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Introduction

Abstract

This study was conducted to evaluate the effect of dietary inclusion of green tea
powder on growth performance, feed utilization and body composition of rainbow
trout. A total of 546 fish with an average body weight of 40.4+0.01 g were divided in
the seven experimental treatments. The fish were fed with diets containing
0%(control), 0.25%(diet1), 0.5%(diet2), 1%(diet3), 2%(diet4), and 3%(diet5) of dried
green tea (GT) powder containin 5.3+0.04% epigallocatechin gallate-3-gallate (EGCG),
1%(diet6) green tea dust (GTD) containing 6.5£0.07% EGCG for 60 days. Fish fed with
diet 2 had higher weight gain, specific growth rate, apparent net protein retention,
and protein efficiency ratio than other groups, and had a lower feed conversion ratio
than other groups, but not significantly changed than control group (P>0.05). Crude
lipid content of liver and fillet in fish fed experimental diets were significantly lower
than of fish fed the control diet (P<0.05). These results showed that dietary
supplementation of GT powder in trout feed promoted the growth performance and
feed utilization, and also administration of 1% level of GTD and different doses of GT
powder in the experimental diets showed lipid-lowering effects for rainbow trout.

2015; Hernandez-Contreras and Hernandez, 2020;
Mbokane and Moyo, 2022; Yu et al., 2024). Bulfon et al.

The rainbow trout, Oncorhynchus mykiss, is one of (2015) reviewed about 105 scientific publications

the most important commonly fish species for

available in literature and reported that more than 60

aquaculture in Turkiye and for last decades, the average
annual production is 138,636.0+12,915.1 tons (between
410,435,5.0 and 221,046.0 tons), which constitute
about 23.5+1.19% of the total marine and inland water
aquaculture production of Tarkiye (TUIK, 2014-2023).
The use of plants and their derived products for
improving growth and feed utilization of farmed fish
species such as rainbow trout, have attracted a lot of
attention globally and have become a subject of
fisheries sciences investigations (Bulfon et al., 2015; Hai,

different plant species have been studied for the
improvement of cultured fish growth, feed utilization,
health and disease management in aquaculture. The
results of these studies showed that plants or their
derived products have a broad spectrum of growth
promotion, appetite stimulation, antimicrobial,
immunostimulant, antiinflammatory, antistress and
anticancer properties. Moreover, dietary inclusion in
fish diets of these plants or their derived products
reported as different multiple functions such as
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probiotics, antioxidants (Yu et al., 2024), lipid derivatives
(Welker et al., 2017) and aromatic compounds, etc.
(Goda, 2008; Bulfon et al., 2015; Hai, 2015). Whole
plants, their parts (leaf, root, or seed), or extracted
compounds can be incorporated into aquaculture
practices, either through water applications or as feed
additives, etc. (Bulfon et al, 2015; Hai, 2015;
Hernandez-Contreras and Hernandez, 2020).

Tea, a beverage originating from leaves and buds
of a single species of plant, Camellia sinensis, is grown in
about 30 countries and is the second most consumed
beverage in the world after water with a per capita
worldwide consumption of approximately 0.12 liter per
year (Graham, 1992; Vinson et al.,, 1998). Tea plants
show lanceolated or elliptic leaves 2-3 cm wide that vary
in size length depending on the species and variety. In
the last decade, the amount of produced fresh tea
leaves obtained from tea farmers changed between
1104 and 1328 thousand tons (mean: 1,194.5+25.9
thousand tons) in Tirkiye. The quantity of dry tea leaves
obtained from 100 kg fresh tea leaves called as the
efficiency of tea and this value is between 18.8% and
19.0% (mean: 18.6+0.14%) for Turkish green tea (Kacar,
2010). Main compositions of green tea include tea
polyphenols, protein, vitamins, carbohydrates, alkaloids
such as caffeine and theophylline, lipids and inorganic
elements such as N and P (Kacar, 2010). Fresh green tea
are rich in the flavanol group of polyphenols known as
catechins which may constitute up to 36% of the dry
green tea leaves weight (Tosun and Karadeniz, 2005;
Turkmen and Velioglu, 2007). Pharmacological
properties of green tea are primarily due to its
compound of catechins (Friedman et al., 2005; Kacar,
2010; Tounekti et al., 2013), which are divided into four
primary compounds, epigallocatechin gallate (EGCG),
epigallocatechin (EGC), epicatechin gallate (ECG),
epicatechin (EC), and four secondary compounds,
gallocatechin gallate (GCG), gallocatechin (GC), catechin
gallate (CG) and catechin (C). EGCG is also known as a
predominant catechin in green tea leaves with a level
approximately 48-55% of total polyphenols (Perva-
Uzunali¢ et al., 2006; Kacar, 2010; Mahmood et al.,
2010; Tounekti et al., 2013). It was also reported that
green tea compenents may be varied depending on
variety of tea species, age of the leaves (plucking
position), plucking seasons or harvest time, region and
altitude where grown, climatic conditions, horticultural
practices, etc (Lin et al., 1996; Turkmen and Velioglu,
2007; Erturk et al., 2010; Tounekti et al., 2013; Welker
etal, 2017).

Because of the aforementioned properties, green
tea used in several studies, suggest a beneficial impact
in human and several species of animals. Furthermore,
green tea has recently received much interest and
attention because of its multiple functions in the
aquaculture as well. Only a few studies with green tea
were carried out to fisheries sciences prior to 2010
(Kono et al., 2000; Ishihara et al., 2002; Suzuki et al.,
2006; Cho et al., 2007; Cho and Kim, 2009). However,

the number of studies have gone up after 2010 so far,
and different studies have just been performed to
determine the effect of green tea and/or extract
compounds on growth, fish antioxidant defense and
immune system, protection against pathogens and
blood chemistry in different farmed fish species such as
rainbow trout, O. mykiss (Thawonsuwan et al., 2010;
Sheikhzadeh et al., 2011; Nootash et al., 2013; Welker et
al., 2017), nile tilapia, Oreochromis niloticus (Abdel -
Tawwab et al., 2010; Zheng et al., 2017; Van Doan et al.,
2019; Qian et al., 2021; Daniel et al., 2024), gilthead sea
bream, Sparus aurata (Pérez-Jiménez et al., 2013), chum
salmon, O. keta, and masu salmon, O. masou (Suzuki et
al., 2006), coho salmon, O. kisutch (Yu et al., 2024), grass
carp, Ctenopharyngodon idella (Rizwan et al., 2021),
kelp grouper, Epinephelus bruneus (Harikrishnan et al.,
2011), olive flounder, Paralichthys olivaceus (Cho et al.,
2007; Cho and Kim, 2009), black rockfish, Sebastes
schlegeli (Hwang et al.,, 2013), yellowtail, Seriola
quinqueradiata, and ayu, Plecoglossus altivelis (Kono et
al., 2000), barramundi, Lates calcarifer (Ahmadi et al.,
2022) and blue gourami, Trichogaster trichopterus
(Paulpandian et al., 2023).

Different studies in fish species mentioned above
showed the positive effects of green tea derivatives on
growth, immune system, protection against some
pathogens and blood chemistry. The potential benefits
of tea make it a candidate as dietary supplement to be
used in fish nutrition, namely by helping to modulate
lipid deposition in aquaculture fish such as P. olivaceus
(Cho et al., 2007; Cho and Kim, 2009) that tend to
accumulate high lipid concentrations. Adding surplus
lipid as an energy sources generally are applied to
reduce protein availability in formulated fish diet for
improving growth performance in aquaculture. But, the
dietary surplus lipid application in fish diet generally
leads to a reduction in the edible portion of the fish as a
result of increasing body and liver lipid content or also
decreasing in storage time as a result of easy oxidation
of high levels of lipid after feed utilization, and to
prevent the lipid oxidation of feed, therefore,
antioxidant is commonly included in fish diets (Cho et
al., 2007; Cho and Kim, 2009; Qian et al., 2021).

In addition, the effect of green tea catechins on
growth performance were reported as dose depended
for different experimental animals such as rats (Kao et
al. 2000; Lin and Lin-Shiau, 2006). However, the studies
related to the use of tea plant as a dietary raw material
in rainbow trout still do not currently provide sufficient
data on the components of the tested green tea plant
and their usability level as raw materials (note that: the
amount of polyphenols and also catechins contents in
the tea plant may affected by different factors
mantioned in the discussion section).

Moreover, it is imperative to assess the potential
of green tea dust, generated as a by-product in tea
factories, for its incorporation into aquaculture diets.
Evaluating this application not only leverages waste
material from the tea industry but also could enhance
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the nutritional profile of fish feed, thereby potentially
contributing to improved growth performance and
health outcomes in aquatic species. Such considerations
may facilitate a more sustainable approach to feed
formulation within the aquaculture sector, promoting
resource efficiency and the utilization of by-products in
effective dietary strategies.

This study was performed to determine the effect
of the dietary inclusion of different doses (0.25%, 0.50%,
1%, 2% and 3%) of green tea powder containing
11.0+0.09% total catechins (EGCG: 5.3+0.04%) and also
1% level of green tea dust (a factory by-product)
containing 14.5+0.16% total catechins (EGCG:
6.5+£0.07%), which is manufactured green tea waste by
CAYKUR (General Directorate of Tea Enterprises) in
Tirkiye, on growth, body composition, crude lipid
content of liver and fillet and feed utilization of rainbow
trout, O. mykiss with an average body weight of
40.4+0.01 g.

Materials and Methods
Experimental Animal, Rearing Conditions

Rainbow trout (Oncorhynchus mykiss) used in the
experiments were obtained from Recep Tayyip Erdogan
University lyidere Fisheries Research Center in the
centre of Rize, Tlrkiye. Fish were held in a flow-through
fiberglass tank systems for 15 days to acclimate to
laboratory conditions prior to experiments. During the
acclimation period, fish were fed twice a day on
commercial trout pellets with about similar content to
the control diet (crude protein: 45% and crude lipid:
18%). A total of 546 rainbow trouts with an average
body weight of 40.4+0.01 g were used in the
experiment.

Obtaining of Green Tea (GT) and Green Tea Dust (GTD)

The samples of fresh green tea (GT), Camellia
sinensis, were supplied from a local farmer’s garden (at
an altitude of about 400 m) and also manufactured
green tea dust (GTD) were obtained from Directorate
General of Tea Enterprises (CAYKUR) Cumhuriyet tea-
processing factory in the centre of Rize, Tirkiye. The
fresh GT were dried into the fan oven during 30 minutes
at 90°C temperature for use in fish diets as feed raw
materials. Dry tea were homogenized by using a 180 W
BOSCH mark coffee grinder homogenizer and sifted into
sieve with a 500 um mesh size. In this way, green tea
was ground into powder and made ready to be added to
the ration. The obtained GT and GTD used in the design
of the experimental diets.

Components Analysis of GT and GTD
GT and GTD phenolic content (%) analysis include

gallic acid, caffeine and catechins were performed three
replicates by colorimetric method as described to the

International Organization for Standardization (ISO)
14502-1 protocol (Anonymous, 2005a). Furthermore,
GT and GTD proportion of catechins (%) analysis include
epigallocatechin (EGC), catechin (C), epigallocatechin-3-
gallate (EGCG), epicatechin (EC) and epicatechin gallate
(ECG) was performed three replicates using HPLC (High
Pressure Liquid Chromatography) by the I1SO 14502-2
protocol (Anonymous, 2005b).

The ultraviolet (UV) absorption spectrums of GT
(Figure 1A) and GTD (Figure 1B) phenolic and catechins
content are determined three replicates by measuring
the absorbance at 278 nm. Content of total polyphenols
and catechins analysis in GT and GTD were conducted in
the CAYKUR Atatirk Tea and Horticultural Research
Institute, Rize, Turkiye. Components of GT and GTD used
as the diet raw material in the experimental diets
showed in Figure 2 and Figure 3, respectively.

Experimental Diets and Chemical Analysis

A control diet was formulated to contain about
44.5% protein and 17.5% lipid based on fish meal and
fish oil as main protein and lipid sources. Six other diets
were formulated similar to the control but
supplemented with 0.25%, 0.50%, 1%, 2%, 3% GT and
with 1% GTD. Seven experimental diets (3 mm
diameter), including the control diet, were prepared
using a mincing machine (ENAZON mark, 32 No meat
mincer, 380V industrial electricity three phase, 2.2 Kw 3
Hp, chuck mouth 3mm) and dried into the oven (POL-
EKO-APARATURA SP. J. SLW 400 STD) during 12 hours at
60°C temperature until the moisture content drops
below 10% level.

At the beginning of the experiment, 30 fish from
the stock tank were picked randomly for initial chemical
composition analyses. At the end of the study, 3 fish
were removed randomly from each tank (9 per
treatment) for chemical composition analyses.
Moreover, at the end of the feeding trial, liver of 9
rainbow trouts were also weighed to calculate the
hepatosomatik index values for each group.

Chemical composition of diets, fish fillet and liver
were analyzed at the nutrition laboratory of the Faculty
of Fisherie, Recep Tayyip Erdogan University. Moisture
content of experimental diets, fish fillet and liver were
determined by oven drying about 3-5 g sample at 105°C
until a constant weight was obtained (AOAC, 1995,
Method 985.14). Protein content was determined by the
AOAC (1980) method 2.507. Crude lipid content was
determined using a solvent extractor Velp SER 148/6
(Velp Scientifica, Milano, Italy) with petroleum ether
(130°C). Ash was also determined by the AOAC (1980)
method 7.009. Note that ash and crude protein contents
of liver were not being performed through the lack of
sample.

The prepared experimental diets stored in a
freezer at -20°C until use. Ingredient and proximate
composition of the experimental diets with different of
GT levels and with 1% GTD level showed in Table 1.
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Figure 1. The ultraviolet (UV) absorption spectrum of A: green tea (GT) and B: green tea dust (GTD) phenolic and catechins content

measuring the absorbance at 278 nm. EGC: Epigallocatechin, C: catechin, EGCG: epigallocatechin-3-gallate, EC: epicatechin and
ECG: epicatechin gallate.
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Figure 2. Components of green tea (GT) used as the diet raw material. A: The proportion of GT phenolic content (%) including gallic
acid, caffeine and catechins. B: The proportion of GT catechins (%) including epigallocatechin (EGC), catechin (C), epigallocatechin-
3-gallate (EGCG), epicatechin (EC) and epicatechin gallate (ECG). Data are meantstandard error (SE).
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Experimental Design

After acclimation, twenty-six rainbow trouts were
randomly chosen from the stock tank and than were
transferred to each one of 21 fiberglass tanks containing
100 L of flow-through well water. A total of 546 rainbow
trouts with an average body weight of 40.4+0.01 g were
divided in the seven experimental treatments (three
replicates each).

Feeding Regime, Feed Utilization and Growth
Performance

The fish were fed the equivalent of 2% of their
body weight, two times daily (at 0800 and 1600) for 60
days. Fish were weighed every 15 days and daily feeding
rate was updated. While interim weighings were made
in 15-day periods, fish were sedated with clove oil at a
dose of 2-5 mg/L. The fish were fed slowly with small
amounts by hand. The appetites of the fish were
monitored carefully during the feeding to avoid wasting
any food. At the beginning and at the end of the feeding
trial, body weight (BW) and total length (TL) were
measured for the fish in each tank. Interm live weight
measurements of all fish were also obtained every two
weeks to monitor growth and to determine the amount
of feed to be fed to fish.

16 -
14 -
12 -

10 1

(0.009:0.0001)

(2.287+0.0249)

Specific growth rate (SGR), hepatosomatic index
(HSI), condition factor (CF), feed conversion ratio (FCR),
protein efficiency rate (PER), apparent net protein
retention (ANPR), and protein intake (PT) were
calculated as follows:

SGR = [(In mean final BW — In mean initial BW)/(time
interval, days]x100

HSI = [(Liver weight/BW)]x100
CF = [(BW)/(TL)?]x100
FCR = [(Final BW — Initial BW)/(Feed intake)]x100
PT = [(Individual feed intake x Feed crude protein)]/100
PER = [(Final BW — Initial BW)/(Protein intake)]
ANPR = [((Final BW x Final protein in fish) — (Initial BW

x Initial protein in fish))/((Total feed intake/Number of
fish in treatment) x (Protein in feed))]x100

(14.473£0.1567)

Gallic acid

B
(5.0020.508)

(%)

(0.056£0.0014)

Caffeine Catechin

(6.462+0.0731)

(1.695£0.0218)

(1.2580.0129)

EGC C

EGCG EC ECG

Figure 3. Components of green tea dust (GTD) produced in the tea factory used as the diet raw material. A: The proportion of GTD
phenolic content (%) including gallic acid, caffeine and catechins. B: The proportion of GTD catechins (%) including epigallocatechin
(EGC), catechin (C), epigallocatechin-3-gallate (EGCG), epicatechin (EC) and epicatechin gallate (ECG). Data are meanzstandard

error (SE).
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Statistical Analysis

Experimental data were presented as
meanztstandard error (SE) and analyzed using one-way
ANOVA followed by Tukey multiple range test to
compare the means between the different experimental
diet groups in PAST ver 1.75b software package
(Hammer et al., 2001). Differences were considered
statistically significant when P<0.05.

Results

During the feeding period, the experimental diets
were equally accepted by the rainbow trouts. No
apparent evidence of disease was observed and
subsequently, preventive veterinary measures were not
needed. The survival rate of fish feeding experimental
diets without and with GT or GTD supplementation was
100%. Ingredients and proximate composition of
experimental diets with various levels (0%, 0.25%,
0.50%, 1%, 2% and 3%) of GT and 1% level of GTD
showed in Table 1. The chemical compositions of
prepared diets were estimated as statistically similar to
each other (P>0.05). The proportion of catechins
(10.98+0.086%) in GT were significantly lower than the
value in GTD (14.47+0.157%) (P<0.05). Moreover, the
proportion of catechins (EGC, C, EGCG, EC and ECG) in
dried GT used in experimental diets were significantly
different than catechin proportion in GTD (P<0.05) (see:
Figure 2 and Figure 3).

Growth performance and feed utilization
parameters of the rainbow trout fed the experimental
diets with various levels of GT and 1% level of GTD
during the experimental time (60 days) presented in

Table 2. GT and GTD did not exhibit any significant
negative improvement in growth and feed utilization at
any concentrations except for a group fed with 3% GT
supplemented diet. Variance in final weight gain, SGR,
HSI, FCR and PER were not effected significantly by the
GTD and GT (P>0.05) except for a group fed with 3% GT
supplemented diet group (P<0.05).

The mean final weight (104.49+0.443 g), SGR
(1.58+0.007%), PT (31.95+0.367 g), PER (2.01+0.010%)
and ANPR (36.75+0.615%) values were observed at
maximum and FCR (1.12+0.006) value was observed at
optimum level for a group fed with 0.5% GT
supplemented diet than other groups. But, any
significant differences were not observed for these
parameters between control and a group fed with 0.5%
GT supplemented diet (P>0.05).

The chemical composition of fillet and liver of trout
fed experimental diets with different levels of GT and 1%
level of GTD showed in Table 3. Crude protein and crude
lipid contents in fillet and crude lipid contents in liver
were significantly different between the control and all
GT/GTD supplemented diet groups (P<0.05). Moreover,
dry matter and ash contents in fillet and dry matter
content in liver were not affected significantly by the
GT/GTD experimental diets (P>0.05). At the end of the
feeding trial, fillet crude protein content was increased
and fillet crude lipid content was decreased, depending
on the increasing of GT level in the experimental diets
(Table 3). Moreover, the highest crude protein content
(18.53+0.090%) and the lowest crude lipid content
(2.68+0.005%) were determined in the fish fillet fed with
3% GT supplemented diet group. The lowest crude lipid
content in liver was also detected in the fish fed diets
containing 2% (2.06+0.031) and 3% (2.06+0.045) GT.

Table 1. Ingredient and proximate composition of experimental diets with various of green tea (GT) and with green tea dust (GTD)
levels. Data for percentage of proximate composition in diets are meantstandard error (SE)

Groups

GT levels GTD level
Ingredients (%) Control (0) 0.25% 0.5% 1% 2% 3% 1%
Fish meal 30 30 30 30 30 30 30
Green tea - 0.25 0.5 1 2 3 -
Green tea dust - - - - - - 1
Bonkalit flour 18 17.75 17.5 17 16 15 17
Corn gluten meal 18 18 18 18 18 18 18
Soybean meal 20 20 20 20 20 20 20
Fish oil 12.5 12.5 12.5 12.5 12.5 12.5 12.5
Vitamin premix* 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Mineral premix** 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Molasses 0.9 0.9 0.9 0.9 0.9 0.9 0.9
Chemical composition of diets
Dry matter (%) 93.7+0.04 93.8+0.10 90.8+0.11 93.8£0.13 94.0£0.02  95.0+0.08  93.7+0.02
Crude protein (%) 44,5+0.13 44,5+0.05 44.4+0.06 44.6x0.09 44.7+0.07 44.8+0.07 44.7+0.03
Crude lipid (%) 17.6+0.06 17.5+0.02 17.2+0.04 17.6£0.04  17.7+0.05 17.7+0.09 17.5+0.07
Ash (%) 7.4+0.03 7.3+0.05 7.3+0.01 7.4+0.13 7.4+0.03 7.4+0.03 7.7+0.02
Crude fiber (%) 1.94+0.01 2.0+0.01 2.0+0.03 2.05£0.01 2.1+0.03 2.3+0.05 2.3+0.02

*: Vitamin mix (mg/kg mix): vitamin D3, 2500000 IU; vitamin A, 12500000 IU; vitamin K3, 125000 mg; vitamin E, 200000 mg; vitamin C mono, 250000
mg; vitamin B6, 20000 mg, vitamin B2, 25000 mg; vitamin B12, 30 mg; vitamin B1, 20000 mg; niacin, 150000 mg, inositol, 250000 mg; folic acid,
8000 mg; d-bioton, 600 mg; calcium-d-pantothenate, 50000 mg; antioxidant, 150000 mg.
**: Mineral mix (mg/kg mix): Selenium, 300 mg, Mangan, 20000 mg; Cobalt, 3500 mg; lodine, 2500 mg; Zinc, 10000 mg; Copper, 6000 mg
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Table 2. Growth performance and feed utilization of the rainbow trout fed the experimental diets with various levels of green tea
(GT) and green tea dust (GTD) for 60 days

Groups

Parameters GT levels GTD level

Control (0) 0.25% 0.5% 1% 2% 3% 1%
IMBW (g) 40.47+0.0432  40.37+0.141* 40.43+0.041® 40.3840.050* 40.49+0.0452 40.41+0.0542 40.47+0.030?2
FMBW (g) 99.27+1.5452¢  98.84+1.1392¢ 104.49+0.443¢ 96.02+0.706® 95.33+1.1092 89.24+1.944* 95.92+0.863%
SGR (%)t 1.50+0.028%  1.49+0.0143b 1.58+0.007" 1.44+0.0142 1.434£0.0212 1.32+0.036¢ 1.44+0.0152
HSI (%)? 1.631£0.0242 1.55+0.07520 1.54+0.0822b 1.49+0.0522b 1.36+0.043b 1.36+0.053b 1.40+0.0482b
CF (%)3 1.23+0.0332b 1.32+0.0282 1.20+0.027° 1.22+0.0242b 1.1740.027° 1.21+0.0152b 1.17+0.023k
FCR# 1.1940.0223b  1.17+0.0112b 1.12+0.006" 1.22+0.0212 1.24+0.0142 1.36+0.038¢ 1.24+0.016
PT (g)® 31.06+0.3063 30.62+0.3182b 31.95+0.367@ 30.33+0.190° 30.47+0.291¢ 29.76+0.399* 30.65+0.146%b
PER (%) 1.89+0.0352¢  1.91+0.0173b 2.01+0.010? 1.83+0.032b 1.80+0.020" 1.64+0.045¢ 1.81+0.022b
ANPR (%) 31.55+0.535¢ 35.00+0.3362® 36.75+0.615" 33.72+0.8812d 34.38+0.5302bc¢ 32.22+0.580°%¢ 34.40+0.304abc
Survival 100 100 100 100 100 100 100

Data are meanztstandard error (SE). Values with different superscripts in the same line are significantly different (P<0.05). IMBW: initial mean body
weight (g), FMBW: final mean body weight (g). *expressed as [(In mean final BW — In mean initial BW)/(time interval, days]x100. 2expressed as [(liver
weight/BW)]x100. 3expressed as [(BW)/(total length)?]x100. *expressed as [(final BW —initial BW)/(feed intake)]x100. Sexpressed as [(individual feed
intake x feed crude protein)]/100. Sexpressed as [(final BW — initial BW)/(protein intake)]. 7expressed as [((final BW x final protein in fish) — (initial
BW x initial protein in fish*))/((total feed intake/n") x (protein in feed))]x100. n": number of fish in treatment. *expressed as value of (17.2%)

Table 3. The chemical composition of trout fillet and liver of trout fed experimental diets with different levels of green tea (GT) and
green tea dust (GTD) for 60 days

Chemical composition in fillet (%)

Time Groups (GT/GTD levels) Dry matter Crude protein Crude lipid Ash

IE 22.33+0.422 17.17+0.108 3.62+0.016 1.16+£0.011

FE Control 22.5940.2872 16.88+0.0702 4,28+0.0382 1.08+0.0232
0.25% GT 22.6310.5842 17.86+0.089b 3.30+0.027° 1.17+0.037°
0.5% GT 22.71+0.5082 17.88+0.138b 3.31+0.004° 1.20+0.0372
1% GT 22.89+0.730° 17.8740.191b 3.35+0.018b 1.234+0.0252
2% GT 22.78+0.7252 18.28+0.070¢b¢c 3.28+0.027° 1.22+0.031°
3% GT 22.3610.2832 18.53+0.090¢ 2.68+0.005¢ 1.15+0.0392
1% GTD 22.31+0.4962 18.24+0.044b 2.80+0.002¢ 1.22+0.0342

. Chemical composition in liver (%)

Time Groups (GT/GTD levels) Dry matter Crude protein Crude lipid Ash

IE 22.52+0.281 - 1.7840.118 -

FE Control 22.7310.1612 - 2.64+0.0102 -
0.25% GT 22.9210.2662 - 2.21+0.087° -
0.5% GT 23.31+0.3112 - 2.16+0.083P -
1% GT 23.12+0.1412 - 2.22+0.065P -
2% GT 22.3410.0992 - 2.06+0.031b -
3% GT 22.9740.1752 - 2.06+0.045b -
1% GTD 22.59+0.1592 - 2.15+0.065P -

IE: initial of experiment, FE: final of experiment. Data are meanzstandard error (SE). Values with different superscripts in same column are

significantly different (P<0.05)

Discussion

The present study results showed that
administration of GT especially at 0.5% level in rainbow
trout diet promoted the growth performance and fed
utilization even though these parameters were not
significantly affected by the experimental diets except
for a diet supplemented with 3% GT level.
Administration of GT in different doses in trout diets was
also showed hypolipidemic effects. Comparison results
of the effect of GT or GT-derived products used by
experimental diets on the growth performance and feed
utilization in different cultured fish species showed in

Table 4. In addition that, the comparison of proximate
composition of whole body, dorsal muscle and liver for
different cultured fish species fed test diets concerning
various levels of GT or GT-derived products showed in
Table 5. Different or similar results to the present study
have been previously reported regarding the influence
of tea or tea-derived products on growth performance
and feed utilization in different cultured fish species
(Table 4). For example, dietary inclusion of GT extract
was reported by Cho et al. (2007) as the most effective
way to enhance growth performance and feed
utilization of olive flounder, Paralichthys olivaceus,
among the various sources of green tea. Namely, WG,
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Table 4. Comparison of the effect of tea or tea-derived products used by experimental diets on the growth performance and feed

utilization in different cultured fish species

Growth performance Feed utilization

Species Tea-derived products Diet levels Time(days) InitialWeight WG SGR CF HSI FCR FER PER Ref.
Paralichthys olivaceus GT 5% 49 525g N b = J N U]
Dry GT 5% N = J = = =
By-product GT 5% N N N N R N AN 2
GTE 5% = = = J = = =
Paralichthys olivaceus GTE 1% 56 129¢g = = = = [2]
By-product GT 1% = N = =
Oreochromis niloticus GT 0.0125% 84 12-2g = = = = [3]
0.025% ™ ™ = ™
0.05% ™ ™ NZ T
0.1% = = = =
0.2% = = = =
Oncorhynchus mykiss EGCG 0.002% 48 145+3.8¢g = = = = [4]
Oncorhynchus mykiss GT 0.002% 35 23.5+26¢g = = = [5]
0.01% = = =
0.05% = = =
Sebastes schlegeli GTE 1% 56 8.1+2¢g = ¢ = = = [6]
3% = = v ¢ = =
5% NN o=
Sparus aurata WT 2.9% 30 35¢g N N N = = [7]
Seriola quinqueradiata GT 3.6% 56 400 g N = N [8]
GTE 0.7% N2 = 2
Plecoglossus altivelis GT 1% 36 339¢g NE = NE
GTE 5% N2 2
Oncorhynchus kisutch GT polyphenol 0.005% 70 180.6+0.20g 1 S N PR N [9]
0.01% 180.3+0.13g 1 S N PR N
0.02% 180.5¢02g 1 1 1N = U
0.04% 180.7t0.05g 1 ™~ v NZ
Oncorhynchus mykiss GT 1% 60 34.4¢15¢ = N = = [10]
2% = d = -
4% N v v
Oncorhynchus mykiss GT 0.25% 60 40.37+0.141g = = = = = = PS
0.5% 40.43+0.041g = = = = = =
1% 40.38+0.050g = = = = = =
2% 40.49+0.045g = = = J = =
3% 40.41+0.054g b = ¢ T NE
GTD 1% 40.47+0.030g = = = = = =

GT: green tea, EGCG: epigallocatechin-3-gallate, GTE: green tea extract, GTD: green tea dust; WT: white tea. WG: weigth gain; SGR: Specific growth rate; CF:
condition factor; HSI: hepatosomatic index; FCR: feed conversion ratio; FER: protein efficiency rate; PER: protein efficiency rate. [1]: Cho et al. (2007); [2]: Cho
and Kim (2009); [3]: Abdel-Tawwab et al. (2010); [4]: Thawonsuwan et al. (2010); [5]: Nootash et al. (2013); [6]: Hwang et al. (2013); [7]: Pérez-Jiménez et al.
(2013); [8]: Kono et al. (2000). [9]: Yu et al. (2024); [10]: Welker et al., (2017); PS: present study; Statistical variations in treated fish groups compared to
control groups; [1M]: significant increase, [ ]: significant decrease, [=]: no significant changes.

SGR, FCR, FER and PER values of P. olivaceus (mean 52.5
g) fed the control diet and experimental diet containing
5% level GT extract were higher than those of juvenile P.
olivaceus fed the diets containing various sources of GT
(raw GT 5% and by-product GT 5%) for 7 weeks.
However, GT extract and by-product GT at level 1% did
not change the WG, FER and PER values of P. olivaceus
(mean 12.9 g) during the 8 weeks (Cho and Kim 2009).
In other studies, the effect of different levels of dietary
GT ethanol extracts (1%, 3% and 5%) supplementation
on juvenile black rockfish, Sebastes schlegeli, (mean
8.1+2 g) diet showed that WG, SGR, FER and PER were
not negatively effected at lower doses (1% and 3%)
(Hwang et al., 2013). But WG, SGR, CF, HSI and FER
values for S. schlegeli were lower than control group at
higher dose level (5%) (Hwang et al., 2013).

Pérez-Jiménez et al. (2013) reported that WG, SGR
and HSI negatively changed but FER and PER parameters
were not affected when Sparus aurata (mean 36 g) fed
containing 2.9% white tea for 30 days. The an other
cultured fish species, Oreochromis niloticus, (initial
mean weight: 1.1-2 g) fed different levels (0.0125%,
0.025%, 0.05%, 0.1% and 0.2%) of GT during the 84 days
and WG, SGR and PER values were improved at 0.025%
and 0.05% levels than others (Abdel-Tawwab et al.,
2010). Conversely, Nootash et al. (2013) reported that
WG, SGR and FCR values of O. mykiss (mean 23.5%+2.6 g)
fed the control diet and experimental diet containing
0.002%, 0.01% and 0.05% levels GT did not change for
35 days. Similarly heavier O. mykiss (mean 145+3.8 g)
fed containing 0.002% epigallocatechin-3-gallate were
not affected in respect to growth performance and feed



Table 5. Comparison of proximate composition of whole body, dorsal muscle and liver in different cultured fish species fed test diets with various level of tea or tea-derived products

Proximate composition

Diet Time Initial

Species . Whole body Dorsal muscle Liver
levels (days) Weight (g)
M CP CL Ash M CP CL Ash M CP CL Ash Ref
Sebastes schlegeli GTE 1% 56 8.1+2 = = = = = = = = = = = [1]
3% = = = = = = = = = = N
5% = = N2 = = = = = = = =
Sparus aurata WT 2.90% 30 35 = = N N [2]
Oreochromis niloticus GT 0.0125% 84 1.2-2 = ™~ = NE [3]
0.0025% = ™~ = J
0.0500% = T~ o= N%
0.1000% = > ™~ v
0.2000% = ™ ™ N
Paralichthys olivaceus Raw GT 5% 49 52.5 ™~ = = = ~ N [4]
Dry GT 5% A= = = r oL
By-product GT 5% ™ = = N N7
GT Extract 0.05 = = = = = T~ =
Paralichthys olivaceus GTE 1% 56 129 = = = [5]
By-product GT 1% =
Seriola quinqueradiata GTE 0.2% 28 = = = = [6]
0.02% = = = =
Oncorhynchus kisutch GT polyphenol 0.005% 70 180.610.20 g = = = N [7]
0.01% 180.3+0.13 g = N N N
0.02% 180.5+0.2 g = = = N
0.04% 180.7+0.05 g = = = N
Oncorhynchus mykiss GT 1% 60 34.4+15¢g = N [8]
2% = N2
4% = N
Oncorhynchus mykiss GT 0.25% 60 40.37+0.141 g = ™ N = NE PS
0.5% 40.4310.041 g = N = NE
1% 40.38+0.050 g = ™ N = = N
2% 40.49+0.045 g = ™ N = = N
3% 40.41+0.054 g = N P = NE
GTD 1% 40.47+0.030 g = N = N

M: Moisture; CP: Crude protein; CL: Crude lipid; GT: green tea; GTE: green tea extract; GTD: green tea dust; WT: white tea. [1]: Hwang et al. (2013); [2]: Pérez-Jiménez et al. (2013); [3]: Abdel-

Tawwab et al. (2010); [4]: Cho et al. (2007); [5]: Cho and Kim (2009); [6]: Ishihara et al. (2002); [7]: Yu et al. (2024); [8]: Welker et al., (2017); [PS]: present study.
Statistical variations in treated fish groups compared to control groups; [1]: significant increase, [{/]: significant decrease, [=]: no significant changes.
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utilization (Thawonsuwan et al., 2010). Administration
of green tea polyphenols in the cultured yellowtail,
Seriola quinqueradiata, diets (at 0.02% and 0.2% levels)
for 4 weeks did not change the growth performance,
feed utilization and fish body components (Ishiara et al.,
2002). Growth performance (WG) and feed utilization
(FER) parameters were also negatively effected for two
cultured fish species, Seriola quinqueradiata (mean 400
g) fed diets containing 3.6% GT, 0.7% GT extract for 56
days, and Plecoglossus altivelis (mean 36 g) fed diets
containing 1% GT and 5% GT extract for 36 day (Kono et
al., 2000). Kono et al (2000) used GT and GT extract as a
raw materials in the experimental diets concerning 3.6%
GT (total catechin 6.3% and epigallocatechin gallate
2.85%) and 0.7% GT extract (total catechin 31% and
epigallocatechin gallate 17%) in the fish diets. Welker et
al. (2017) reported that green tea had a growth
promoting effect on O. mykiss (34.4+1.5 g) and that
adding a lower dose of 1% to 2% of green tea (total
catechin 1.7-3.9% and epigallocatechin gallate 0.4-
1.01%) to the diet allowed for the most effective growth
and feed utilization. However, the addition of high doses
(4%) of green tea to the feed reduces the growth
performance of O. mykiis. Our conclusions are
consistent with the results obtained by Welker et al.
(2017) (see: Table 4).

The safety and efficiency of GT and GTD
supplementation in rainbow trout diets were also
evaluated by lipid profiles of fish fillet and liver by crude
lipid analyzis. GT and GTD supplementation in the
experimental diets effect on fish hematology and
biochemistriy including blood cholesterol levels
(hypolipidemic effect) will be presented and discussed
in another study. Our results based on proximately
analyzis for liver and fish fillet showed that
administration of 1% level of GTD and different doses of
GT especially at higher doses (e.g. 3% GT) in the
experimental diets showed markedly lipid-lowering
effect for rainbow trout. Similar results have been
previously reported regarding the liver and body fat
reduction effect for different farmed fish species (Table
5). For example, effect of reducing the body and crude
liver lipid contents was observed for O. mykiss fed with
a diet concerning 1%, 2% and 4% levels of GT (Welker et
al., 2017), for S. schlegeli fed with a diet concerning 3%
and 5% levels of GTE (Hwang et al., 2013), for S. aurata
fed with a diet concerning 2.9% level of WTL (Pérez-
Jiménez et al., 2013), for P. olivaceus fed a diet
concerning various sources of GT at 5% level (Cho et al.,
2007) and at 1% by-product GT (Cho and Kim, 2009).
Lipid-lowering and/or hypolipidemic effect of tea was
also observed different animal species such as rats after
long-term feeding (27 and 63 weeks) due to contents of
tea polyphenols (Kuo et al. 2005) and green tea leaves
(Lin et al., 1998).

Among factors that may influence the
effectiveness of plant products (considering GT) in fish,
their dose and the duration of administration are crucial
(Bulfon et al. 2015). In the present study, the proportion

of catechins (10.9810.086%) in dried GT were lower than
the GTD (14.47+0.157%) and also the proportion of
catechins (EGC, C, EGCG, EC and ECG) in dried GT used
in experimental diets were significantly different than
GTD (P<0.05). The polyphenols are the most significant
group of tea components, especially certain catechins
(major green tea catechins: EGCG, EGC, ECG, EC and C),
which they are the main compounds in green tea (Erturk
et al., 2010; Mahmood et al., 2010; Tounekti et al.,
2013). The effect of green tea catechins, EGCG, on
growth performance were reported as dose depended
for mammal such as rats (Kao et al. 2000; Lin and Lin-
Shiau, 2006). Namely, the effect of EGCG (26 and 53
mg/kg BW EGCG) were not effective or were less
effective in reducing the body weight than 85 mg/kg BW
(Kao et al. 2000).

The studies, mentioned above except for Kono et
al. (2000) and Welker et al. (2017), relating to the use of
GT in aquaculture do not provide any data about the
chemical composition of the tested GT or GT-derived
products such as extracts, polyphenols, catechins,
EGCG. Amount of polyphenols and also catechins
contents in the GT affected by variety of tea species,
different harvest times or seasons, the age of the leaf
(plucking position), geographical origin and climatic
factors, growth altitude, horticultural practices etc. (Lin
et al., 1996; Turkmen and Velioglu, 2007; Erturk et al.,
2010; Tounekti et al., 2013). Despite the use at the same
rate of GT or GT products (e.g. EGCG) in the
experimental diets, the content of polyphenols and also
catechins of tea may be different due to most of above
mentioned factors affecting GT polyphenol content. For
that reason, total polyphenols and also catechin
contents including major catechins of GT or GT products
used in the ingredient of experimental diets should be
given to compare of the results of the different studies.
Moreover, factors influencing the effectiveness of plants
and plant-derived products in cultured such as GT and
GT extract were reported as concentration and duration
of administration, bioactive compounds contained in
plants and plant extracts, solvent used for plant
extraction and also synergism or antagonism between
plants (Bulfon et al., 2015). As seen the previous studies
results mentioned in above and summarized in Table 4
and Table 5, GT and tea-derived products, applied doses
and time, fish species, fish life stage and initial body
weight can be considered as important parameters to
obtained reliable results to suggest in application green
tea or tea derived products supplementation in
aquaculture.

The present study results primarily revealed that
the use of GT as a feed additive for rainbow trout could
be recommended to stimulate growth and feed
utilization. Improved diet utilization efficiency was seen
in rainbow trout (initial body weight 40.4+0.01 g) fed
diets containing at least 0.5% GT for 60 days.

Our study did not explore the potential growth
effect of dietary green tea at different life stage, which
may be a useful application of green tea in aquaculture.
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Further research is needed to detect the mode of action
of GT or GT extract (especially the most important
antioxidant catechin, epigallocatechin gallate-3-gallate)
doses at different or all stages of life in farmed fish
species, especially rainbow trout. Moreover, research
on mode of action, stability of plant materials such as GT
in aquatic environment and digestibility in farmed fish
species as well as in vitro and in vivo toxicological tests
are prerequisites for their safe application (Bulfon et al.
2015).

Conclusion

According to the results of this study, it can be
concluded that dietary Inclusion of green tea (C.
sinensis) and dust, as a factory by-product green tea
waste, to rainbow trout feeds promote the growth
performance and feed utilization, and also application of
1% dust and green tea (e.g. up to 3%) in diets have lipid-
lowering effects for rainbow trout. That is, green tea and
dust can be used as a raw material for rainbow trout
feeds. The recommended dietary inclusion level of
green tea in rainbow trout feed is 0.5%. However,
conducting further research that also takes fish size (e.g.
>1.25 kg, known as Turkish somon in Tirkiye) into
account would be beneficial in order to more definitively
demonstrate the advantages of adding green tea or its
waste, referred to as ‘dust’, to rainbow trout feed.

Ethical Statement

All process and experimental protocols of this
study have been checked and approved by Recep Tayyip
Erdogan University Animal Experiments Local Ethics
Committee (Decision No: 2014/14 Date: 21.02.2014). All
procedures subject to the research were carried out
within the scope of all guidelines for the scientific use of
animals.

Funding Information

The study was supported by the Recep Tayyip
Erdogan University (RTEU) under Scientific Research
Coordination Unit (BAP) with the project number
2014.103.02.02.

Author Contribution

First Author (OB): writing — original draft,
conceptualization, data  curation, visualization,
methodology. Second Author (HAK): supervision,
conceptualization, review and editing, validation. Third
Author (SUT): supervision, conceptualization, review
and editing, validation.

Conflict of Interest

The authors declare that they have no known
competing financial or non-financial, professional, or

personal conflicts that could have appeared to influence
the work reported in this paper.

Acknowledgements

We thank Ozay Kése and Cansu Yilmaz for their
help in the field work. We also wish to thank Zuhal
Kalcioglu, Hamdiye Sehirli, Hasan Cebi and Ko&ksal
Kasapoglu for their help and providing the dust form
Directorate General of Tea Enterprises (CAYKUR) and
phenolic content analysis of the geen tea leaves. This
study formed a part of the PhD dissertation.

References

Abdel-Tawwab, M., Ahmad, M.H., Seden, M.E.A. & Sakr, S.F.M.
(2010). Use of green tea, Camellia sinensis L., in practical
diet for growth and protection of Nile Tilapia,
Oreochromis  niloticus (L.), against Aeromonas
hydrophila infection. Journal of the Word Aquaculture
Society, 41, 203-213.
https://d0i:10.1111/j.1749-7345.2010.00360.x

Ahmadi, A., Bagheri, D., Hoseinifar, S.H., Morshedi, V. &
Paolucci, M. (2022). Beneficial role of polyphenols as
feed additives on growth performances, immune
response and antioxidant status of Lates calcarifer
(Bloch, 1790) juveniles. Aquaculture, 552, 737955.
https://doi.org/10.1016/j.aquaculture.2022.737955

Anonymous, (2005a). Determination of substances
characteristic of green and black tea: Content of total
polyphenols in tea: Colorimetric method using Folin-
Ciocalteu reagent. International Standard, 1ISO 14502-
1:2005(E).

Anonymous, (2005b). Determination of substances
characteristic of green and black tea: Content of
catechins in green tea: Method using high-performance
liquid chromatography. International Standard, 1SO
14502-2:2005(E).

AOAC, (1980). Official methods of analysis 13th edition. Official
methods 7.009 and 2.507. Association of Official
Analytical Chemists. Washington, DC.

AOAC, (1995). Official methods of analysis. Official methods
985.14. Association of Official Analytical Chemists.
Gaithersburg, MD.

Bulfon, C., Volpatti, D. & Galeotti, M. (2015). Current research
on the use of plant-derived products in farmed fish.
Aquaculture Research, 46, 513-551.
https://doi.org/10.1111/are.12238

Cho, S.H. & Kim, C.I. (2009). Effect of dietary inclusion of
various sources of additives on growth and body
composition of the juvenile olive flounder, Paralichthys
olivaceus. Aquaculture Research, 40, 625-629.
https://doi.org/10.1111/j.1365-2109.2008.02130.x

Cho, S.H., Lee, S.M., Park, B.H., Ji, S.C., Lee, J., Bae, J. & Oh, S.Y.
(2007). Effect of dietary inclusion of various sources of
green tea on growth, body composition and blood
chemistry of the juvenile olive flounder, Paralichthys
olivaceus. Fish Physiology and Biochemistry, 33, 49-57.
https://doi.org/10.1007/s10695-006-9116-3

Daniel, C. P., Maulu, S., Jiang, W., Chen, S., Miao, L., Ge, X,,
(2024). Dietary tea polyphenol supplementation and its
impacts on growth performance, plasma parameters,
and antioxidant capacity of juvenile genetically
improved farmed tilapia (GIFT: Oreochromis niloticus).



Turkish Journal of Fisheries & Aquatic Sciences

TRJFAS26512

Cogent Food and Agriculture, 10(1), 2378981.
https://doi.org/10.1080/23311932.2024.2378981
Erturk, Y., Ercisli, S., Sengul, M., Eser, Z., Haznedar, A. & Turan,

M. (2010). Seasonal variation of total phenolic,
antioxidant activity and minerals in fresh tea shoots
(Camellia sinensis var. sinensis). Pakistan Journal of
Pharmaceutical Sciences, 23, 69-74.
https://doi.org/10.1038/s41598-023-45711-1

Friedman, M., Kim, S.Y., Lee, S.J., Han, G.P,, Han, J.S., Lee, K.R.
& Kozukue, N. (2005). Distribution of catechins,
theaflavins, caffeine, and theobromine in 77 teas
consumed in the United States. Journal of food science,
70(9), 550-559.
https://doi.org/10.1111/j.1365-2621.2005.tb08304.x

Goda, A.M.A.S. (2008). Effect of dietary ginseng herb (Ginsana
® G115) supplementation on growth, feed utilization,
and hematological indices of Nile tilapia, Oreochromis
niloticus (L.) fingerlings. Journal of the World
Aquaculture Society, 39(2), 205-214. https://doi:
https://doi.org/10.1111/j.1749-7345.2008.00153.x

Graham, H.N. (1992). Green tea composition, consumption
and polyphenol chemistry. Preventive Medicine. 21(3),
334-350. https://doi.org/10.1016/0091-7435(92)90041-F

Hai, N.V. (2015). The wuse of medicinal plants as
immunostimulants  in  aquaculture: A review.
Aquaculture, 446, 88-96.
https://doi.org/10.1016/j.aquaculture.2015.03.014

Hammer, @., Harper, D.AT. & Ryan, P.D. (2001). PAST:
Paleontological Statistics Software Package for
Education and Data Analysis. Palaeontologia Electronica,
4(1), 9.

Harikrishnan, R., Balasundaram, C. & Heo, M.S. (2011).
Influence of diet enriched with green tea on innate
humoral and cellular immune response of kelp grouper
(Epinephelus bruneus) to Vibrio carchariae infection. Fish
and Shellfish Immunology, 30, 972-979.
https://doi.org/10.1016/j.fsi.2011.01.029

Hernandez-Contreras, A & Herndndez, M.D. (2020). Feed
additives aromatic plants and herbs in animal nutrition
and health. In P. Florou-Paneri, E. Christaki & I.
Giannenas (Eds.), Application of aromatic plants and
their extracts in aquaculture (pp. 239-259) Academic
Press.

Hwang, J.H., Lee, S.W., Rha, S.J., Yoon, H.S., Park, E.S., Han, K.H.
& Kim, S.J. (2013). Dietary green tea extract improves
growth performance, body composition, and stress
recovery in the juvenile black rockfish, Sebastes
schlegeli. Aquaculture International, 21, 525-538.
https://doi.org/10.1007/s10499-012-9586-5

Ishihara, N., Araki, T., Tamaru, Y., Inoue, M., Nishimura, A,,
Aoi,N., Chu, D.C., Juneja, L.R., & Morishita, T. (2002).
Influence of green tea polyphenols on feed
performance, growth performance, and fish body
component in vyellowtail (Seriola quinqueradiata).
Japanese Journal of Food Chemistry, 9 (1), 7-14.

Kacar, B. (2010). Tea Plant Biochemistry Fertilization
Processing Technology. Nobel Science and Research
Center Press.

Kao, Y.H., Hiipakka, R.A. & Liao, S. (2000). Modulation of
endocrine systems and food intake by green tea
epigallocatechin gallate. Endocrinology, 141(3), 980-987.
https://doi.org/10.1210/endo.141.3.7368

Kono, M., Furukawa, K., Sagesaka, Y.M., Nakagava, K. &
Fujimoto, K. (2000). Effect of green tea extracts and
green tea grounds as dietary supplements on cultured

yellowtail and ayu. Nippon Shokuhin Kagaku Kogaku
Kaishi, 47(12), 932-937.
https://doi.org/10.3136/nskkk.47.932

Kuo, K.L., Weng, M.S., Chiang, C.T., Tsai, Y.J., Lin-Shiau, S.Y. &
Lin, J.K. (2005). Comparative studies on the
hypolipidemic and growth suppressive effects of oolong,
black, pu-erh, and green tea leaves in rats. Journal of
Agricultural and Food Chemistry, 53, 480-489.
https://doi.org/10.1021/jf049375k

Lin, J.K. & Lin-Shiau, S.Y. (2006). Mechanisms of hypolipidemic
and anti-obesity effects of tea and tea polyphenols.
Molecular Nutrition Food Research, 50, 211-217.
https://doi.org/10.1002/mnfr.200500138

Lin, Y.L., Cheng, C.Y., Lin, Y.P., Lau, Y.W., Juan, I.M. & Lin, J.K.
(1998). Hypolipidemic effect of green tea leaves through
induction of antioxidant and phase ii enzymes including
superoxide dismutase, catalase, and glutathione s-
transferase in rats. Journal of Agricultural and Food
Chemistry, 46, 1893-1899.
https://doi.org/10.1021/jf970963q

Lin, Y.L., Juan, I.M., Chen, Y.L, Liang, Y.C. & Lin, J.K. (1996).
Composition of polyphenols in fresh tea leaves and
associations of their oxygen-radical-absorbing capacity
with antiproliferative actions in fibroblast cells. Journal
of Agricultural and Food Chemistry, 44, 1387-1394.
https://doi.org/10.1021/jf950652k

Mahmood, T., Akhtar, N. & Khan, B.A. (2010). The morphology,
characteristics, and medicinal properties of Camellia
sinensis’tea. Journal of Medicinal Plants Research, 4(19),
2028-2033. https://doi.org/10.5897/IMPR10.010

Mbokane, E.M. & Moyo, N.A.G. (2022). Use of medicinal plants
as feed additives in the diets of Mozambique tilapia
(Oreochromis mossambicus) and the African Sharptooth
catfish (Clarias gariepinus) in Southern Africa. Frontiers
in Veterinary Science, 9:1072369.
https://doi.org/10.3389/fvets.2022.1072369

Nootash, S., Sheikhzadeh, N., Baradaran, B., Oushani, AK,,
Moghadam, M.Z.M., Nofouzi, K., Monfaredan, A,
Aghebati, L., Zare, F. & Shabanzadeh, S. (2013). Green
tea (Camellia sinensis) administration induces
expression of immune relevant genes and biochemical
parameters in rainbow trout (Oncorhynchus mykiss). Fish
and Shellfish Inmunology, 35(6), 1916-1923.
https://doi.org/10.1016/].fsi.2013.09.030

Paulpandian, P., Beevi, I.S., Somanath, B., Kamatchi, R.K.,
Paulraj, B. & Faggio, C. (2023). Impact of Camellia
sinensis iron oxide nanoparticle on growth, hemato-
biochemical and antioxidant capacity of blue gourami
(Trichogaster trichopterus) fingerlings. Biological Trace
Element Research, 201, 412-424.
https://doi.org/10.1007/s12011-022-03145-2

Pérez-liménez, A., Peres, H., Rubio, V.C. & Oliva-Teles, A.
(2013). Effects of diet supplementation with white tea
and methionine on lipid metabolism of gilthead sea
bream juvenile (Sparus aurata). Fish Physiol Biochem, 39,
661-670. https://doi.org/10.1007/s10695-012-9728-8

Perva-Uzunali¢, A., Skerget, M., Knez, Z., Weinreick, B., Otto, F.
& Grier, S. (2006). Extraction of active ingredients from
green tea (Camellia sinensis): extraction efficiency of
major catechins and caffeine. Food Chemistry, 96, 597-
605. https://doi.org/10.1016/j.foodchem.2005.03.015

Qian, Y.C., Wang, X., Ren, J., Wang, J., Limbu, S.M., Li, R.X.,
Zhou, W.H., Qiao, F., Zhang, F.M., Du, Z.Y. (2021).
Different effects of two dietary levels of tea polyphenols
on the lipid deposition, immunity and antioxidant



Turkish Journal of Fisheries & Aquatic Sciences

TRJFAS26512

capacity of juvenile GIFT tilapia (Oreochromis niloticus)
fed a high-fat diet. Aquaculture, 542, 736896.
https://doi.org/10.1016/j.aquaculture.2021.736896

Rizwan, M., Yang, Y., Wan, X., Khan, .M., Li, D., Yue, D., Zhong,
J. & Huang, S. (2021). A transcriptome analysis focusing
on growth performance and lipid metabolism-related
genes of grass carp (Ctenopharyngodon idella) fed with
tea polyphenols basal diets. Aquaculture Research, 52,
5044-5055. https://doi.org/10.1111/are.15376

Sheikhzadeh, N., Nofouzi, K., Delazar, A. & Oushani, A.K.
(2011). Immunomodulatory effects of green tea
(Camellia sinensis) on the immune system of rainbow
trout (Oncorhynchus mykiss). Fish and Shellfish
Immunology, 31, 1268-1269.
https://doi.org/10.1016/j.fsi.2011.09.010

Suzuki, K., Misaka, N. & Sakai, D.K. (2006). Efficacy of green tea
extract on removal of the ectoparasitic flagellate
Ichthyobodo necator from chum salmon, Oncorhynchus
keta, and masu salmon, O. masou. Aquaculture, 259, 17-
27. https://doi.org/10.1016/j.aquaculture.2006.05.004

Thawonsuwan, J., Kiron, V., Satoh, S., Panigrahi, A. & Verlhac,
V. (2010). Epigallocatechin-3-gallate (EGCG) affects the
antioxidant and immune defense of the rainbow trout,
Onchorhynchus  mykiss.  Fish  Physiology  and
Biochemistry, 36, 687-697.
https://doi.org/10.1007/s10695-009-9344-4

Tosun, |. & Karadeniz, B. (2005). The antioxidant activity of tea
and tea phenolics. OMU Faculty of Agriculture Journal,
20(1), 78-83.

Tounekti, T., Joubert, E., Hernandez, I. & Munné-Bosch, S.
(2013). Improving the polyphenol content of tea. Critical
Reviews in Plant Sciences, 32(3), 192-215.
https://doi.org/10.1080/07352689.2012.747384

TUIK, (2014-2023). Fisheries Statistics of Republic of Tiirkiye.
Prime  Ministry State  Planning  Organization.
https://biruni.tuik.gov.tr/medas/?locale=tr

Turkmen, N. & Velioglu, Y.S. (2007). Determination of alkaloids
and phenolic compounds in black tea processed by two
different methods in different plucking seasons. Journal
of the Science of Food and Agriculture, 87, 1408-1416.
https://doi.org/10.1002/jsfa.2881

Van Doan, H., Hoseinifar, S.H., Sringarm, K., Jaturasitha, S.,
Yuangsoi, B., Dawood, M.A.O., Esteban, M.A., Ringg, E.,
& Faggio, C. (2019). Effects of assam tea extract on
growth, skin mucus, serum immunity and disease
resistance of nile tilapia (Oreochromis niloticus) against
Streptococcus agalactiae, Fish and Shellfish Immunology,
93, 428-435. https://doi.org/10.1016/].fsi.2019.07.077

Vinson, J.A., Yousef, A. & Dabbagh, M.A. (1998). Tea phenols:
antioxidant effectiveness of teas, tea components, tea
fractions and their binding with lipoproteins. Nutrition
Research, 18(6), 1067-1075.
https://doi.org/10.1016/50271-5317(98)00089-X

Welker, T.L., Wan, X., Zhou, Y., Yang, Y., Overturf, K., Barrows,
K., Liu, K. (2017). Effect of dietary green tea
supplementation on growth, fat content, and muscle
fatty acid profile of rainbow trout (Oncorhynchus
mykiss). Aquaculture International, 25, 1073-1094.
https://doi.org/10.1007/s10499-016-0099-5

Yu, H., Sattanathan, G., Yu, L., Li, L., Xiao, Y. (2024). Impact of
nutritional tea polyphenols on growth, feed efficiency,
biochemical traits, antioxidant capacity, haematological
parameters and immunity in coho salmon
(Oncorhynchus kisutch). Animals, 14, 2104.
https://doi.org/10.3390/ani14142104

Zheng, Q., Han, C., Zhong, Y., Wen, R. & Zhong, M. (2017).
Effects of dietary supplementation with green tea waste
on growth, digestive enzyme and lipid metabolism of
juvenile hybrid tilapia, Oreochromis niloticus x O. aureus.
Fish Physiology and Biochemistry, 43, 361-371 (2017).
https://doi.org/10.1007/s10695-016-0292-5



