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Abstract In the present study, antioxidant activ-
ity, immune responses, and growth performance of
rainbow trout (Onchorhynchus mykiss) juveniles fed
with diets supplemented with dandelion (7araxa-
cum officinalis) and lichen (Usnea barbata) extracts
were assessed. Four different concentrations of aque-
ous methanolic extract of the plants (0% (control),
0.1%, 0.5%, and 1% (D, dandelion; L, lichen) were
added to the diets, and fish were fed for 75 days. On
the 15™, 45" and 75™ day of the study, liver antioxi-
dant enzyme activities were determined, and immune
responses were determined every 15" day. The results
showed that SOD activity increased in the fish group
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of 0.1% D on the 15" and 45" day compared to con-
trol; however, it was lower in all the lichen extract-
treated groups than in control at almost all sampling
times, except on the 15" day in the 0.1% L group.
CAT activity showed an increased value (P <0.05) in
0.5% L and 1% L treated fish groups on the 15" day,
in fish of 1% D and 1% L groups on 45™ and on 75"
day in 0.1% D group. GPX activity increased on the
15" day of the study in fish of 0.1% D group, on the
45" day in 1% D and 1% L groups and on the 75"
day in fish of 0.5% D, 0.1% D, and 0.5% L groups
(P<0.05). G6PDH enhanced in all treatment groups
compared to control on the 15" day, except in 0.1% L
and 0.5% L groups. An elevated G6PDH activity was
also observed on the 75" day of the study in 0.5% D,
1% D, and 0.5% L fish groups. An increase on lipid
peroxidation (LP) was observed in all L groups on the
45" day of the study. Lysozyme activity was deter-
mined to be the highest in 0.5% and 1% L on the 45
day, in 0.1% L on the 60" day and in the 0.5% L fish
group on the 75" day compared to control (P <0.05).
Myeloperoxidase was found to be the highest at the
end of the study in 1% L fish group compared to the
control (P <0.05). In conclusion, we suggest the use
of dandelion to combat oxidative stress and to lower
FCR and the use of lichen to modulate the immune
response in rainbow trout. The use of such products
will be economical for aquaculture and harmless for
the environment.
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Introduction

Increasing human population has heightened the
demand for animal-derived protein. According to
FAO (2018), it is estimated that animal-derived pro-
tein consumption per capita will shoot 40 kg in 2030
compared to a present day need of 20 kg per capita.

Aquaculture production takes a major place in
meeting up the increasing demand for animal-derived
protein. Therefore, intensification of production sys-
tems has taken a key role in boosting the aquaculture
production. Though such intensification with the use
of state of art technologies has increased yield per
unit area (Bilen et al. 2013), the environmental con-
sequences affect fish health, leading to damage to
the environment and thus it leads to poor production
(Sonmez et al. 2015a).

Immune system weakens as a result of meta-
bolic disturbances in the antioxidant system or stress
caused by production processes or environmental
consequences, such as subjecting fish to handling
stress and vaccination, abrupt changes in water tem-
perature at different time periods (Elbesthi et al.
2020). These events jeopardize the fish health. Use
of both immunostimulants and antioxidant additives
in fish feeds has already shown promising prospects
(Sonmez et al. 2015b). The use of antioxidant addi-
tives in fish feed has become the need of the hour to
lower stress and overcoming health issues (Amhamed
et al. 2018; Arslan et al. 2018).

Usnea barbata is a lichen of the Usneaceae fam-
ily that grows epiphytically on trunks and branches
of trees and has antimicrobial and antifungal activity
(Madamombe and Afolayan 2003). The main ingre-
dients of the plant are dibenzofuran derivative usnic
acid and this plant is an important role against inflam-
mation and shows anti-proliferative properties (Engel
et al 2007). Taraxacum officinale has been used in
folk medicine in the treatment of breast and uterus
cancers, hepatic disorders, and inflammation (Mir
et al. 2013).

In this study, changes in antioxidant enzyme status
of rainbow trout juveniles (Onchorhynchus mykiss)
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were investigated after administering aqueous metha-
nolic extracts of dandelion (Taraxacum officinalis)
and lichen (Usnea barbata). The primary objective of
the study was to assess the antioxidant and immune
enhancing properties of the herbs, dandelion, and
lichen, which are plentiful in Turkey.

Materials and methods
Experimental protocol and fish

The study was carried out at Kastamonu University
Inland Waters and Saltwater Fish Production, Appli-
cation and Research Institute. In the experiment, 1050
number of rainbow trout (Oncorhynchus mykiss)
juveniles (avg. wt. 12.14+0.04 g) were randomly
stocked in 21 net cages (1.5X 1.5 mX 1.5 m) in three
replicates for a 75-day trial. During study periods,
water temperature ranged between 16 and 10 °C.
Water pH was 7.0+0.2, whereas dissolved oxygen
was 8.0+0.9 mg/l. The fish were acclimatized for a
week and fed with control pelleted feed without any
additives.

Experimental design

In the study, dandelion (7. officinalis) and lichen
(U. barbata) were used as feed supplements. These
plants were collected from rural areas around Kasta-
monu province (41° 25" 50 N, 33° 45’ 19 E) and all
body parts of the plants dried under a shade. The
dried plants were powdered and the aqueous metha-
nolic extract was prepared as per Bilen et al. (2016).
Briefly, dried 50 g of the plants were percolated with
1 L of 40% methanol. After solvent evaporated 50 mL
of deionized water added to the mix and the weight of
the extract was determined.

The dandelion (D) and lichen (L) methanolic
extracts were added to the feeds in the ratios of 0.1,
0.5, and 1%. Throughout the study, the fish were
fed ad libitum twice a day. Liver and white muscle
samples were collected on the 15®, 45% and 75%
days of the study in order to determine the antioxi-
dant enzyme activities. For determination of immune
responses, blood samples (200 uL) were collected
from caudal vein every 15" day in heparinized
syringes. The samples were stored in sterilized vials
at— 80 °C until further analysis.
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Determination of enzyme activities

The liver tissues were soaked in distilled water to
remove the blood and directly dropped into a liquid
nitrogen tank within micro-tubes after drying. They
were maintained at—80 °C before analyses. Liver
tissues were cut into 0.1-g pieces and homogenized
in phosphate buffer containing 1 mL EDTA. Thor-
oughly homogenized tissue samples were centrifuged
at 10,000 g for 45 min and the supernatants were
used in the analyses (Vaglio and Landriscina 1999).

SOD activity was determined using SIGMA
19160-1KT-F SOD Assay Kit, (SIGMA, USA). For
catalase activity, Cayman 707002 Catalase Assay
Kit (Cayman, USA) was used. Similarly, for glu-
tathione peroxidase activity, Cayman 703102 Glu-
tathione Peroxidase Assay Kit (Cayman, USA),
SPI-BIO 0112 G6PDH activity Assay Kit for glu-
cose-6-phosphate dehydrogenase activity, Cayman
10009055 TBARS Assay Kit (Cayman, USA) was
used to determine lipid peroxidation activity.

Immune status

Oxidative anion production was determined according
to Siwicki et al. (1994). Lysozyme activity was deter-
mined according to Ellis (1990) and myeloperoxidase
was determined according to Sahoo et al. (2005).

Growth performance

All fish were weighed at the beginning and end of the
study. Growth performance was calculated according
to the following formulas of Ricker (1979):

WG(%) = 100 x Y1
FCR = fee.d inlak.e (g)1
weight gain (g)

%\ _ InWf—InWi
SGR (@) = 100 x Wl
where WG, weight gain; WT, final weight; Wi, initial
weight; FCR, feed conversion ratio; SGR, specific
growth rate.

Ethical guideline

All experimental fish were handled according to
the relevant international guidelines. The study

protocol was approved in advance by the local Eth-
ics Committee for Animal Research Studies at the
Kastamonu University (KUHADYEK-2016.10).

Statistical analyses

The data were checked for normality before analysis.
One-way analysis of variance (ANOVA) and LSD
multiple range tests were performed to ascertain any
difference in enzyme activity values among different
treatment groups at any sampling time using SPSS for
Windows v. 22.0 program (SPSS Inc., Chicago, IL,
USA). Statistical analysis was performed in the same
way for all parameters tested. The accepted level of
significance was set at P <0.05.

Results

Trends in SOD activity were as seen during the study
are summarized in Table 1.

The highest SOD activity was determined in the
0.1% D and 0.1% L fish groups and it was signifi-
cantly lower (P <0.05) in fish groups of 0.5% L and
1% L compared to control during initial period of the
study (15" and 45" day). Interestingly, at the end of
the study, the highest SOD activity was observed in
control group (P <0.05).

The results of the CAT activity are presented in
Table 2.

Table 1 Effect of dietary supplementation of dandelion
(Taraxacum officinalis) and lichen (Usnea barbata) aqueous
methanolic extracts on rainbow trout (Onchorhynchus mykiss)
liver superoxide dismutase activity throughout the experiment
(U/ml)

Groups Day 15 Day 45 Day 75

Control ~ 79.57+10.04° 754341220 126.92+18.79*
0.1% D 102.43+9.59* 105.66+12.27* 118.00+20.84"
05%D  80.39+10.37° 103.07+11.27°  93.63+10.27%
1% D 78.21+3.03°  64.00+14.29°  57.42+6.79°
01%L  91.36+1.32" 31.62+7.83¢ 84.50+8.28¢
05%L  13.08+8.19° 21.84+8.81°  100.72+8.45°
1%L 46.50+9.33¢  11.41+4.32°  109.58+13.35°

All data are expressed as mean and standard deviation (n=23).
D dandelion, L lichen. Different superscript letters show differ-
ences between groups at the same sampling time (P <0.05)
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Table 2 Effect of dietary supplementation of dandelion
(Taraxacum officinalis) and lichen (Usnea barbata) aqueous
methanolic extracts on rainbow trout (Onchorhynchus mykiss)
liver catalase (CAT) activity throughout the experiment (nmol/
min/ml)

Groups Day 15 Day 45 Day 75

Control 0.79+0.16° 1.19+0.12° 0.99+0.11°
0.1% D 0.76+0.07° 1.08+0.17° 1.33+0.31°
0.5% D 0.71+0.15° 1.12+0.17° 1.05+0.13°
1% D 0.83+0.11° 1.36+0.18* 0.87£0.15®
0.1% L 0.76 +0.04° 1.00+0.18" 1.03+0.16°
0.5% L 0.97+0.17 0.88+0.18° 0.82+0.06°
1%L 0.92+0.24% 1.35+0.08* 0.79+0.19°

All data are expressed as mean and standard deviation (n=23).
D dandelion, L lichen. Different superscript letters show differ-
ences between groups at the same sampling time (P <0.05)

An elevated CAT activity was noticed in 0.5 and
1% L fish groups on 15" day of the study compared
to that of other groups (P <0.05). The highest CAT
level was determined on 45" day of the study, in
1% D and 1% L fed fish groups (P <0.05). Follow-
ing that, a significant decrease in CAT activity was
observed in 0.1% D fish group on 75" day compared
to all other groups. Changes in glutathione peroxidase
(GPX) activities are presented in Table 3.

On 15" day, GPX activity was significantly
increased in 0.1% D fish group, whereas all other
experimental groups’ GPX activity decreased com-
pared to control (P <0.05). At day 45, GPX activity

Table 3 Effect of dietary supplementation of dandelion
(Taraxacum officinalis) and lichen (Usnea barbata) aqueous
methanolic extracts on rainbow trout (Onchorhynchus mykiss)
liver glutathione peroxidase (GPX) activity throughout the
experiment (nmol/min/ml)

showed an increase in the 0.1% D and 1% L groups
compared to control group (P <0.05). On the last
sampling day, the highest increase was observed
in the group that was fed with diet supplemented
with 0.5% D (P <0.05). Changes in glucose-6-phos-
phatase dehydrogenase (G6PDH) activity in all
studied groups are summarized in Table 4.

At day 15, G6PDH activity of all groups, except
for 0.1% L group, showed an increase compared
to the control group (P<0.5). At day 45, G6PDH
activity in all treated fish groups decreased signifi-
cantly compared to the control group (P <0.05). At
day 75, G6PDH activity of 0.5% D, 1% D, and 0.5%
L fish groups was significantly elevated compared
to control. The lipid peroxidation results are pre-
sented in Table 5.

Lipid peroxidation decreased significantly in
all treated fish groups compared to control on 15%
day of the study (P <0.05). On 45" day, an eleva-
tion was observed in 0.5% L fish group compared
to control (P <0.05). At day 75, no differences were
determined between control and 0.1% D groups,
whereas all the other treatment groups’ malondial-
dehyde values increased (P < 0.05).

Oxidative radical production (ORP) was not
affected during the sampling days of the study
in any treated fish group compared to control
(P>0.05) (Fig. 1).

On 30" day, fish of D groups had no significant differ-
ences compared to control, although in all L fish groups,
ORP was decreased (P<0.05). Lysozyme activity was

Table 4 Effect of dietary supplementation of dandelion
(Taraxacum officinalis) and lichen (Usnea barbata) methanolic
extracts on rainbow trout (Onchorhynchus mykiss) liver glu-
cose-6-phosphatase dehydrogenase (G6PDH) activity through-
out the experiment (nmol/min/ml)

Groups Day 15 Day 45 Day 75 Groups  Day 15 Day 45 Day 75

Control ~ 16.16+1.19° 19.56+1.72>  15.25+1.19° Control ~ 65.58+0.65° 160.34+14.51*° 101.03+3.32¢
0.1%D  21.60+6.92% 22454547  22.01+0.53° 0.1%D  80.18+0.86" 126.98+1.35" 99.75+5.38¢
05%D  11.15+1.46° 15.54+2.07°  30.50+1.46° 05%D  80.65+1.58" 129.71+11.66° 130.63+0.42%
1% D 12.39+1.98¢ 28.96+1.94%  18.62+2.60° 1% D 80.16+1.60°  131.99+4.58" 113.14+6.78°
0.1% L 11.95+1.41¢ 12.13+£1.61°  14.70+0.84° 0.1%L  49.38+2.15%  21.03+8.23° 97.23+2.62¢
0.5% L 15.12+2.32° 14944153  24.30+0.74° 05%L  6501+220°  72.87+5.56¢ 111.68 +3.44°
1%L 13.48+3.07* 26364039  14.91+1.09 1%L 87.32+2.50°  97.50+11.51¢  104.57 +9.67°

All data are expressed as mean and standard deviation (n=23).
D dandelion, L lichen. Different superscript letters show differ-
ences between groups at the same sampling time (P <0.05)
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All data are expressed as mean and standard deviation (n=23).
D dandelion, L lichen. Different superscript letters show differ-
ences between groups at the same sampling time (P <0.05)
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Table 5 Effect of dietary supplementation of dandelion
(Taraxacum officinalis) and lichen (Usnea barbata) aqueous
methanolic extracts on rainbow trout (Onchorhynchus mykiss)
white muscle lipid peroxidation throughout the experiment

(UM MDA)
Groups  Day 15 Day 45 Day 75
Control  115.29+8.47*°  68.33+7.91°  74.47+6.81°
0.1% D 85.41+8.61° 64.94+893°  72.73+16.09°
0.5% D 94.38+337° 5432+3.13¢  82.75+3.24°
1% D 98.28+5.07° 60.85+6.08°  96.65+3.97°
0.1% L 97.02+2.24°  77.22+7.63"  87.67+4.02°
0.5% L 82.75+8.13° 89.75+10.34*  86.12+5.40
1%L 85.17+12.12° 76.82+527°  83.63+0.82°

All data are expressed as mean and standard deviation (n=23).
D dandelion, L lichen. Different superscript letters show differ-
ences between groups at the same sampling time (P <0.05)

significantly increased almost in all L groups at any
sampling time compared to control (Fig. 2).

Myeloperoxidase activity increased in all treat-
ment groups, except in 0.1% D and 0.5% L fish
groups compared to control on 15" day of the study
(P <0.05) (Fig. 3).

In the study, none of the experimental groups had
a difference on growth performance (Table 6). The
highest final weight was observed in fish of 0.5% D
group. Only 0.5% D fish group showed a decrease in
FCR value compared to all other groups (P <0.05).

Discussion

In the present study, changes in antioxidant enzyme
status (SOD, CAT, GPX, G6PDH, and lipid

peroxidation), and immune responses, such as oxi-
dative radical production, lysozyme, and myeloper-
oxidase activities of rainbow trout fed diet containing
dandelion and lichen aqueous methanolic extract at
different doses, were observed at different sampling
times.

Reactive oxygen species must be eliminated from
the cells and organs rapidly, and effectively in order
to maintain vital metabolic activities of organisms.
SOD is the most important and well-known enzyme
among enzymatic antioxidants in eukaryotic organ-
isms (Lushchak 2014). As our results revealed an
increasing trend in SOD activity, such an increase
was also observed in the control group. It is therefore
hypothesized that the most appropriate plant species
to enhance the efficacy of SOD activity was by 0.1%
D. It can be said that the lichen did not show anti-
oxidant feature in terms of SOD activity. Based on
the findings from the 0.1% L fish group, it can also
be concluded that 15 days of use has a substantial
impact on oxidative stress in terms of SOD activ-
ity. Similar to the groups that received dandelion
supplementation in our study, Giilcin et al. (2009)
observed that SOD activity increased in trout fed
with the diets supplemented with melatonin. Li et al.
(2010) observed that carbamazepine administration
considerably decreased SOD activity in trout. These
results are consistent with those obtained in fish
groups fed with lichen supplemented diet. Further-
more, Thirunavukkarasu et al. (2010) revealed that
the extract obtained from Citrullus colcynthis spe-
cies increased SOD activity, whereas the extract of
Suaeda maritime decreased SOD activity similar to
that in rainbow trout groups fed with lichen supple-
ments. In agreement with the findings of our study,

Table 6 Growth performance of rainbow trout (Onchorhynchus mykiss) fed with different doses of dandelion (Taraxacum offici-

nalis) and lichen (Usnea barbata) aqueous methanolic extracts

Groups Initial weight Final weight Weight gain (%) SGR FCR

Control 12.26 +0.06 52.01+0.05 325.17+25.39 1.93+0.08 1.24+0.10°
0.1% D 12.15+0.06 53.71+0.04 344.09+38.61 1.98+0.12 1.15+0.13°
0.5% D 12.32+0.05 57.89+0.05 371.18+36.33 2.06+0.10 1.06+0.10*
1% D 12.34+0.06 51.79+0.06 320.91+31.43 1.91+0.10 1.12+0.11°
0.1% L 12.03+0.02 53.59+0.07 340.56+26.10 1.97+0.11 1.18+0.16°
0.5% L 12.18+£0.02 56.40+0.09 359.77+27.80 2.03+0.17 1.24+0.17°
1% L 12.38+0.02 51.35+0.08 311.95+28.74 1.89+0.11 1.16+0.15°

All data are expressed as mean and standard error. D dandelion, L lichen. Different superscript letters show differences between
groups (P <0.05). SGR specific growth rate, FCR feed conversion ratio
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Fig. 1 Effect of dietary
supplementation of dande-
lion and lichen on oxidative
radical production in blood
of rainbow trout after feed-
ing for 75 days. Different
letters show differences
between groups at the same
sampling time

Oxidative Radical Production
(mg/ml)
[} )

m Control m0.1% D m0.5% D

considerable increases were observed in SOD activi-
ties of rainbow trout fed with vitamin A and E sup-
plements (Kelestemur and Ozdemir 2013). In another
research, SOD activity increased in trout juveniles
fed with sage and thyme diets similar to the results
obtained with dandelion supplement in our study,
whereas SOD activity decreased in trout juveniles
fed with the peppermint similar to that observed with
lichen supplements (Sonmez et al. 2015b). In their
study, Elgaml et al. (2015) fed tilapia (Oreochromis
niloticus) with the diets supplemented with sele-
nium and alpha-tocopherol and observed a decrease
in SOD activity. In several studies, SOD activity was
observed to be increased in the fish provided with

Fig. 2 Effect of dietary
supplementation of dande- 3
lion and lichen on lysozyme
activity in blood serum of
rainbow trout after feeding
for 75 days. Different letters
show differences between
groups at the same sam-
pling time

2

Lysozyme Activity (U/ml)

m Control m0.1% D = 0.5%D
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1%D m0.1%L m05%L m1%L

different diets (Yonar et al. 2015; Zhang et al. 2016;
Zhao et al. 2017).

CAT locates in the peroxisomes of the cell and it
catalyzes dismutation of superoxide radicals to H,O,
that are eliminated by SOD. Although CAT activi-
ties determined at different sampling times did not
show any change in rainbow trout fed with dandelion
extract, there was an increase of its level in fish of
0.5% and 1% L groups. However, our overall observa-
tion is that the plants used in this study did not exert
any significant effect on CAT activity except in fish
of 1% D and 1% L on 45" day, and 0.1% D on 75%
day. Similarly, Giil¢in et al. (2009) observed that CAT
activity increased in the trout fed with feeds supple-
mented with melatonin. An increase in CAT activity

5 60 75
Sampling Time (Day)

1% D m0.1%L m0.5%L m1%L
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Fig. 3 Effect of dietary

supplementation of dande- ~ 450

lion and lichen on myelop- = 400

eroxidase activity in blood = 350

serum of rainbow trout after 300

feeding for 75 days. Differ- Y 250

ent letters show differences g

between groups at the same 'g 200

sampling time I 150 a
& 100 o Mok
2 il
= 7 I

15

mControl m0.1%D

was observed in Coruh trout (Salmo coruhensis) fed
with kefir (Kizak and Celik 2012). Moreover, Zhang
et al. (2016) observed an increase in CAT activity in
Japanese seabass (Lateolabrax japonicus) fed with
the feed enriched with magnesium and vitamin E;
Sahan et al. (2017) observed an increased level in
tilapia fed with ginger; and Amer (2016) observed an
increased CAT level in tilapia fed with Spirulina plat-
ensis. On the contrary, Sénmez et al. (2015b) dem-
onstrated a decrease in CAT activity in rainbow trout
administered with thyme, sage, and peppermint oil,
and Ozliier-Hunt et al. (2016) did not find a change
in CAT activity in the trout fed with yeast nucleotide
protein.

GPX catalyzes the synthesis of NADPH and
GSSG, which are necessary for the functioning of
glutathione reductase. In this study, GPX activity
showed a time-dependent change with the most con-
sistent values observed in the 0.5% D fish group.
An elevated GPX activity was also observed in 1%
D and 0.5% L fish groups at the end of the study. Li
et al. (2010) observed that the use of carbamazepine
caused a considerable decrease in GPX activity of
trout. Moreover, magnesium and vitamin E supple-
mentation caused an increase in GPX activity in Japa-
nese seabass (Zhang et al. 2016). Similarly, the use
of trichlorfon caused an increase in GPX activities in
tilapia (Yonar et al. 2015), and the use of thyme, sage,
and peppermint oil resulted in an elevation in GPX
activity in trout (Sonmez et al. 2015b).

»

b

b
a

a
b b aa o
Ic b b Ia d bbhy, &
c . —_bI
(AN Ili.lﬂl
30 45 60 75
Sampling Time (Day)
05%D #1%D m0.1%L m05%L m1%L

G6PDH catalyzes the pentose phosphate path-
way by producing NADPH. Therefore, the NADPH
produced is essential for reductase and CAT. In this
regard, G6PDH has a vital function in H,0, break-
down. G6PDH activity decreased in all treatment fish
groups on the 45" day of the study. The highest value
was obtained from fish of the 1% D group at day 75.
The increased G6PDH activity in rainbow trout fed
with dandelion is consistent with the results of the
study conducted by Sonmez et al. (2015b) on the
same fish species.

The malondialdehyde (MDA) is a product of lipid
peroxidation caused by free oxygen radicals and it is
an extremely important indicator of oxidative stress.
Increased MDA level indicates increased lipid peroxi-
dation and it is regarded as the marker of cell damage
(Yagi 1984). In our study, only 0.1% D fish group had
a decrease in MDA level at all sampling times com-
pared to control. Similar to results in rainbow trout
supplemented with lichen in our study, Kelestemur
and Ozdemir (2013) observed that using selenium
and alpha-tocopherol increased MDA levels in tila-
pia. On the other hand, Sahan et al. (2017) observed
a decrease in MDA levels in trout fed with rose hip;
moreover, Amer (2016) found a decrease in MDA
levels in tilapia fed with spirulina. Studies generally
found a decrease in MDA levels based on the product
type used (Kizak and Celik, 2012; Ozliier-Hunt et al.
2016; Sonmez et al. 2015b; Yonar et al. 2015).

Non-specific immune responses, such as ORP,
MPO, and LYS activities, were examined in rainbow
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trout treated with dandelion and lichen extracts. A
decreased ORP was recorded in lichen-treated groups
when compared to control. No differences were
observed in dandelion-treated fish groups compared
with the control. Similarly, Bilen and Bulut (2010)
found no differences in oxidative radical production in
rainbow trout administered with laurel extract. On the
contrary, an increase in oxidative radical production
was observed in rainbow trout treated with melissa
(Bilen et al. 2020a, b) and Tilia tomentosa in com-
mon carp (Almabrok et al. 2018) aquaeus methanolic
extracts. Lysozyme, which is an enzyme that provides
non-specific immune response to pathogens during
infection, was affected by lichen extract administra-
tion in rainbow trout. MPO activity was also induced
in treatment groups compared to control. Similarly,
Prunus domestica (Terzi et al 2021) and tetra (Bilen
and Elbeshti 2019) extracts caused an elevation of
these two variables in rainbow trout. Differently,
Bilen et al. found no differences on LA levels after
Malva sylvestris application (Bilen et al. 2020a, b).

In the present study, the highest final weight was
attained by fish in 0.5% D group, but it was not sig-
nificantly different. Moreover, FCR value of the same
treatment group was significantly decreased. In line
with this study, Bilen and Bilen (2012) observed no
differences in growth of rainbow trout fed diet con-
taining with tetra and laurel. Intestinal microbiota is
the first key to the growth promotion and improving
animal performance. In this regard, some ingredi-
ents of the medicinal plant can affect the fish micro-
biota and cause increase or decrease in fish growth,
or digestive enzyme activity. In our study, because
of no differences observed in growth performance, it
could be opined that the plants used do not affect the
digestive system of the fish in terms of growth per-
formance. However, the elevated digestive enzyme
activity could be the reason of affected FCR in 0.5%
D group.

Conclusion

The usage of medicinal extracts as feed supplements
has potential as an alternative to therapeutics in aqua-
culture. The aim of the current study was to deter-
mine the potential effects of dietary supplementation
of dandelion and lichen aqueous methanolic extracts
on liver antioxidant and humoral immune status. The

@ Springer

result revealed that antioxidant status of the treated
fish changed at variable time points. Overall good
results were obtained in fish of 0.1% D group in terms
of antioxidant. Considering the low FCR obtained
from the 0.5% D fish group, it is suggested that use
of dandelion at a rate of 0.5% in trout cultivation will
be beneficial in preventing oxidative stress and posi-
tively affecting the feed conversion in fish. Moreover,
in general, lichen could be suggested as an immu-
nostimulant. We encourage further investigations on
such products, that are easily accessible and natural,
for possible use in fish farming.
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