Tilapias with an initial
body weight of (12.20£0.23) g were fed either the basal diet (control group)
or the oligosaccharide-supplemented diet (oligosaccharide group) for 7 months.
Each dietary treatment consisted of three replicates with 20 fish per replicate.
Gas chromatography-mass spectrometry (GC-MS) analysis identified 28 fatty
acids in tilapia belly meat, ranging from C12 to C24. Compared with the con-
trol group, the oligosaccharide group exhibited significantly reduced diversity
of saturated fatty acids (SFAs). In terms of fatty acid content, the relative con-
tents of C20:5n-3 [eicosapentaenoic acid (EPA)], C22:6n-3 [docosahexaenoic acid
(DHA)], and C20:4n-6 [arachidonic acid (ARA)], as well as the DHA /EPA ratio,
were significantly elevated in the oligosaccharide group (P<0.05). Headspace
solid-phase microextraction coupled with GC-MS (HS-SPME-GC-MS) detected
31 volatile odor compounds in the control group and 25 in the oligosaccharide
group. The predominant odor-active compounds with low sensory thresholds
included ketones, amines, and aldehydes, all of which showed significantly re-
duced relative contents in the oligosaccharide group (P<0.05). These results
demonstrate that dietary supplementation with G. lemaneiformis oligosaccha-
rides effectively reduces SFA diversity while increasing the contents of ARA,
DHA, and EPA, as well as the DHA/EPA ratio, in tilapia belly meat. Fur-
thermore, it reduces both the variety and relative abundance of volatile odor
compounds, particularly ketones, amines, and aldehydes.

Keywords: Gracilaria lemaneiformis; oligosaccharides; Oreochromis mossam-
bicus; fatty acids; volatile odor substances
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Tilapia (Oreochromis mossambicus), a tropical fish species native to Africa and
the Middle East, is now widely cultivated in over 100 countries and regions world-
wide. China introduced Mozambique tilapia from Southeast Asia in the early
1950s, and it has become one of the country’ s major processed and exported
aquatic products, accounting for approximately 55% of global production [?].
Tilapia is highly valued for its nutritional quality, tender flesh, and affordability.
With rising living standards, consumers increasingly demand higher fatty acid
content and better flavor profiles in aquatic products, including tilapia. Unsat-
urated fatty acids, particularly n-3 polyunsaturated fatty acids (PUFAs), play
crucial roles in immune regulation, cardiovascular health, anti-inflammatory re-
sponses, and anti-allergic functions [?].

However, some aquatic products develop unpleasant fishy odors that negatively
affect consumer acceptance. Fish odor compounds are complex mixtures primar-
ily composed of low-molecular-weight aldehydes, ketones, alcohols, and sulfur-
containing volatile substances. Fishy odor formation involves multiple mecha-
nisms: first, volatile organic compounds from the environment can adsorb onto
fish surfaces during culture and storage through physical processes, intensifying
inherent off-odors; second, under inappropriate conditions, microbial prolifer-
ation and enzymatic reactions in fish tissue can degrade precursor substances
such as fatty acids, generating malodorous compounds [?].

Gracilaria lemaneiformis, a species of red algae, is rich in polysaccharides,
proteins, cellulose, and minerals, making it a valuable resource for food, feed,
and pharmaceutical applications. Agar degradation of G. lemaneiformis
yields oligosaccharides composed of 2-10 monosaccharide units, including
agaro-oligosaccharides and neoagaro-oligosaccharides. Agaro-oligosaccharides
have 3,6-anhydro- -L-galactose residues at their reducing ends, predominantly
agarotriose, while neoagaro-oligosaccharides have -D-galactose residues at
their reducing ends, mainly neoagarobiose, neoagarotetraose, neoagarohexaose,
and neoagarooctaose [?]. Previous studies have demonstrated that seaweed
oligosaccharides possess antioxidant, antitumor, immunomodulatory, and
anti-inflammatory activities, indicating significant development potential
[?]. However, no reports have examined the effects of G. lemaneiformis
oligosaccharides on the physiological characteristics of tilapia.

Therefore, this study prepared G. lemaneiformis oligosaccharides through bio-
logical degradation and investigated their effects on fatty acid composition and
volatile odor substance profiles in tilapia using GC-MS and HS-SPME-GC-MS
techniques, aiming to promote the application of G. lemaneiformis oligosaccha-
rides in aquafeeds.

1.1 Experimental Materials and Instruments

Tilapia fry were purchased from Xiamen Nongjiafa Aquaculture Technology
Co., Ltd. Basal feed was obtained from Xiamen Fuxing Biological Feed Co.,
Ltd. Gracilaria lemaneiformis was sourced from marine farms in Putian, Fujian.
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Chromatography-grade methanol and fatty acid methyl ester standards were
purchased from Sigma-Aldrich (USA). Oligosaccharide standards were obtained
from Qingdao Bozhihuili Bio-Technology Co., Ltd. All other reagents were of
analytical grade.

Instrumentation included a GCMS-QP2010 Plus gas chromatograph-mass spec-
trometer (Shimadzu, Japan), a 65 m PDMS/DVB SPME fiber (Supelco, USA),
a PL4002 electronic balance (Mettler-Toledo, Shanghai), an XMTD-8222 ther-
mostatic water bath (Shanghai Jinghong Experimental Equipment Co., Ltd.),
a T10 high-speed homogenizer (IKA Group, Guangzhou), and a DIONEX ion
chromatograph (Thermo Fisher Scientific, USA).

1.2 Preparation and Identification of Gracilaria lemaneiformis
Oligosaccharides

Dried G. lemaneiformis powder was dissolved in seawater to prepare a 3% (w/v)
degradation medium. Flammeovirga pacifica WPAGA1 bacteria in logarithmic
growth phase (OD = 0.6-0.8) were inoculated into the medium at a 1:50
(v/v) ratio and cultured at 37°C with shaking at 200 rpm for 42 h [?]. After
cultivation, the culture was centrifuged at 12,000xg for 20 min at 4°C. The
supernatant was filtered through a 3 kDa membrane to remove water-soluble
proteins and polysaccharides, then mixed with three volumes of absolute ethanol
and stored at 4°C overnight for 8 h. Following centrifugation at 12,000 x g for 10
min at 4°C, the supernatant was evaporated to remove ethanol and lyophilized
to obtain G. lemaneiformis oligosaccharide powder.

Ton chromatography was used to identify the main components: oligosaccharide
samples were dissolved in double-distilled water and separated on an IonPac
column (250 mm x 4 mm) using a mobile phase of 100 mmol/L NaOH and 150
mmol/L NaAc at a flow rate of 0.25 mL/min for 50 min. Eluted components
were detected by conductivity and compared with oligosaccharide standards to
determine the main constituents.

1.3 Tilapia Feeding Trial Design

Oligosaccharide-supplemented diet preparation: Basal freshwater fish
pellet feed was ground and passed through an 80-mesh sieve. G. lemaneiformis
oligosaccharide powder was added at 1% (w/w), thoroughly mixed, hydrated
with appropriate water, formed into strips, pelleted, dried at 40°C, cooled, and
stored in sealed bags.

Control diet: Basal feed was ground and sieved without any additives, then
processed identically to produce pellets of uniform size.

Culture management: The experiment was conducted in concrete tanks (1
m X 1 m) disinfected with quicklime and potassium permanganate before use.
After acclimation on basal feed for 3 months, healthy tilapias with uniform size
(initial weight: 12.20£0.23 g) were randomly allocated to two groups (three
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replicates per group, 20 fish per replicate). Culture conditions included wa-
ter depth of 80-100 cm, temperature of 294+2°C, pH of 7.5+0.1, continuous
aeration, and natural photoperiod. Fish were fed the control or oligosaccharide-
supplemented diet at 4% body weight daily, divided into two feedings at 09:00
and 17:00. Uneaten feed and feces were removed 1 h after feeding. One-third
of the water volume was replaced every 3 days, with complete water exchange
weekly to maintain water quality. The feeding trial lasted 7 months.

1.4 Fatty Acid Composition Analysis

Total lipid extraction and methylation [?]: At the end of the trial, six
tilapias per group were sacrificed and 8 g of fresh belly meat was collected on ice.
After washing with phosphate-buffered saline (PBS) and mincing, samples were
homogenized in 300 mL of chloroform-methanol (2:1, v/v) and sonicated twice
on ice for 30 min each, followed by 24 h extraction. The mixture was filtered,
and the chloroform layer was collected in a separatory funnel and concentrated
by vacuum centrifugation to obtain total fatty acids. For methylation, 10 mg of
fatty acid sample was dissolved in 1 mL of 10% sulfuric acid-methanol solution
and incubated at 60°C for 15 min. After cooling, 1 mL of n-hexane was added,
vortexed, and the upper layer was collected for GC-MS analysis.

GC-MS conditions [?]: DB-Wax capillary column (60 m x 0.25 mm x 0.25
m); helium carrier gas at 1.0 mL/min; constant pressure of 40 kPa. Injector
and detector temperatures were 250°C. Oven temperature program: initial 50°C
held for 1 min, ramped to 180°C at 20°C/min, then to 230°C at 3°C/min, held
for 15 min. GC/MS interface and ion source temperatures were 250°C and
230°C, respectively. Electron ionization (EI) energy was 70 €V, with mass scan
range of m/z 50-500 and scan rate of 2 Hz.

1.5 Volatile Odor Substance Analysis

HS-SPME-GC-MS was used to detect volatile odor compounds in tilapia meat
after different dietary treatments [?].

Sample preparation and solid-phase microextraction: Two grams of
minced, washed belly meat was mixed with 8 mL of 0.1 g/mL NaCl solution,
homogenized, and transferred to a 15 mL headspace vial. The SPME needle
was inserted through the septum, and extraction was performed at 50°C for 30
min. The fiber was immediately desorbed in the GC injector at 250°C for 10
min.

GC-MS conditions: DB-5MS capillary column (30 m x 0.25 mm X 0.25 m);
helium carrier gas at 1.0 mL/min; splitless injection. Injector temperature was
250°C. Oven program: initial 40°C held for 3 min, ramped to 250°C at 8°C/min,
held for 10 min. GC/MS interface and ion source temperatures were 270°C and
230°C, respectively. EI energy was 70 €V, with mass scan range of m/z 35-350
and scan rate of 2 Hz.
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1.6 Statistical Analysis

Mass spectral data were automatically searched against the NIST05 and Wi-
ley libraries using Shimadzu software. Only compounds with similarity scores
>80% were reported. Relative contents were determined by peak area normal-
ization [?]. Data were organized using Excel 2007 and analyzed using SPSS
22.0. Independent-sample t-tests [?] were used to compare component contents
between treatments.

2.1 Preparation and Identification of Gracilaria lemaneiformis
Oligosaccharides

TIon chromatography analysis revealed that the oligosaccharides prepared
by microbial fermentation consisted primarily of neoagaro-oligosaccharides
(neoagarobiose, neoagarotetraose, neoagarohexaose) and agaro-oligosaccharides
(agarotriose) [Figure 1: see original paper]. The chromatographic peaks of the
prepared oligosaccharides matched those of standard compounds [Figure 1: see
original paper]-A, and their chemical structures are illustrated in [Figure 1: see
original paper|-B.

2.2 Effects of Gracilaria lemaneiformis Oligosaccharides on Fatty
Acid Composition

Tilapias were fed the basal diet supplemented with 1% G. lemaneiformis
oligosaccharides for 7 months. GC-MS analysis of fatty acid profiles in belly
meat is presented in .

A total of 28 fatty acids (C12-C24) were identified in both groups, with satu-
rated fatty acids (SFAs) predominating, followed by polyunsaturated fatty acids
(PUFASs) and monounsaturated fatty acids (MUFAs). The oligosaccharide group
showed reduced SFA diversity (6 types) compared with the control group (12
types), specifically lacking C12:0, C13:0, C21:0, C22:0, C23:0, and C24:0. No
differences were observed in unsaturated fatty acid diversity.

SFAs exhibited the highest relative content in both groups, primarily C16:0
followed by C18:0. The oligosaccharide group showed significantly lower C14:0
content (P<0.05), though most other SFAs remained unaffected (P>0.05). No-
tably, dietary supplementation significantly increased the relative contents of
multiple PUFAs (P<0.05), including n-3 PUFAs (EPA, DHA) and n-6 PUFA
(ARA). The DHA /EPA ratio and ARA content were significantly elevated, while
C18:2n-6 content was significantly reduced (P<0.05).

2.3 Effects of Gracilaria lemaneiformis Oligosaccharides on Volatile
Odor Substance Composition

HS-SPME-GC-MS detected 31 volatile odor compounds in the control group
and 25 in the oligosaccharide group . The major components were alkanes,
acids, and ketones, accounting for 64.5% of total detected compounds. Overall,
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the oligosaccharide group showed significantly reduced relative contents of most
volatile odor compounds (P<0.05).

The control group contained 10 alkanes and 1 alkene, while the oligosaccha-
ride group contained 8 alkanes and 1 alkene. 1-Chlorododecane was the most
abundant alkane in both groups. Three major alkanes (dodecane, 2,6,10,15-
tetramethylheptadecane, and tetracosane) showed significantly reduced relative
contents in the oligosaccharide group (P<0.05).

Six acid compounds were detected in the control group and five in the
oligosaccharide group, with benzoic acid being the most abundant. Benzoic
acid content was lower in the oligosaccharide group but not significantly
(P>0.05). Four ketones were identified in the control group and three
in the oligosaccharide group. The most abundant ketone in the control
group, 5-isopropyl-2,4-imidazolidinedione, was undetectable in the oligosaccha-
ride group. Two other ketones (2,2,3-trimethyl-1-phenyl-3-butylidene-1-one
and 4,4,5 6-tetramethyl-1,3-oxadiazin-2-thione) showed significantly reduced
relative contents (P<0.05).

Additional volatile compounds included aldehydes, amines, phenols, and esters.
Both groups contained two aldehydes (pentanal and heptadecyl aldehyde). Phe-
nolic compounds (2,4-di-tert-butylphenol, 2 6-di-tert-butyl-4-propionylphenol)
and aldehydes showed significantly lower relative contents in the oligosaccha-
ride group (P<0.05). The amine compound N,N-dimethyldecylamine, detected
at 9.35% relative content in the control group, was absent in the oligosaccharide

group.

3.1 Preparation and Identification of Gracilaria lemaneiformis
Oligosaccharides

Current methods for preparing seaweed oligosaccharides primarily include acid
hydrolysis [?] and biological degradation [?]. Biological degradation offers sev-
eral advantages over acid hydrolysis, including lower cost, environmental friend-
liness, simpler procedures, and higher efficiency. Moreover, biological degrada-
tion yields diverse oligosaccharide types with promising applications. In this
study, we used the agar-degrading deep-sea bacterium Flammeovirga pacifica
WPAGAL1 [?, 7] to biologically degrade G. lemaneiformis for feed supplementa-
tion.

Before exploring the biological functions of G. lemaneiformis oligosaccha-
rides, we analyzed their composition using ion chromatography. The F.
pacifica WPAGAL1 strain degraded G. lemaneiformis to produce neoagaro-
oligosaccharides and agaro-oligosaccharides. According to literature reports,
agaro-oligosaccharides and neoagaro-oligosaccharides are generated by -agarase
or -agarase cleavage of -1,3 or -1,4 glycosidic bonds in agar molecules [?]. Nu-
merous studies have reported various bioactivities of oligosaccharides, including
antitumor, anti-inflammatory, and antioxidant effects [?]. However, no studies
have investigated the effects of dietary G. lemaneiformis oligosaccharides on
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fish meat quality and flavor. This study is the first to supplement tilapia
feed with G. lemaneiformis oligosaccharides and analyze their effects on fatty
acid and volatile odor substance compositions, providing new insights for
oligosaccharide feed development.

3.2 Effects of Gracilaria lemaneiformis Oligosaccharides on Fatty
Acid Composition

C14:0 and C18:0 are common saturated fatty acids in tilapia. In this study,
C16:0 was the predominant SFA in belly meat of both groups, consistent with
findings in other freshwater fish species [?, ?]. The high contents of C16:0 and
C18:0 indicate that these fatty acids serve as major energy sources in many
tilapia tissues [?]. C14:0 positively correlates with hepatic cholesterol synthesis
[?], and its significant reduction in the oligosaccharide group suggests that G.
lemaneiformis oligosaccharides may help lower cholesterol levels in tilapia.

PUFAs and MUFAs, containing unsaturated bonds, are susceptible to free rad-
ical attack, which affects cell membrane structure, fluidity, and physiological
status [?]. Gao [?] reported that agaro-oligosaccharides exhibited DPPH - scav-
enging activity with an IC value of 0.89 mg/mL and could inhibit superoxide
anion production by paraquat while enhancing paraquat tolerance in Drosophila,
particularly in females. Chen et al. [?] found that agaro-oligosaccharides with
polymerization degrees of 2, 4, 6, 8, and 10 effectively scavenged superoxide an-
ion radicals (O ), hydroxyl radicals (- OH), and DPPH-. Liu [?] demonstrated
that G. lemaneiformis oligosaccharides significantly enhanced the activities of
glutathione peroxidase, superoxide dismutase, alkaline phosphatase, and cata-
lase, as well as total antioxidant capacity in black seabream liver. Zhou et
al. [?] suggested that highly unsaturated fatty acids (HUFAs) may reduce lipid
content in carp hepatopancreas by decreasing lipid synthesis or inhibiting lipid
transport. Therefore, oligosaccharides may exert antioxidant effects by directly
scavenging O -, «- OH, and DPPH - or by enhancing antioxidant enzyme activ-
ities [?], thereby protecting PUFAs and MUFAs, regulating hepatic fatty acid
synthesis, and influencing fish fatty acid composition.

ARA is an important unsaturated fatty acid in aquatic animals, particularly
tilapia, serving as a key component in ovaries, sperm, and oocytes, and sig-
nificantly affecting fertilization rates, yolk sac volume, and hatching rates [?].
Tian et al. [?] found that ARA significantly reduced the expression of key li-
pogenic genes such as peroxisome proliferator-activated receptor (PPAR ) and
fatty acid synthase (FAS) in adipose tissue and hepatopancreas, affecting lipid
metabolism at the transcriptional level in grass carp. DHA and EPA are es-
sential for fish growth, survival, and normal physiological functions, and their
ratio significantly impacts these parameters and immune function [?]. Wu et
al. [?] reported that high DHA/EPA ratios (2.0-3.0) enhanced head kidney
leukocyte phagocytosis and respiratory burst activity in grouper compared with
low ratios (0.3-0.7). Belayev et al. [?] and Rossmeisl et al. [?] demonstrated
anti-inflammatory and lipid-lowering effects of DHA derivatives, such as 10,7s-
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docosatrienes, which inhibit polymorphonuclear leukocyte infiltration and pro-
inflammatory gene expression while providing neuroprotection [?]. In this study,
dietary G. lemaneiformis oligosaccharides significantly increased ARA content
and the DHA /EPA ratio, suggesting they may substantially influence fish im-
munity and tissue function by modulating these PUFA levels.

PUFAs provide numerous health benefits for humans, including hypolipidemic,
antiplatelet, hypotensive, antitumor, and immunomodulatory effects, signifi-
cantly reducing cardiovascular disease incidence [?], and are crucial for main-
taining normal brain structure and function [?]. Brain DHA content directly
affects membrane properties, synapse formation, and plasticity, thereby influ-
encing learning and memory [?]. MUFAs regulate lipid metabolism, reduce
low-density lipoprotein cholesterol oxidation susceptibility, protect vascular en-
dothelium, and decrease thrombotic status [?]. Tilapia is an important fresh-
water aquaculture species and advantageous export product in China, serving
as a major source of protein and unsaturated fatty acids [?]. The significant
increase in ARA, DHA, and EPA contents demonstrates that G. lemaneiformis
oligosaccharides can enhance the nutritional value of tilapia.

3.3 Effects of Gracilaria lemaneiformis Oligosaccharides on Volatile
Odor Substance Composition

Cai et al. [?] reported that volatile components were more abundant in rainbow
trout belly meat than in dorsal meat; therefore, we analyzed belly meat from
both tilapia groups. The predominant volatile odor compounds in tilapia belly
meat were alkanes, aldehydes, and ketones, accounting for 49.39%, 1.77%, and
7.62% in the control group, and 52.0%, 0.95%, and 2.73% in the oligosaccharide
group, respectively. Thus, fishy odor in tilapia may primarily originate from
volatile alkanes, aldehydes, and ketones [?].

Alkanes are generated through homolytic cleavage of fatty acid alkoxy radicals,
have relatively high sensory thresholds, and are considered to contribute mod-
estly to fish flavor [?]. 1-Chlorododecane was the most abundant alkane in both
groups. Chlorinated alkanes have been reported in fish oil volatile extracts and
described as having grassy odors [?], and may contribute to the characteristic
odor of rabbit meat [?]. Whether chlorinated alkanes are important components
of tilapia odor requires further investigation.

Aldehydes and ketones, as secondary lipid oxidation products, are primary con-
tributors to characteristic fish odors, particularly fishy smells [?]. Ketones are
important components of fish flavor, generally imparting fatty and burnt notes
[?], and many enones can interact with aldehydes to intensify fishy odors [?].
Low-molecular-weight aldehydes often produce fishy, musty odors at low concen-
trations; for example, pentanal has a strong pungent odor [?]. These compounds
have low olfactory thresholds and are readily perceived even at trace levels,
significantly impacting fish flavor [?]. In this study, three ketones (5-isopropyl-
2,4-imidazolidinedione, 2,2,3-trimethyl-1-phenyl-3-butylidene-1-one, and 4,4,5,6-
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tetramethyl-1,3-oxadiazin-2-thione) showed significantly reduced relative con-
tents in the oligosaccharide group, with 5-isopropyl-2,4-imidazolidinedione be-
ing undetectable, while the other two ketones were reduced to 46.4% and 42.9%
of control levels, respectively. Aldehyde contents (pentanal and heptadecyl
aldehyde) were also significantly lower in the oligosaccharide group. Many re-
searchers attribute enhanced fishy odor to degradation of unstable lipid oxida-
tion intermediates into small-molecular-weight aldehydes and ketones [?]. Nu-
merous studies have demonstrated that G. lemaneiformis oligosaccharides scav-
enge peroxide free radicals and maintain redox homeostasis [?]. We propose
that G. lemaneiformis oligosaccharides reduce aldehyde and ketone formation
by directly scavenging radicals and oxides or enhancing antioxidant enzyme ac-
tivity, thereby decomposing peroxides, interrupting peroxidation chains, and
preventing lipid oxidation.

Postmortem spoilage odors in fish primarily result from decomposition of ni-
trogenous substances, producing amines such as ammonia, trimethylamine, and
histamine [?]. The amine compound N,N-dimethyldecylamine was detected at
9.35% relative content in the control group but was absent in the oligosac-
charide group. Most amines have low sensory thresholds and fishy odors that
contribute to spoilage characteristics [?]; therefore, reduced amine content can
improve overall tilapia flavor.

4 Conclusion

In summary, feed prepared with G. lemaneiformis oligosaccharides produced
by deep-sea degrading bacterium Flammeovirga pacifica WPAGA1 effectively
reduced SFA diversity and increased the contents of ARA, DHA, and EPA, as
well as the DHA/EPA ratio, in tilapia belly meat. Additionally, it reduced the
variety and relative abundance of volatile odor compounds, particularly ketones,
amines, and aldehydes with low sensory thresholds and strong odors.
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