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This study evaluates the effects of dietary taurine on growth performance, serum 
biochemical indices, immune-related parameters, and intestinal health of juvenile 
American eel (Anguilla rostrata). 240 juvenile American eels were allocated to eight tanks 
(30 fish/tank; four replicate tanks/treatment) and fed a basal diet or the basal diet 
supplemented with 6 g/kg taurine for 10 weeks. 6 g/kg was selected basing on the lower 
bound of the 0.6-1.5% dietary taurine requirement range reported for carnivorous fish 
and yielding a total dietary taurine of approximately 0.738% when added to the 
calculated basal level (0.138%), close to the 0.79% estimated requirement for aquatic 
animals. Compared with the control, taurine supplementation significantly increased 
final body weight by approximately 4.1%, feed intake by 4.2%, and feed efficiency by 
3.3%, with significant increases also observed in weight gain rate and specific growth rate 
(P < 0.05). Serum immunoglobulin M concentration, activities of lysozyme, acid 
phosphatase, and alkaline phosphatase were significantly increased (P < 0.05), whereas 
complement component 3 was unchanged. Serum D-lactate concentration, activities of 
alanine aminotransferase, aspartate aminotransferase, and diamine oxidase decreased 
significantly (P < 0.05). Taurine also increased intestinal villus length and the thickness 
of the muscular layer (P < 0.05). Alpha diversity indices were not significantly affected, 
whereas taurine supplementation regulated the taxonomic composition of the intestinal 
microbiota. At the phylum level, Firmicutes and Actinobacteriota tended to decrease, 
whereas LEfSe analysis identified Faecalibaculum and Vibrio as enriched taxa in the 
taurine group (LDA score > 3.0; P < 0.05). In conclusion, 6 g/kg taurine supplementation 
improved the growth performance, selected serum biochemical and immune-related 
parameters, and intestinal health of juvenile American eels. These preliminary findings 
suggest that the growth-promoting effect of taurine may be partly associated with 
enhanced immune-related responses, improved intestinal barrier-associated 
characteristics, and modulation of intestinal microbial composition. 

1. INTRODUCTION 

Taurine (2-aminoethanesulfonic acid, C2H7NO3S) is a sul
fur-containing β-amino acid that is widely distributed in 
animal tissues. As a functional amino acid, taurine has re
ceived considerable research attention and has been widely 
used in the diets of aquatic animals.1 In fish, taurine par
ticipates in osmoregulation, bile acid conjugation, antioxi
dant defense, appetite regulation, and several immune re
sponses and maintenance of intestinal homeostasis.2 The 
capacity for endogenous taurine synthesis differs among 

species and is often limited in carnivorous fishes.1 The con
tent of fish meal in carnivorous fish feed is usually high, 
and fish meal is the main natural source of taurine. How
ever, taurine is a water-soluble amino acid and is prone to 
moisture loss during fish meal processing and feed prepara
tion.2,3 Moreover, the background taurine levels in different 
fish meal sources vary widely, and relying solely on a high 
addition of fish meal cannot ensure that the taurine con
tent in the feed meets the fish body’s requirements. 

Eels (Anguilla spp.) are economically important species 
in freshwater aquaculture worldwide. Their flesh is highly 
valued for its palatability and nutritional quality and is of
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ten referred to as “water ginseng” in China, making eel 
an important aquaculture commodity.4 With the decline 
in natural recruitment of Japanese eel (Anguilla japonica) 
and European eel (Anguilla anguilla), American eel (Anguilla 
rostrata) has become increasingly important in eel farming 
in the southeastern coastal regions of China.4 The Ameri
can eel is a typical carnivorous fish. Its feed contains a high 
amount of fish meal. However, there are currently no rele
vant reports on the dose-response or mechanistic data for 
taurine in high fish meal diets. 

Previous studies have shown that the dietary taurine re
quirement of aquaculture animals is approximately 0.79%.5 

In studies on carnivorous fish, the dietary taurine require
ment generally ranges from 0.6% to 1.5%.6‑8 Furthermore, 
research on Anguilla marmorata showed that adding 0.6% 
taurine (total content of 1.308%) resulted in higher weight 
gain and specific growth rates than in the other groups.6 

The combined proportion of red fish meal and white fish 
meal in the basal diet of this study accounted for 43%. 
Based on a weighted calculation using general reference 
values for taurine in fishmeal, the taurine content in the 
basal diet was only approximately 0.138%. In this study, 6 
g/kg (i.e., 0.6%) taurine was added to the basal diet; this 
supplementation level is at the lower end of the dietary 
taurine requirement range for carnivorous fish and repre
sents a conservative yet effective approach. We hypothe
sized that dietary taurine supplementation would improve 
growth performance and overall physiological and intesti
nal health in juvenile American eel. Therefore, the present 
study evaluated the effects of supplementing a high fish
meal diet with 6 g/kg taurine on growth performance, 
serum biochemical and immune-related indices, intestinal 
morphology, and intestinal microbiota of juvenile Ameri
can eel. The findings are expected to provide a reference for 
further studies on taurine supplementation and taurine re
quirements in this species. 

2. MATERIALS AND METHODS 

2.1. EXPERIMENTAL FISH AND DESIGN 

The animals used in the experiment were juvenile Amer
ican eels, purchased from Karenda Fisheries Co., Ltd. in 
Mingxi County, Sanming City, Fujian Province. After three 
weeks of acclimation, 240 healthy fish with an average 
weight of (11.84±0.03) g were randomly assigned to the 
control group and the taurine group. Each group has four 
repetitions, and each repetition consists of 30 fish. Then a 
10-week formal experiment was carried out. 

2.2. EXPERIMENTAL DIETS AND FEEDING TRIAL 

The basal diet contained 45.83% crude protein, 6.26% crude 
lipid, 9.53% ash, 6.85% moisture, 2.31% total calcium, and 
1.40% total phosphorus. The treatment diet was prepared 
by adding 6 g/kg taurine (purity 99%; Xiamen Longli In
dustrial and Trade Co., Ltd., Xiamen, China) to the basal 
diet. Diets were mixed for 20 min before use. The ingredient 
composition and proximate composition of the basal diet 

are shown in Table 1 . The 6 g/kg value refers to the formu
lated amount of exogenous taurine added to the basal diet. 

During the feeding trial, fish were fed twice daily at 06:00 
and 18:00 at a daily feeding rate of approximately 1-3% of 
body weight. The feed was mixed with water at 1.2 times its 
weight and kneaded into dough before feeding. The feed
ing amount was adjusted according to apparent feed con
sumption. Uneaten feed was collected 20 min after feeding, 
weighed, and recorded. Water temperature was maintained 
at 25-26 ℃, dissolved oxygen at 6.6-7.6 mg/L, pH at 7.8-8.2, 
and ammonia nitrogen below 0.25 mg/L. 

2.3. SAMPLE COLLECTION 

After the experiment, the juvenile American eels in each 
tank were counted and weighed. After fasting for 24 hours, 
15 fish from each tank were selected at random and nar
cotized with 2 grams per liter of eugenol for about 5 min
utes. Then, their body weight and body length were mea
sured. Blood was drawn from the caudal vein of the fish 
using a disposable sterile syringe. The blood samples were 
placed in a 4℃ refrigerator for 12 hours, then taken out 
and centrifuged (3000 × g, 4℃) for 10 minutes. The super
natant was aspirated and divided into centrifuge tubes, and 
kept in a refrigerator at -80 degrees for serum biochemical 
and immune analysis. After collecting blood, the eels were 
dissected and eviscerated, then the intestine was isolated 
using surgical scissors. Two intestinal tracts measuring 3 
mm were randomly collected from each tank, spread on fil
ter paper, and placed in electron microscope fixative for 
scanning electron microscopy. The foregut of three fish was 
placed in a frozen tube containing Bouin’s solution for sec
tion observation and stored in a refrigerator at 4 ℃. For in
testinal microbiota analysis, midgut samples were collected 
from four fish per tank, but ultimately only two samples per 
tank were used, with the remaining ones kept as backups. 
Samples were not pooled, resulting in eight individual sam
ples per treatment and 16 samples in total. A summary of 
the sampling scheme, including intestinal region, within-
tank sample number, total sample number, and statistical 
unit, is provided in Table 2 . 

2.4. GROWTH PERFORMANCE PARAMETERS 
CALCULATION 

After the feeding trial, all fish in each tank were weighed, 
and growth performance (WGR, SGR, FI, FE and SR) was 
calculated as follows: 

Weight gain rate (WGR, %) = (final weight (g/fish) - ini
tial weight (g/fish)) / (initial weight (g/fish)) × 100 

Specific growth rate (SGR, %/d) = [ln (final weight (g/
fish)) - ln (initial weight (g/fish))] / number of days × 100 

Feed intake (FI, g/fish) = feed consumption / number of 
final fish 

Feed efficiency (FE, %) = (final weight (g/fish)-initial 
weight (g/fish)) / feed consumption × 100 

Survival rate (SR, %) = number of fish at the end / num
ber of fish at the start × 100 
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Table 1. Ingredient composition and nutrient levels of basal diet         

Ingredients Proportion (%) Nutrition level (%) Proportion (%) 

Red fish meal 27.00 Moisture 6.85 

Enzymatic hydrolysis of complex soy protein 24.00 Crude protein 45.83 

α-Starch 24.22 Crude lipid 6.26 

White fish meal 16.00 Ash 9.53 

Yeast Powder 3.00 Total calcium 2.31 

Fish oil 1.90 Total phosphorus 1.40 

Extruded Soybean 1.50 

Calcium Dihydrogen phosphate 1.29 

Choline Chloride 0.50 

Vitamin premixa 0.40 

Mineral premixb 0.10 

Supplemented taurinec 0.00 

Total 100.00 

Notes: aVitamin Premix (IU or mg kg−1 of diet): VA 3200 IU, VB1 3.2 mg, VB2 1.2 mg, VB6 3 mg, VB12 0.04 mg, VC 160 mg, VD 1200 IU, VE 12 mg, Biotin 0.15 mg, VK3 4 mg, Folic acid 
1.9 mg, pantothenic acid 20 mg, Nicamidon 40 mg, Inositol 80 mg., 
bMineral Premix (mg kg−1 of diet): Cu 10 mg, Iron 190 mg, Mn 40 mg, Zn 80 mg. I 2 mg, Se 0.5 mg. Co 1.5 mg. 
cSupplemented taurine refers to exogenous taurine addition and does not represent the total taurine concentration of the finished diet. 

Table 2. A summary of the sampling scheme       

Analysis Sampling Per tank Per treatment Statistical unit 

Growth Whole tank 30 fish 4 tanks Tank, n=4 

Serum Serum measurements 2 8 measurements Tank mean, n=4 

Histology Foregut 3 fish 12 fish Tank mean, n=4 

SEM Intestinal segments 2 × 3 mm segments 8 segments Qualitative 

Microbiota Midgut 2 fish 8 fish samples Tank-aware analysis 

2.5. SERUM BIOCHEMICAL ASSAY 

Serum immunoglobulin M (IgM), complements C3 (C3), D-
lactate acid (D-lac), diamine oxidase (DAO), glutamic-ox
alacetic transaminase (GOT), glutamic pyruvic transami
nase (GPT), acid phosphatase (ACP), alkaline phosphatase 
(AKP) and lysozyme (LZM) were measured with commercial 
assay kits (Nanjing Jiancheng Bioengineering Institute, 
Nanjing, China) according to the manufacturer’s instruc
tions. For each tank, two within-tank serum measurements 
were obtained for each biochemical or immune-related 
variable. The two values were averaged to generate one 
tank-level value for statistical analysis. 

2.6. INTESTINAL MORPHOLOGY AND MICROSCOPY 

Foregut samples from three fish per tank were dehydrated 
through graded ethanol, cleared in xylene, embedded in 
paraffin, sectioned at 5 µm using a KD-TS3A microtome 
(Beijing Century Kexin Instrument Co., Ltd., Beijing, 
China), and stained with hematoxylin and eosin. Sections 
were observed with an Olympus BX80-JPA light microscope 
and analyzed using Image-Pro Plus 6.0 (Media Cybernetics, 
Silver Spring, MD, USA).9 Villus length and muscular layer 

thickness were summarized as tank level values for statisti
cal analysis. 

For scanning electron microscopy, intestinal samples 
were fixed in glutaraldehyde, washed three times in phos
phate buffer, dehydrated through a graded ethanol series, 
critical-point dried (K850, Quorum Technologies, UK), 
sputter-coated with gold (MC1000, Hitachi, Tokyo, Japan), 
and examined with an SU8100 scanning electron micro
scope (SEM, Hitachi, Tokyo, Japan).10 The micrographs 
were used as representative qualitative images and were 
not subjected to quantitative microvillus density analysis. 

2.7. INTESTINAL MICROBIOTA ANALYSIS 

A total of 16 individual midgut samples were subjected to 
16S rRNA sequencing, comprising two samples from each 
of the eight tanks. Intestinal bacterial DNA extraction, 
quality assessment, amplification of the bacterial 16S rRNA 
V3-V4 region, and the initial bioinformatic workflow fol
lowed Shi et al.11 Sequencing was conducted using an Illu
mina MiSeq PE300 platform by Beijing Allwegene Technol
ogy Co., Ltd. (Beijing, China). 
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Table 3. Effects of dietary taurine supplementation on growth performance of juvenile American eel             

Item Control Group Taurine Group 

IBW (g/fish) 11.84±0.03 11.78±0.05 

FBW (g/fish) 31.06±0.53a 32.34±0.33b 

FI (g/fish) 25.77±0.19a 26.84±0.10b 

WGR (%) 162.75±4.92a 174.50±2.08b 

SGR (%/d) 1.38±0.03a 1.44±0.01b 

FE (%) 74.16±1.05a 76.59±0.86b 

SR (%) 100.00±0.00 100.00±0.00 

ab Values within the same row with different superscripts are significantly different at P<0.05 level. The tables below were the same. 
IBW = initial body weight; FBW = final body weight; FI = feed intake; WGR = weight gain rate; SGR = specific growth rate; FE = feed efficiency; SR = survival rate. 

2.8. STATISTICAL ANALYSIS 

The tank was considered the experimental unit for all di
etary treatment comparisons. Growth performance vari
ables were calculated at the tank level, providing four in
dependent observations per treatment (n = 4 tanks). For 
serum biochemical and immune-related variables, the two 
within-tank measurements were averaged to obtain a single 
tank-level value, yielding n = 4 independent observations 
per treatment. For intestinal histological variables, mea
surements from fish within the same tank were similarly 
summarized to obtain a single tank-level value (n = 4 per 
treatment). The results were presented as mean ± SD and 
analyzed using one-way ANOVA to assess statistical sig
nificance (P<0.05) in SPSS 26.0 (IBM Corp., Armonk, N.Y., 
USA). The gut microbiota was analyzed using QIIME (ver
sion 1.8.0) and R (version 3.6.0; R-Statistical Corp., Vienna, 
Austria). The LDA score threshold was set to 3. Since only 
two treatments were compared, no multiple comparisons 
were necessary. 

3. RESULTS 

3.1. GROWTH PERFORMANCE 

As shown in Table 3 , final body weight, feed intake, weight 
gain rate, specific growth rate, and feed efficiency were 
higher in the taurine group than in the control group 
(P<0.05). Initial body weight was not significantly (P>0.05), 
and survival was 100% in both groups. 

3.2. SERUM BIOCHEMICAL AND IMMUNE-RELATED 
PARAMETERS 

The effects of taurine supplementation on serum biochem
ical and immune-related parameters of juvenile American 
eels are shown in Table 4 . Serum GOT, GPT, DAO, and D-
lactate were lower in the taurine group (P<0.05). IgM and 
the activities of LZM, AKP, and ACP were higher in the tau
rine group (P<0.05). The complement C3 was not signifi
cantly affected between treatments (P>0.05). 

3.3. INTESTINAL MORPHOLOGY 

The results of intestinal morphology parameters are pre
sented in Table 5  and Figures 1-2 . Intestinal villus length 
(VL) and muscular layer thickness (MT) were greater in the 
taurine group than in the control group (P<0.05; Table 5 
and Figure 1). As shown in Figure 2, the intestinal epithe
lial cells of the taurine group were closely arranged, and the 
thickness of microvilli was uniform. Representative SEM 
images showed qualitative differences in the appearance of 
the intestinal mucosal surface between the two groups. No 
quantitative microvillus density analysis was performed. 

3.4. ALPHA DIVERSITY OF THE INTESTINAL 
MICROBIOTA 

No significant differences were observed in ACE, Chao1, 
Shannon, Simpson, or coverage between the control and 
taurine groups (P > 0.05; Table 6 ). Coverage exceeded 99% 
in both groups, indicating adequate sequencing depth. 

3.5. INTESTINAL MICROBIOTA COMPOSITION AT THE 
PHYLUM LEVEL 

As shown in Figure 3 , Proteobacteria, Bacteroidota, Acti
nobacteriota, and Firmicutes were the predominant phyla 
in both groups. In the taurine group, the relative abun
dances of Firmicutes and Actinobacteriota exhibited a 
downtrend, whereas the Proteobacteria and Bacteroidetes 
showed no significant alterations. 

3.6. LEFSE ANALYSIS OF INTESTINAL MICROBIOTA AT 
THE GENUS LEVEL 

LEfSe analysis identified the family Muribaculaceae as more 
abundant in the control group and the genera Faecalibacu
lum and Vibrio as more abundant in the taurine group (LDA 
score > 3.0; P < 0.05; Figure 4 ). 

4. DISCUSSION 

The results of this experiment show that adding 6 g/kg of 
taurine to the feed can observably increase the FBW, WGR, 
SGR, FI and FE of juvenile American eel, indicating that 
taurine can further the growth performance for juvenile 

Effects of dietary taurine supplementation on growth performance, serum biochemical responses, and inte…

Israeli Journal of Aquaculture - Bamidgeh 210



Table 4. Effects of dietary taurine on serum biochemical indicators of juvenile American eel             

Item Control Group Taurine Group 

GOT (U/L) 12.32±1.35b 6.63±0.67a 

GPT (U/L) 2.19±0.47b 1.30±0.13a 

GOT/GPT 5.96±1.58a 5.20±0.40b 

DAO (U/L) 1.07±0.25b 0.34±0.24a 

D-lac (nmol/mL) 4.38±0.51b 2.86±0.47a 

Ig M (μg/mL) 1170.77±72.86a 1419.75±84.64b 

C3 (μg/mL) 1111.60±22.53 1112.30±36.95 

LZM (U/mL) 5.07±0.60a 6.14±0.36b 

AKP (king unit/100mL) 4.32±0.16a 5.58±0.64b 

ACP (king unit/100mL) 4.80±0.38a 6.17±0.76b 

GOT= glutamic-oxalacetic transaminase; GPT= glutamic-pyruvic transaminase; DAO = diamine oxidase; D-lac = D-lactic acid; Ig M = Immunoglobulin M; C3=complement C3; LZM = 
lysozyme; AKP = alkaline phosphatase; ACP = acid phosphatase. 

Table 5. Effects of dietary taurine supplementation on the VL and MT of intestine of juvenile American eel                 

Item Control Group Taurine Group 

VL (μm) 589.95±72.72a 788.17±100.04b 

MT (μm) 72.92±3.87a 122.14±20.67b 

VL = Villi length; MT = Muscle layer thickness. 

Figure 1. The intestinal morphology of American eels between (A) control and (B) taurine groups. (Magnification               
× 100).   

American eel. Similar growth-promoting responses have 
been reported in several fish species, although the magni
tude and direction of the response vary with species, phys
iological stage, basal diet composition, and taurine supple
mentation level.8,12‑14 In the present study, FI increased by 
approximately 4.2%, FBW by 4.1%, and FE by 3.3%, sug
gesting that greater feed intake may have contributed to 
the growth response, while the concurrent increase in FE 
indicates that changes in feed utilization may also have 
been involved. In contrast, supplementation with 9.7 g/kg 
taurine reduced growth performance and increased produc
tion costs in Nile tilapia (Oreochromis niloticus),15 demon

strating that higher taurine inclusion does not necessarily 
confer greater benefits. Collectively, these findings indicate 
that responses to taurine are likely influenced by species 
specific metabolism, physiological stage, basal dietary com
position, endogenous taurine supply, and supplementation 
level. 

The activities of GOT and GPT are often used as indi
cators for judging the degree of liver injury, and they are 
mainly scattered among the mitochondria of liver cells. 
Cellular injury may increase membrane permeability and 
promote the release of intracellular transaminases into the 
circulation, resulting in elevated serum GOT and GPT activ
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Figure 2. Representative SEM images of the intestinal mucosal surface of juvenile American eels. (A) Control               
group; (B) taurine group.     

Table 6. Influence of taurine-supplemented diets on the alpha diversity indexes of intestinal microbiota of              
juvenile American eels    

Item Control Group Taurine Group 

Shannon 2.31±0.57 2.05±0.50 

Simpson 0.23±0.08 0.31±0.12 

Ace 204.59±80.78 213.77±94.96 

Chao1 200.47±77.84 214.64±90.76 

Coverage rate (%) 99.63±0.19 99.59±0.23 

Figure 3. The intestinal microbiota composition at phylum level of juvenile American eel in the control group                
and taurine group    
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Figure 4. The LEfSe analysis displaying the enriched bacteria in the intestine of juvenile American eel in the                 
control and taurine groups. The length of the histogram represents the influence of significantly different                
bacteria between the two groups.      

ities.16,17 In the present study, dietary taurine supplemen
tation significantly decreased serum GOT and GPT activi
ties in juvenile American eels, suggesting reduced cellular 
enzyme leakage and a potentially improved physiological 
status. Similar decreases in serum transaminase activities 
following taurine supplementation have also been reported 
in rice field eel,18 Japanese flounder (Paralichthys oli
vaceus)19 and Cynoglossus semilaevis.20 This effect may be 
related to taurine’s ability to maintain cellular membrane 
integrity and alleviate tissue stress, thereby reducing the 
release of intracellular transaminases into the bloodstream. 

Serum IgM, complement C3, LZM, ACP, and AKP are 
commonly used to characterize immune status in fish. IgM 
is the predominant immunoglobulin involved in the hu
moral immune response of teleost, whereas C3 is a central 
component of the complement system and participates in 
innate immune defense and inflammatory regulation.21 In 
the present study, dietary taurine supplementation signif
icantly increased serum IgM concentration, while C3 was 
not significantly affected. Similar enhancement of serum 
IgM following taurine supplementation has been reported 
in yellow catfish (Pelteobagrus fulvidraco),22 channel catfish 
(Ictalurus punctatus),23 rice field eel,24 and golden pompano 
(Trachinotus ovatus).25 The higher IgM concentration sug
gests that taurine supplementation was associated with en
hanced selected humoral immune related responses in ju
venile American eel. However, the unchanged C3 
concentration in the present study indicates that the effect 
of taurine was not uniform across all circulating immune 
components, and therefore does not support a generalized 
stimulation of the complement system. The differential re
sponses of IgM and C3 may reflect differences in their reg
ulation, physiological functions, and sensitivity to dietary 
taurine. 

Dietary taurine supplementation also significantly el
evated serum LZM, ACP, and AKP activities. LZM is an 
important component of the innate antibacterial defense 
system and contributes to the hydrolysis of bacterial cell 
walls,26 whereas ACP is a canonical lysosomal enzyme that 
eliminates and degrades microbial pathogens and AKP is a 
polymorphous enzyme within the fish immune defense sys
tem, with the capacity to promote phagocytosis via mod
ification of pathogen surface molecules.27 Increased LZM 
activity following taurine supplementation has also been 
reported in longfin yellowtail (Seriola rivoliana),28 turbot 
(Scophthalmus maximus),29 and yellow catfish,30 while in
creased ACP and AKP activities have been observed in Cul
ter alburnus31 and longfin yellowtail.32 Collectively, the si
multaneous increases in IgM, LZM, ACP, and AKP indicate 
that 6 g/kg taurine enhanced selected humoral and innate 
immune-related responses in juvenile American eels. Nev
ertheless, the immunomodulatory effect of taurine appears 
to be dose- and species-dependent. For example, higher 
taurine supplementation levels have been associated with 
decreased LZM activity in black carp (Mylopharyngodon 
piceus),33 suggesting that greater taurine inclusion does not 
necessarily produce stronger immune responses. Therefore, 
the present findings support an immunomodulatory role of 
taurine at the tested supplementation level, although the 
underlying mechanisms and the optimal dose for immune 
regulation in American eel still require further investiga
tion. 

The intestine is a major site of nutrient digestion and ab
sorption in fish, and maintenance of its structural integrity 
is essential for normal intestinal function.34 Serum D-lac 
concentration and DAO activity are commonly used as in
direct indicators of intestinal mucosal integrity and per
meability. Damage to the intestinal mucosa may increase 
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intestinal permeability, facilitating the translocation of 
bacterially derived D-lactate and mucosal DAO into the pe
ripheral circulation.35 In the present study, dietary taurine 
supplementation significantly decreased serum D-lac con
centration and DAO activity, suggesting improved intesti
nal barrier integrity and reduced intestinal permeability in 
juvenile American eels. Consistently, taurine supplemen
tation significantly increased intestinal villus length and 
muscular layer thickness, which are commonly used as 
morphological indicators of intestinal health and may pro
vide favorable structural conditions for nutrient digestion 
and absorption.10,36 Similar improvements in intestinal 
morphology have been reported in rice field eel.18 In ad
dition, taurine supplementation has been reported to in
crease the expression of tight-junction-related genes in 
coho salmon (Oncorhynchus kisutch),37 channel catfish,23 

and turbot,38 with comparable barrier protective effects 
also observed in growing piglets.39 Taken together, the re
ductions in serum D-lac and DAO, together with the im
proved intestinal morphology, support a beneficial effect of 
taurine on intestinal barrier-associated characteristics. Be
cause tight junction proteins, oxidative stress markers, and 
nutrient digestibility were not directly measured in the pre
sent study, these findings should be interpreted as barrier 
associated changes rather than evidence of a defined mech
anistic pathway. These changes may partly contribute to 
the improved feed utilization and growth performance ob
served in the present study. 

The intestinal microbiota is closely involved in nutrient 
metabolism, mucosal homeostasis, and immune regulation 
in fish.25 In the present study, dietary taurine supplemen
tation did not significantly affect the alpha diversity indices 
of the intestinal microbiota, suggesting that the overall 
richness and diversity of the bacterial community remained 
relatively stable. Nevertheless, marked differences were ob
served in microbial composition between the two dietary 
groups, indicating that taurine primarily altered the taxo
nomic structure rather than the overall alpha diversity of 
the intestinal microbiota. At the phylum level, taurine sup
plementation decreased the relative abundances of Acti
nobacteriota and Firmicutes. Previous studies in fish have 
associated changes in these phyla with intestinal physi
ological status and growth performance,11,40 and reduced 
Firmicutes abundance has also been reported in American 
eels supplemented with oligomeric proanthocyanidins or 
Macleaya cordata extract.9,41 Nevertheless, both Actinobac
teriota and Firmicutes comprise functionally diverse taxa; 
therefore, their decreased relative abundances cannot by 
themselves be interpreted as evidence of improved intesti
nal health. Rather, these changes further indicate that di
etary taurine modified the intestinal microbial composition 
of juvenile American eels. 

LEfSe analysis identified several differential bacterial 
taxa between the two dietary groups. Muribaculaceae was 
more abundant in the control group, whereas Faecalibacu
lum and Vibrio were more abundant in the taurine group. 
Muribaculaceae is a functionally diverse bacterial family 
that typically plays a positive role in maintaining gut 
health, but its effects may vary across host species and 

dietary environments.42 Although existing studies have 
demonstrated that when the gut microbiota is dominated 
by Muribaculaceae, the risk of pathogen infection in mice 
will increase, and even sepsis may be induced,42 no relevant 
reports have been documented in fish species to date. 
Therefore, its higher abundance in the control group can
not be interpreted as evidence of increased infection risk. 
Similarly, the genus Vibrio contains commensal, oppor
tunistic, and pathogenic members, and genus level 16S 
rRNA sequencing does not allow the functional identity of 
the increased taxa to be determined. The role of Faecalibac
ulum in the intestine of American eel also remains poorly 
characterized. Therefore, these LEfSe results support a tau
rine associated shift in intestinal microbial composition but 
do not establish whether individual differential taxa were 
beneficial or detrimental to the host. 

Collectively, dietary taurine supplementation was asso
ciated with lower serum D-lac concentration and DAO ac
tivity, improved intestinal morphology, and a distinct in
testinal microbial composition in juvenile American eels. 
Taken together, these changes were associated with a more 
favorable intestinal physiological profile involving mucosal 
structure, barrier-associated characteristics, and microbial 
composition. These responses may partly contribute to the 
observed improvements in feed utilization and growth, but 
a direct causal relationship cannot be established from the 
present design. Moreover, from a practical perspective, sup
plementation with 6 g/kg taurine produced modest but sig
nificant improvements in growth under the present high-
fishmeal feeding conditions, including approximately 4.1% 
higher FBW and 3.3% higher FE than the control. These 
findings indicate that additional taurine may have practical 
value even in a diet containing 43% fishmeal. However, be
cause the lack of a feed cost-benefit analysis, the present 
study does not provide sufficient evidence to recommend 
routine commercial supplementation at 6 g/kg. Further 
dose-response trials combined with economic evaluation 
under commercial farming conditions are required to de
termine whether the observed biological benefits translate 
into a cost-effective feeding strategy. 

5. CONCLUSION 

In conclusion, supplementation with 6 g/kg taurine im
proved growth performance and was associated with favor
able changes in selected serum biochemical and immune-
related parameters, intestinal morphology, and intestinal 
microbial composition in juvenile American eels fed a high 
fishmeal diet. Because only one supplementation level was 
evaluated, the present study cannot determine an optimal 
taurine inclusion level or the dietary taurine requirement; 
the exact amount required still needs further study. 
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