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Abstract

This experiment aimed to investigate the effects of tea polyphenols on growth,
digestive function, immune performance, and disease resistance of tilapia (Ore-
ochromis niloticus x O. aureus). Six experimental diets were formulated by
supplementing 0 (control group), 100, 200, 400, 600, and 800 mg/kg tea polyphe-
nols into the basal diet, which were fed to tilapia with initial body weight of
(6.09$+£$0.07) g for 9 weeks, with 3 replicates per group and 25 fish per replicate.

The results showed that: compared with the control group, the weight gain
rate and feed conversion ratio of tea polyphenol-supplemented groups showed
no significant changes (P>0.05). However, the 100 and 200 mg/kg tea polyphe-
nol groups showed an increasing trend in weight gain rate, while the 400-800
mg/kg tea polyphenol groups showed a decreasing trend, with the 200 mg/kg
tea polyphenol group achieving the highest weight gain rate.

Dietary tea polyphenols had no significant effect on whole-body moisture, crude
protein, crude ash content, and apparent digestibility of crude protein in tilapia
(P>0.05). However, compared with the control group, high supplementation
levels (600, 800 mg/kg) of tea polyphenols significantly reduced the apparent
digestibility of dry matter, intestinal amylase and protease activities, and whole-
body crude lipid content (P<0.05).

Compared with the control group, dietary supplementation with 200, 400, 600,
and 800 mg/kg tea polyphenols significantly increased serum superoxide dis-
mutase (SOD) and lysozyme (LZM) activities (P<0.05), while serum malondi-
aldehyde (MDA) content showed a trend of first decreasing and then increasing
with increasing tea polyphenol supplementation. The 200 mg/kg tea polyphenol
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group had the highest serum SOD activity and the lowest serum MDA content,
while the 400 mg/kg tea polyphenol group had the highest serum LZM activity.

After challenge with Aeromonas hydrophila, the cumulative mortality at 48 and
96 h in the 200, 400, 600, and 800 mg/keg tea polyphenol groups was signifi-
cantly lower than that in the control group (P<0.05), with the 400 mg/kg tea
polyphenol group showing the lowest cumulative mortality.

In summary, tea polyphenols can improve the immune performance of tilapia
and reduce mortality after Aeromonas hydrophila challenge, but have no signifi-
cant effect on growth performance. The recommended dietary supplementation
level of tea polyphenols for tilapia is 200-400 mg/kg.
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Abstract

This study investigated the effects of tea polyphenols (TP) on growth, diges-
tive function, immune performance, and disease resistance in hybrid tilapia
(Oreochromis niloticusxO. aureus). Six experimental diets were formulated by
supplementing a basal diet with 0 (control), 100, 200, 400, 600, or 800 mg/kg
TP. Each diet was fed to triplicate groups of 25 fish with an initial body weight
of (6.09$+$0.07) g for 9 weeks. The results showed that compared with the
control group, TP supplementation did not significantly affect weight gain rate
or feed conversion ratio (P>0.05). However, 100 and 200 mg/kg TP tended to
improve weight gain rate, while 400-800 mg/kg TP tended to reduce it, with
the highest weight gain rate observed in the 200 mg/kg group. Whole-body
moisture, crude protein, and ash contents, as well as apparent crude protein di-
gestibility, were not significantly affected by dietary TP (P>0.05). In contrast,
high TP levels (600 and 800 mg/kg) significantly reduced dry matter apparent
digestibility, intestinal amylase and protease activities, and whole-body crude
lipid content (P<0.05). Supplementation with 200, 400, 600, and 800 mg/kg
TP significantly increased serum superoxide dismutase (SOD) and lysozyme
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(LZM) activities (P<0.05), while serum malondialdehyde (MDA) content first
decreased and then increased with rising TP levels. The 200 mg/kg group
exhibited the highest serum SOD activity and lowest MDA content, whereas
the 400 mg/kg group showed the highest LZM activity. Following challenge
with Aeromonas hydrophila, cumulative mortality at 48 and 96 h was signifi-
cantly lower in the 200, 400, 600, and 800 mg/kg groups compared with the
control (P<0.05), with the 400 mg/kg group showing the lowest mortality. In
conclusion, TP can enhance immune performance and reduce mortality after
A. hydrophila challenge in hybrid tilapia, though it does not significantly affect
growth performance. The recommended dietary TP supplementation level for
hybrid tilapia is 200-400 mg/kg.

Keywords: tea polyphenols; hybrid tilapia; growth; digestibility; immune per-
formance; disease resistance

Tea polyphenols are polyhydroxy phenolic compounds extracted from tea
leaves and tea by-products, accounting for approximately 30% of tea dry
weight. Their main components include catechins, flavonoids, phenolic acids,
anthocyanins, and their derivatives [1]. Tea polyphenols exhibit antioxidant,
immune-enhancing, disease-preventing, and lipid metabolism-regulating effects
[2-5], and have been widely applied in food preservation, clinical medicine, and
animal husbandry. Recent research has begun to focus on their applications
in aquaculture. Xu et al. [6] reported that dietary supplementation with
25-100 mg/kg TP significantly improved liver immune enzyme activities in
rainbow trout (Oncorhynchus mykiss). Hwang et al. [7] found that feeding
juvenile black rockfish (Sebastes schlegeli) diets containing 1%-5% green tea
extract significantly improved weight gain rate and stress resistance. Long
et al. [8-9] demonstrated that 50 and 100 mg/kg TP supplementation signif-
icantly increased weight gain rate and liver antioxidant capacity in juvenile
Wuchang bream (Megalobrama amblycephala), while reducing mortality after
A. hydrophila infection.

The long-term use of antibiotics has led to serious problems with pathogen
resistance and drug residues, posing significant threats to aquaculture develop-
ment [10]. Consequently, identifying safe and effective antibiotic alternatives
has become a research priority. Tea polyphenols possess a broad antimicro-
bial spectrum and can inhibit the growth of various pathogens [11-12], while
also enhancing fish immune performance [13-14], making them a potential an-
tibiotic substitute. This study used hybrid tilapia (Oreochromis niloticusx O.
aureus) as the experimental model to investigate the effects of different dietary
TP levels on growth, digestive function, immune performance, and resistance
to A. hydrophila infection, providing a theoretical basis for TP application in
aquaculture.
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1.1 Experimental Diets

A basal diet was formulated using fish meal, soybean meal, cottonseed meal,
and rapeseed meal as primary protein sources, and soybean oil as the main lipid
source (containing 32.06% crude protein and 5.62% crude lipid). Six experi-
mental diets were prepared by supplementing the basal diet with 0 (control),
100, 200, 400, 600, or 800 mg/kg TP [14]. Yttrium oxide (Y,05) was added
at 0.05% to all diets to determine nutrient apparent digestibility. Major feed
ingredients were ground to pass through a 40-mesh sieve, mixed progressively,
and processed into 2 mm diameter hard pellet sinking diets using a single-screw
extruder (SLP-45, Fishery Machinery Research Institute, Chinese Academy of
Fishery Sciences) at a processing temperature of (85$+$5) °C. The pellets were
dried at 55 °C and stored at 4 °C. The composition and nutrient levels of the
basal diet are presented in Table 1 . Tea polyphenols (98% purity) were provided
by Shandong Fengtai Biological Technology Co., Ltd.

Table 1 Composition and nutrient levels of the basal diet (air-dry
basis)

Ttems Content

Ingredients?)
Fish meal

Soybean meal
Cottonseed meal
Rapeseed meal
Wheat middling
Rice bran

Soybean oil
Ca(HyPOy),
Vitamin premix?)
Mineral premix?)
Choline chloride (50%)
Y,04

Total

Nutrient levels
Dry matter (DM)
Crude protein (CP)
Ether extract (EE)
Crude ash (Ash)

1) Feed ingredients were purchased from Shanghai Nonghao Feed Co., Ltd. The
crude protein content of fish meal (Peru), soybean meal, rapeseed meal, and
cottonseed meal was 65.18%, 44.65%, 36.64%, and 44.77%, respectively.

%) The vitamin premix provided the following per kg of diet: VA 6,000 IU, VD4
1,000 IU, VE 60 IU, VK 5 mg, VB; 15 mg, VB, 15 mg, VB; 30 mg, VB; 35
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mg, VB4 20 mg, biotin 2 mg, folic acid 3 mg, VB, 0.03 mg.

3) The mineral premix provided the following per kg of diet: Ca(IO5), 0.04 g,
CoCl, - 6H,0 0.01 g, FeSO, - H,O 0.446 g, ZnSO, - H,O 0.232 g, MnSO,, - H,O
0.063 g, NaSeO, - 5H,0 0.01 g, MgSO, - TH,0 0.645 g.

1.2 Experimental Fish and Rearing Management

The feeding trial was conducted at the Binhai Special Aquaculture Farm of

Shanghai Ocean University for 9 weeks. Hybrid tilapia were purchased from

Shanghai Xinchang Tilapia Breeding Farm and acclimated to the control diet for

one week prior to the experiment. A total of 450 fish with an average initial body

weight of (6.09$+0.07)gwererandomlydistributedintol8netcages(1.5mx1.0mx1.2m)atadensityo f25 fishperca
00,12 : 00, and17 : 00).Duringthetrial, waterwasexchangedtwiceweekly(one —

thirdo fthevolumeeachtime). W atertemperaturewasmaintainedat(28+2)°C, pHat7.5+30.5,

dissolved oxygen concentration >6.0 mg/L, and ammonia nitrogen concentra-

tion <0.2 mg/L.

1.3 Sampling and Analysis

1.3.1 Growth Indices At the end of the 9-week feeding trial, fish were fasted
for 24 h before final counting and weighing to calculate growth indices. Three
fish were randomly selected from each cage for body length measurement and
dissection to obtain viscera and liver weights for morphological index calculation.
The following formulas were used:

o Weight gain rate (WGR, %) = 100 x (final mean weight - initial mean
weight) / initial mean weight

e Feed conversion ratio (FCR) = total feed intake / (final mean weight -
initial mean weight)

o Survival rate (SR, %) = 100 x final fish number / initial fish number

o Feed intake (FI, g) = total feed intake / fish number

o Hepatosomatic index (HSI, %) = 100 x liver weight / body weight

o Viscerosomatic index (VSI, %) = 100 x viscera weight / body weight

« Condition factor (CF, g/cm3) = 100 x body weight / body length?3

1.3.2 Proximate Composition Analysis After weighing, three fish per cage
were randomly selected for whole-body proximate composition analysis. Mois-
ture content was determined by oven drying at 105 °C, crude protein by the
Kjeldahl method using an automatic Kjeldahl analyzer (Kjeltec-2300, FOSS,
Sweden), crude lipid by Soxhlet extraction using a fat analyzer (SOX-416, Ger-
hardt, Germany), and crude ash by muffle furnace incineration at 550 °C using a
programmable box furnace (SXL-1008, Shanghai Jinghong Experimental Equip-
ment Co., Ltd.).

1.3.3 Serum Immune Indices Three additional fish per cage were randomly
selected for blood collection from the caudal vein. Blood samples were cen-
trifuged at 3,000 r/min for 10 min at 4 °C, and serum was harvested and
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stored at -80 °C until analysis. Serum superoxide dismutase (SOD), alkaline
phosphatase (AKP), lysozyme (LZM) activities, and malondialdehyde (MDA)
content were measured using commercial assay kits (Nanjing Jiancheng Bioengi-
neering Institute) following the manufacturer’ s instructions. SOD and AKP
activities were determined using a microplate reader (Synergy 2, BioTek, USA),
while MDA content and LZM activity were measured using a spectrophotometer
(Model 722, Shanghai Precision Scientific Instrument Co., Ltd.).

1.3.4 Intestinal Digestive Enzyme Activity The anterior intestine (from
stomach to the first intestinal bend) was dissected from the three fish sampled in
Section 1.3.3, rinsed with physiological saline to remove digesta, and stored at -
80 °C. For enzyme analysis, intestinal samples were thawed at 4 °C, homogenized
with 9 volumes of ice-cold physiological saline, and centrifuged at 3,000 r/min
for 10 min at 4 °C. The supernatant was used for enzyme activity assays.

e Amylase activity was measured using a commercial kit (Nanjing
Jiancheng Bioengineering Institute), defined as the amount of enzyme
that hydrolyzes 10 mg starch in 30 min at 37 °C per mg protein.

o Protease activity was determined by the Folin-phenol method using 2%
casein as substrate, defined as the amount of enzyme that produces 1 g
tyrosine per minute at pH 7.2 and 37 °C per g tissue protein.

¢ Intestinal protein content was measured by the Coomassie brilliant blue
method.

1.3.5 Nutrient Apparent Digestibility Feces were continuously collected
for 10 days starting from day 30 of the feeding trial to determine nutrient appar-
ent digestibility. Two hours after each feeding, feces were collected by siphoning.
Intact and continuous fecal samples were oven-dried at 60 °C and stored at -
20 °C until analysis. Yttrium oxide content in diets and feces was determined
by inductively coupled plasma optical emission spectrometry (Optima 8000DV,
PerkinElmer, USA). Crude protein content in feces was analyzed as described
in Section 1.3.2.

e Dry matter apparent digestibility (%) = 100 x (1 - b/B)
o Crude protein apparent digestibility (%) = 100 x [1 - (A/a x b/B)]

Where: a and A represent crude protein content in diet and feces, respectively;
b and B represent Y,O4 content in diet and feces, respectively.

1.3.6 Aeromonas hydrophila Challenge Test At the end of the feeding
trial, 12 fish from each cage were challenged with Aeromonas hydrophila. The
bacterial strain was obtained from the National Aquatic Animal Pathogen Bank
(Lt Liqun Laboratory) at Shanghai Ocean University. The bacteria were cul-
tured on nutrient agar plates at 28 °C for 24 h, then a single colony was inocu-
lated into sterile nutrient broth and incubated at 28 °C for 30 h. The culture
was centrifuged at 3,500 r/min for 5 min, the supernatant was removed, and
the pellet was resuspended in sterile physiological saline to a concentration of
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1.1$x107{8}$ CFU/mL (determined by preliminary experiments). Each fish
received an intraperitoneal injection of 0.2 mL bacterial suspension. Mortality
was recorded at 1, 24, 48, and 96 h post-challenge, and cumulative mortality
was calculated as:

o Cumulative mortality (CM, %) = 100 x cumulative deaths / total initial
fish number

1.4 Statistical Analysis All data (except survival rate) are expressed as
mean+standard deviation (SD) and were analyzed by one-way ANOVA using
SPSS 22.0 software. When significant differences were detected, Duncan’ s
multiple range test was applied. Statistical significance was set at P<0.05.

2.1 Effects of TP on Growth and Physical Indices

The effects of dietary TP on growth and physical indices are presented in Table
2 . After the 9-week feeding trial, survival rate was 100% in all groups, with
no significant differences in feed intake (P>0.05). Compared with the control
group, TP supplementation did not significantly affect weight gain rate or feed
conversion ratio (P>0.05). However, 100 and 200 mg/kg TP tended to improve
weight gain rate, while 200, 400, and 800 mg/kg TP tended to reduce it. No-
tably, the 800 mg/kg group showed significantly lower weight gain rate than
the 200 mg/kg group (P<0.05). Quadratic regression analysis of weight gain
rate (y) against TP supplemental level (x) yielded the equation y = -0.0003x? +
0.1224x + 1500 (R? = 0.5084), with the maximum weight gain rate predicted at
204 mg/kg TP. Regarding morphological indices, the hepatosomatic index was
significantly lower in the 600 and 800 mg/kg groups compared with the control
(P<0.05), while condition factor and viscerosomatic index showed no significant
differences among groups (P>0.05).

Table 2 Effects of TP on growth and physical indices of hybrid tilapia

Items TP supplemental level (mg/kg) 0 100 200 400 600 800

Initial  6.11$40.09]6.0740.05]6.1240.04]6.1140.11]6.07+0.06|6.12-0.07| | Finalbodyweight (F BW, g)|96.234
body

weight

(IBW,

g)

In the same row, values with no letter or the same letter superscripts indicate
no significant difference (P>0.05), while different letters indicate significant
difference (P<0.05). The same applies below.
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2.2 Effects of TP on Body Composition

The effects of TP on whole-body composition are shown in Table 3 . Compared
with the control group, dietary supplementation with 600 and 800 mg/kg TP
significantly reduced whole-body crude lipid content (P<0.05). No significant
differences were observed among groups in whole-body moisture, crude protein,
or ash contents (P>0.05).

Table 3 Effects of TP on body composition of hybrid tilapia (wet
weight basis)

Ttems TP supplemental level (mg/kg) 0 100 200 400 600 800

Moisture 72.06$+1.46]71.83+1.12(72.5740.85|71.78+0.83|72.27+1.32|72.2740.99||Crudeprotein(C P, £0.74|1¢
(%0)

2.3 Effects of TP on Nutrient Apparent Digestibility and Intestinal
Digestive Enzyme Activity

The effects of TP on nutrient apparent digestibility and intestinal digestive
enzyme activities are presented in Table 4 . Dry matter apparent digestibility
increased initially and then decreased with rising TP levels, reaching a maximum
in the 200 mg/kg group that was significantly higher than all other groups
(P<0.05). Crude protein apparent digestibility was not significantly affected by
TP supplementation (P>0.05). Compared with the control, high TP levels (600
and 800 mg/kg) significantly reduced intestinal protease and amylase activities
(P<0.05).

Table 4 Effects of TP on nutrient apparent digestibility and intestinal
digestive enzyme activities of hybrid tilapia

Ttems TP supplemental level (mg/kg) 0 100 200 400 600 800

Nutrient

appar-

ent

di-

gestibil-

ity

(%)

Dry 67.24$+0.29b(68.12+0.42¢|69.79+0.62d|68.33+0.58¢|66.30+0.28a|66.43+0.18a||Crudeprotein(C P)|8
matter  xIntestinaldigestiveenzymeactivities(U /mgprot)*

(DM)  «[|||||||Protease|1383.7479.1b|1462.6-:78.4b|1456.1461.4b|1369.8-:59.8b|1177.8+47.7a|1124.6:£41.0a

2.4 Effects of TP on Serum Immune Indices

The effects of TP on serum immune indices are shown in Table 5 . Compared
with the control, dietary supplementation with 200, 400, 600, and 800 mg/kg TP
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significantly increased serum SOD and LZM activities (P<0.05). Quadratic re-
gression analysis indicated that maximal SOD and LZM activities were achieved
at TP levels of 438.89 and 412.35 mg/kg, respectively (Figure 1 [Figure 1: see
original paper|). Serum MDA content decreased initially and then increased
with rising TP levels, reaching its minimum in the 200 mg/kg group. No signif-
icant differences were observed in serum AKP activity among groups (P>0.05).

Table 5 Effects of TP on serum immunological indexes of hybrid
tilapia

Items TP supplemental level (mg/kg) 0 100 200 400 600 800
Superoxid88.09$+3.80a|42.24+1.16ab|56.71+5.08¢|56.30+4.46¢|47.22+3.84b|44.424+2.28b|| Lysozyme(LZ M , U

dismu-
tase
(SOD,
U/mL)

Figure 1 Relationships between TP supplemental level and serum
SOD or LZM activities of hybrid tilapia

2.5 Effects of TP on Cumulative Mortality After A. hydrophila Chal-
lenge

As shown in Figure 2 [Figure 2: see original paper|, no mortality was observed in
any group at 1 h post-challenge (100% survival). At 24 h, cumulative mortality
was significantly lower in the 100, 200, 400, and 600 mg/kg groups compared
with the control (P<0.05). At 48 and 96 h, the 200, 400, 600, and 800 mg/kg
groups all exhibited significantly lower cumulative mortality than the control
(P<0.05), with the 400 mg/kg group showing the lowest mortality.

Figure 2 Effects of TP on cumulative mortality of hybrid tilapia chal-
lenged with Aeromonas hydrophila

Data points at the same time point with different letters indicate significant
difference (P<0.05).

3.1 Effects of TP on Growth and Digestive Function

Research on tea polyphenols in aquatic animals remains limited. Studies have
shown that dietary supplementation with 50-100 mg/kg TP significantly im-
proved weight gain rate and specific growth rate in Wuchang bream, upregulat-
ing the expression of growth-related gene MaGHR2 [8]. In rainbow trout, 25-
100 mg/kg TP numerically increased weight gain rate, though the difference
was not statistically significant [6]. In Nile tilapia (Oreochromis niloticus), 166
mg/kg TP significantly improved weight gain rate, whereas 333 mg/kg showed
no beneficial effects [14]. Similarly, 50 mg/kg TP significantly increased specific
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growth rate in black carp (Mylopharyngodon piceus), while 500 mg/kg signifi-
cantly reduced it [15]. In the present study, dietary TP at 100-800 mg/kg
did not significantly affect growth performance in hybrid tilapia, but 100 and
200 mg/kg tended to improve weight gain rate, while 400, 600, and 800 mg/kg
tended to reduce it, with the 800 mg/kg group showing significantly lower weight
gain rate than the 200 mg/kg group. These findings suggest that high TP lev-
els may inhibit fish growth. Zheng et al. [16] reported that green tea residue
supplementation exceeding 3.6% reduced weight gain rate and increased feed
conversion ratio in tilapia. Welker et al. [17] also found that rainbow trout
fed diets containing 4% green tea showed significantly reduced weight gain rate
and increased feed conversion ratio, likely due to high TP content. As phe-
nolic compounds extracted from tea, tea polyphenols are generally considered
anti-nutritional factors that can reduce nutrient utilization and animal growth
performance [18-19)].

In this study, 100-400 mg/kg TP significantly increased dry matter apparent
digestibility in hybrid tilapia, whereas high levels (600 and 800 mg/kg) signif-
icantly reduced dry matter digestibility and intestinal amylase and protease
activities. In black carp, 50 mg/kg TP significantly increased intestinal pro-
tease and lipase activities, while 500 mg/kg significantly reduced them [15]. In
mice, dietary supplementation with 0.4% TP significantly reduced crude pro-
tein apparent digestibility [20], and oral administration of 0.4% TP significantly
decreased intestinal digestibility of moisture, glucose, cholesterol, amino acids,
and minerals [21]. Tea polyphenols can alleviate intestinal oxidative stress and
promote the growth of beneficial intestinal bacteria [22], which may enhance
digestive function. However, excessive TP, like other polyphenols, may bind to
proteins, carbohydrates, and minerals, thereby reducing their digestibility [23-
25]. The mechanisms underlying TP effects on fish digestive function require
further investigation.

3.2 Effects of TP on Body Composition

Tea polyphenols can reduce body fat content in high-fat diet-fed mice by reg-
ulating lipid metabolism-related hormones such as insulin-like growth factor I,
leptin, and adiponectin, as well as associated signaling pathway genes [26-28].
In broiler chickens, oral administration of 80 and 160 mg/kg TP significantly
reduced subcutaneous fat thickness, intermuscular fat width, and abdominal
fat percentage [29]. Dietary supplementation with 6.4% green tea residue sig-
nificantly reduced whole-body crude lipid content in tilapia without affecting
moisture or crude protein content [16]. Similar results were observed in the
present study, where high TP levels (600 and 800 mg/kg) significantly reduced
whole-body crude lipid content without affecting moisture or crude protein con-
tent. Comparable findings have been reported in rainbow trout, where low TP
levels (25-500 mg/kg) did not affect whole-body crude lipid content, but high
levels (1,000 mg/kg) significantly reduced it [6]. In Wuchang bream, low TP
levels (25 and 50 mg/kg) increased muscle crude protein content without signif-
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icantly affecting muscle crude lipid content [8]. These results indicate that TP
effects on lipid deposition in fish are dose-dependent, with high levels generally
inhibiting fat accumulation.

3.3 Effects of TP on Immune Performance and Disease Resistance

Previous studies have demonstrated that tea polyphenols can enhance fish im-
mune performance. For instance, 25-100 mg/kg TP supplementation signifi-
cantly increased liver SOD, AKP, and acid phosphatase (ACP) activities in
rainbow trout [6]. In Wuchang bream, 50 mg/kg TP significantly elevated
serum SOD activity under ammonia stress and improved stress resistance [30].
In black carp, 100 mg/kg TP significantly increased serum SOD activity and
reduced MDA content [15]. In the present study, 200-800 mg/kg TP signifi-
cantly increased serum SOD and LZM activities, decreased MDA content, and
enhanced resistance to A. hydrophila infection in hybrid tilapia. The reduced
mortality following A. hydrophila challenge may be attributed to both enhanced
immune performance and the antibacterial properties of TP, as in vitro studies
have shown that TP can inhibit A. hydrophila growth [31]. Similar results have
been reported with green tea or green tea extract supplementation. Dietary
inclusion of 1%-5% green tea extract enhanced plasma LZM activity, shortened
stress recovery time after 2-phenoxyethanol immersion, and reduced mortality
after air exposure in black rockfish [7]. Channel catfish (Ictalurus punctatus) fed
diets containing 1%, 2%, or 4% green tea showed significantly reduced mortality
after A. hydrophila challenge [32]. Nile tilapia fed diets with 0.125-2.000 g/kg
green tea also exhibited significantly reduced mortality following A. hydrophila
challenge in a dose-dependent manner [33].

Conclusion

Dietary supplementation with 400 mg/kg tea polyphenols enhanced immune
performance and reduced cumulative mortality after Aeromonas hydrophila chal-
lenge in hybrid tilapia. The optimal dietary TP supplementation level for hybrid
tilapia is recommended to be 200-400 mg/kg.
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