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ABSTRACT

Aqueous methanolic extracts of pomegranate peel (Punica granatum) and
veratrum (Veratrum album) were evaluated for their effects of
supplementation in fish diets on oxidative status, digestive enzymes and
immunity of rainbow trout fingerlings (Oncorhynchus mykiss). Three
different concentrations of pomegranate 250 (P250), 500 (P500) and 1000
(P1000) mg kg* and veratrum 250 (\V250), 500 (V500) and 1000 (\V1000)
mg kg* were added to the diet and the fish were fed these diets for 60
days over a control diet without any supplementation (PO and VO,
respectively). Immune responses and oxidative status of fish were
evaluated every 20 days. Digestive enzyme activity and growth
performances were determined at the end of study. We observed that the
respiratory burst activity significantly increased (P<0.05) at the end of the

increased on the 20" and 40™ day of the study in all experimental groups
compared to the control group (P<0.05). Myeloperoxidase activity was
observed to increase on the 40" day in veratrum treated groups and
significantly decreased (P<0.05) on the 60™ day in all groups compared
to the control. Haematological responses showed a declining trend in all
the groups supplemented with veratrum extract. SOD activity increased
in pomegranate groups while no differences were observed on catalase
activity. GBPDH activity was observed to decline in the veratrum groups,
however, GPx activity significantly increased (P<0.05) in V500 and V100
groups. Lipid peroxidation was determined at the lowest level on the 20th
and 40th days of the study in P1000 and V250 fish groups. The study
indicated a positive impact of pomegranate peel extract on the immunity
of rainbow trout at moderate doses of supplementation.

study compared to control except in the V500 fish group. Lysozyme was
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1. Introduction

The aquaculture industry has progressed tremendously with the introduction of new technologies to the industry (Bilen et al.
2013). However, increasing stocking densities, other culture system intensification inevitably resulted in fish losses. Recently,
several studies were conducted on fish health, including the importance of medicinal plants in increasing growth performance
(Farahi et al. 2012; Heidarieh et al. 2013; Bahabadi et al. 2014; Sénmez et al. 2015a; Arslan et al. 2018; Cavdar et al. 2020),
resistance to diseases (Nya & Austin 2009) and also protection against some important fish pathogens, such as Lactococcus
garvieae (Bilen et al. 2019a) and Aeromonas hydrophila (Bilen & Elbeshti 2019) were evaluated after medicinal plant
application. Also, increased antioxidant activity and improved health status were demonstrated (Sonmez et al. 2015b).

Veratrum album commonly known as the White Hellebore, is a characteristic plant of humid acid soils. It can form dense
vegetations in a wide range of alpine habitats throughout Eurasia (Kleijn & Steinger 2002). Veratrum plants usually produce a
single preformed shoot per year and they have a single rhizome (Kleijn & Steinger 2002). Veratrum contains a range of alkaloids
(1.6-9%) (Rétsch 2016).

Pomegranate fruits are commonly consumed fresh and in processed forms as wine, jams, and juice. Therefore, the by-product
of the pomegranate juice industry, pomegranate peel, is a cheap output. Pomegranate peel accounts for roughly 50% of the fruit
weight and it is known to contain high molecular weight phenolics, appreciable quantities of microelements, flavonoids, complex
polysaccharides, proanthocyanidins, and ellagitannins. These compounds were reported to display strong apoptotic,
antimicrobial, antioxidant, and anti-mutagenic properties (Seeram et al. 2005; Oztiirk et al. 2018). Thus, it has been often utilized
as a natural antioxidant in a variety of dietary supplements.
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With this background, these two plants were chosen as the materials of the study and it was aimed to examine the effects of
pomegranate peel (Punica granatum) and veratrum (Veratrum album) on oxidative status, immune responses and digestive
enzyme activity of rainbow trout (Oncorhynchus mykiss).

2. Material and Methods
2.1. The fish and medicinal plants

Experimental fish, (Oncorhynchus mykiss juveniles; initial weight: 6.22 g) were provided by Kastamonu University Inland and
Marine Fish Production, Application and Research Centre, Turkey. Medicinal plants were procured from an herbal medicine
shop at Kastamonu. Plants were shade-dried and aqueous methanolic extract was prepared following the protocol by Bilen et al.
(2020). The extract was supplemented to the commercial trout feed by spraying and kept in -20 °C until further use.

2.2. Experimental procedure

All experiments were performed in Fisheries Faculty, Kastamonu University. All treatment groups were kept in 300 L
recirculated aquarium systems following a completely randomized design. During the study period, 20% of the water was
exchanged every day and the parameters were maintained at 17 °C temperature, 7.5 pH, 8.0 mg L™ oxygen at ambient
photoperiod. After 2 weeks of acclimation period fish were fed with plant extract supplemented diets. Fish were fed twice in a
day for 60 days of study. At every 20 day of the study, blood and liver tissues were collected to determine immunological and
oxidative status of the test fish.

2.3. Immune responses

Non-specific immune responses, such as respiratory burst activity (Siwicki et al. 1994), lysozyme activity (Ellis 1990), and
myeloperoxidase activity (Sahoo et al. 2005) were investigated as per the mentioned methodologies.

2.4. Antioxidant activity

Superoxide dismutase, catalase, glutathione peroxidase, and glucose 6 phosphate dehydrogenase activities were determined by
using commercial Kits (SIGMA 19160-1KT-F SOD assay kit, Cayman 707002 Catalase assay kit, Cayman 703102 glutathione
peroxidase assay Kit, and SPI-BIO0112 G6PDH activity assay kit, respectively).

2.5. Digestive enzymes

Digestive enzyme activities in the stomach and intestine were assayed after termination of the feeding trial. The stomach and
intestine were thoroughly homogenized in ice-cold distilled water ten times their weight and centrifuged at 15000 g for 45 min
at 4 °C. The supernatant was used as a crude enzyme source. The a-amylase activity was analysed by the starch hydrolysis
method of Jiang & Wang (2012) with some modifications. Lipase activity was assayed using the method described by German
et al. (2004). Pepsin analysis was conducted according to the method reported by Worthington (1993). Enzyme trypsin analysis
in the intestines was determined using N-a-benzoyl-DL-arginine 4-nitroanilide hydrochloride as a substrate (Faulk et al. 2007)
with minor modifications. Specific activities of all digestive enzymes were calculated as milligram of protein. All enzyme
activities were calculated according to the equations below:

[(Sample — Blank)* x 7.712] — [1.802 X (Sample — Blank)] + 0.082

Amylase = ,
mg protein
L [(Abs 405 Sample — Abs 405 Blank) % (0.2359 + 0.0153)7]
ipase =
P myg protein
[(Abs 280 Sample — Abs 280 Blank) X 1000]
Pepsin = - -
[10 min X mg protein]
[%Jiabsﬂ] ¥ 1000 x volume of reaction mixture
) min
Trypsin =

8.800 X mg protein

2.6. Haematology

Haematological parameters were assayed using the BC3000 Plus haematology analyser. WBC count was determined using
haemocytometer (Blaxhall & Daisley 1973).
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2.7. Growth performance

At the end of the experiment, all fish were weighed individually on a digital scale (0.01 g) to evaluate the FCR, SGR, final
weight, and weight gain as follows:

Weight gain (WG)=W{-Wi

Food conversion ratio (FCR)=feed intake/weight gain

Specific growth rate (SGR)=100%[(InW{-InWi)/days]

Where, Wi is mean initial weight and Wf is mean final weight.

2.8. Statistical analyses

All data were expressed as mean £SE (Standard error). Means were compared using one-way ANOVA. Homogeneity of variance
was determined by using the Kolmogorov-Smirnov test and Levene’s test. Comparisons between groups were performed by
using Tukey’s multiple range test with the significance level of 0.05. Statistical analyses were conducted with SPSS software
version 24.0 (IBM, NY, USA).

3. Results
3.1. Immune responses

In this 60-day study, respiratory burst, lysozyme, and myeloperoxidase activities were estimated using the blood and serum. The
results are summarized in Figure 1. The results showed a decreased level on the 20" day of the study in P500, P1000 and V1000
fish groups compared to control (P<0.05). No differences were observed in other groups’ respiratory burst activity compared to
the control (P>0.05). As the study progressed, respiratory burst activity in all experimental groups increased significantly except
in P1000 and V1000 when compared to the control.
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Figure 1- Respiratory burst activity in blood leucocytes of rainbow trout fed with methanolic extracts of pomegranate peel

and veratrum. P250, P500, and P1000, extracts of pomegranate peel at 250, 500, and 1000 mg kg™ diet, respectively; V250,

V500, and V1000, extracts of veratrum at 250, 500, and 1000 mg kg™ diet, respectively. Values are presented as mean + SE.
Different letters above columns express significant differences between groups (P<0.05)

Results on lysozyme activity are displayed in Figure 2. In all experimental groups, lysozyme activity increased significantly
on the 20" and 40" days of the study compared to the control.
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Figure 2- Lysozyme activity in blood leucocytes of rainbow trout fed with methanolic extracts of pomegranate peel and
veratrum. P250, P500, and P1000, extracts of pomegranate peel at 250, 500, and 1000 mg kg™ diet, respectively; V250, V500,
and V1000, extracts of veratrum at 250, 500, and 1000 mg kg™ diet, respectively. Values are presented as mean + SE.
Different letters above columns express significant differences between groups (P<0.05)

Myeloperoxidase activity showed varying trends in different experimental groups (Figure 3.). Although, the MPO activity in

the treated fish groups increased at the beginning, it decreased by the end of the study and significantly higher MPO activity was
observed in the control group.
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Figure 3- Myeloperoxidase activity in blood leucocytes of rainbow trout fed with methanolic extracts of pomegranate peel and
veratrum. P250, P500, and P1000, extracts of pomegranate peel at 250, 500, and 1000 mg kg™ diet, respectively; V250, V500,
and V1000, extracts of veratrum at 250, 500, and 1000 mg kg™ diet, respectively. Values are presented as mean + SE.
Different letters above columns express significant differences between groups (P<0.05)

3.2. Antioxidant activity

SOD activity was found to increase in the groups P250 and P500 compared to other treatments and the control group on the 20t
day of the study (P<0.05) (Table 1). By the 40" day of the study, SOD decreased only in the P1000 fish group. In all other
groups, SOD increased and significantly higher values were observed from the V1000 group compared to that of the control
(P<0.05). Similar to that, V1000 group showed the highest SOD activity on the 60" day. Catalase activity had no differences at
any sampling time in any treatment groups compared to the control (P>0.05) (Table 2).
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Table 1- Superoxide dismutase (SOD) activities in rainbow trout fed with pomegranate peel (Punica granatum) and veratrum
(Veratrum album) extracts supplemented feed

Groups 20" Day 40" Day 60™ Day

Control 89.25+19.70° 65.63+17.41° 44.76+5.24°
P250 125.88+19.26% 102.56+7.532 30.60£10.08P
P500 180.66+41.922 95.82+18.212 31.81+£5.240
P1000 9.59+5.79¢ 22.62+5.46° 41.83+13.21P
V250 64.94+5.29b 69.94+12.56° 92.72+0.772
V500 99.38+17.59° 80.74+20.482 21.9+8.65°
V1000 60+9.49¢ 128.02+10.902 104.3+£13.52

All data are given as mean + SE (n =9); different letters in the same column denote statistically significant differences (P<0.05) between groups. P250, P500,
and P1000, extracts of pomegranate peel at 250, 500, and 1000 mg kg™ diet, respectively; V250, V500, and V1000, extracts of veratrum at 250, 500, and 1000
mg kg diet, respectively. The SOD activity is expressed as U/mL.

Table 2- Catalase (CAT) activities in rainbow trout fed with pomegranate peel (Punica granatum) and veratrum (Veratrum
album) extracts supplemented feed

Groups 20™ Day 40™ Day 60™ Day
Control 0.70+0.53 0.73+0.29 0.69+0.18
P250 0.43+0.03 0.46+0.04 0.49+0.05
P500 0.46+0.08 0.50+0.00 0.48+0.03
P1000 0.49+0.01 0.66+0.17 0.58+0.09
V250 0.36+0.03 0.47+0.03 0.40+0.02
V500 0.45+0.10 0.61+0.05 0.59+0.04
V1000 0.52+0.00 0.44+0.03 0.50+0.01

All data are given as mean + SE (n = 9); different letters in the same column denote statistically significant differences (P<0.05) between groups. P250, P500,
and P1000, extracts of pomegranate peel at 250, 500, and 1000 mg kg diet, respectively; V250, V500, and V1000, extracts of veratrum at 250, 500, and 1000
mg kg diet, respectively. The CAT activity is expressed as nmol/min/mL.

Glucose-6-phosphatase dehydrogenase (G6PDH) activities were significantly elevated (P<0.05) in P1000, P250, and V500
fish groups compared to that in the control. In other groups, GGPDH was significantly decreased after the 20™ day of the study
(P<0.05). On the 40" day of the study, GGPDH activity significantly decreased in all treatment groups except P1000 compared
to the control (P<0.05). On the 60" day of the study, G6PDH values of P250 and V1000 were almost similar to the control
(P>0.05) (Table 3).

Table 3- Glucose-6-phosphatase dehydrogenase (G6PDH) activities in rainbow trout fed with pomegranate peel (Punica
granatum) and veratrum (Veratrum album) extracts supplemented feed

Groups 20™ Day 40t Day 601 Day
Control 0.67+0.01¢ 0.90+0.032 0.85+0.022
P250 0.87+0.01° 0.75+0.01° 0.92+0.012
P500 0.57+0.01° 0.72+0.01°¢ 0.64+0.01°¢
P1000 1.05+0.012 0.82+0.022 0.68+0.00°
V250 0.72+04¢ 0.69+0.02°¢ 0.73+0.02°
V500 0.79+£0.01°¢ 0.74+0" 0.62+0.01¢
V1000 0.67+04¢ 0.67+0¢ 0.84+02

All data are given as mean + SE (n = 9); different letters in the same column denote statistically significant differences (P<0.05) between groups. P250, P500,
and P1000, extracts of pomegranate peel at 250, 500, and 1000 mg kg diet, respectively; V250, V500, and V1000, extracts of veratrum at 250, 500, and 1000
mg kg diet, respectively. The G6PDH activity is expressed as nmol/min/mL.

Glutathione peroxidase (GPx) activities in rainbow trout fed with different doses of experimental plants are shown in Table
4. The highest GPx activity was determined in V500 and V1000 compared to the control. The decrease in GPx activity was
determined on the 40™ day of study in P250 and V1000 groups compared to the control (P<0.05). No significant differences
were observed in treatment groups compared to the control on the 60" day (P>0.05).
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Table 4- Glutathione peroxidase (GPx) activities in rainbow trout fed with pomegranate peel (Punica granatum) and
veratrum (Veratrum album) extracts supplemented feed

Groups 20t Day 40" Day 60™ Day

Control 103.02+5.140 105.73+10.522 90.01+0.91
P250 57.62+7.16° 36.16£9.41° 97.02+0.41
P500 47.9849.85¢ 118.15+19.132 89.02+0.72
P1000 4.18+0.57¢ 94.9745.26? 91.01+0.30
V250 51.39£13.50°¢ 90.53+11.502 93.02+0.56
V500 127.78+11.722 104.87+7.052 95.03+0.01
V1000 163.96+28.428 76.34+6.17° 91.01+0.45

All data are given as mean + SE (n =9); different letters in the same column denote statistically significant differences (P<0.05) between groups. P250, P500,
and P1000, extracts of pomegranate peel at 250, 500, and 1000 mg kg diet, respectively; V250, V500, and V1000, extracts of veratrum at 250, 500, and 1000
mg kg diet, respectively. The GPx activity is expressed as nmol/min/mL.

Lipid peroxidation on the white muscle of the treated fish groups is presented in Table 5. MDA content was significantly
decreased in V250, P1000 and V1000 fish groups on the 20™ day. On the 40™ day of the study, P1000 had lowest value (P<0.05).
Only P250 and P500 groups’ MDA levels were similar to that of the control (P>0.05). In all other groups, MDA activity decreased
significantly. A significant decrease in MDA levels was determined in P250 and V500 fish groups on the 60" day of study
compared to that of the control (P<0.05).

Table 5- Malondialdehyde (MDA) levels in rainbow trout livers fed with pomegranate peel (Punica granatum) and veratrum
(Veratrum album) extracts supplemented feed

Groups 20™ Day 40" Day 60™ Day
Control 5.45+0.13° 5.08+0.16% 5.00+0.238
P250 7.02+0.172 5.89+0.182 3.91+0.08°
P500 5.4440.19° 5.11£0.102 4.35+0.15%
P1000 3.87+0.41°¢ 2.56+0.18°¢ 4.77+£0.482
V250 2.51+0.094 2.95+0.13°¢ 5.17+£0.22
V500 5.80+0.2° 4.21+0.27° 3.46+0.19°
V1000 4.01+£0.10°¢ 4.5340.17° 4.44+0.29°

All data are given as mean + SE (n = 9); different letters in the same column denote statistically significant differences (P<0.05) between groups. P250, P500,
and P1000, extracts of pomegranate peel at 250, 500, and 1000 mg kg diet, respectively; V250, V500, and V1000, extracts of veratrum at 250, 500, and 1000
mg kg diet, respectively. MDA levels are expressed as nmol/min/mL.

3.3. Digestive enzymes

Pepsin activity was determined at the end of study (Figure 4.). The highest pepsin activity was observed in the P250 fish group
(P<0.05). While no differences were observed in P500 and control groups, all other groups' pepsin activity was significantly
decreased compared to the control.
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Figure 4- Pepsin activity in rainbow trout fed with methanolic extracts of pomegranate peel and veratrum. P250, P500, and
P1000, extracts of pomegranate peel at 250, 500, and 1000 mg kg™ diet, respectively; V250, V500, and V1000, extracts of
veratrum at 250, 500, and 1000 mg kg™ diet, respectively. Values are presented as mean = SD. Different letters above columns
express significant differences between groups (P<0.05)

Trypsin activity was higher than control only in the P1000 group (P<0.05) and in P500 group, no difference was observed
compared to the control (Figure 5). However, in all other groups, trypsin activity significantly decreased.
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Figure 5- Trypsin activity in rainbow trout fed with methanolic extracts of pomegranate peel and veratrum. P250, P500, and
P1000, extracts of pomegranate peel at 250, 500, and 1000 mg kg™ diet, respectively; V250, V500, and V1000, extracts of
veratrum at 250, 500, and 1000 mg kg™ diet, respectively. Values are presented as mean = SD. Different letters above columns
express significant differences between groups (P<0.05)

Lipase activity showed no significant differences among the treated fish groups (Figure 6.).
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Figure 6- Lipase activity in rainbow trout fed with methanolic extracts of pomegranate peel and veratrum. P250, P500, and
P1000, extracts of pomegranate peel at 250, 500, and 1000 mg kg™ diet, respectively; V250, V500, and V1000, extracts of
veratrum at 250, 500, and 1000 mg kg™ diet, respectively. Values are presented as mean + SD. Different letters above columns
express significant differences between groups (P<0.05)

Amylase activity data are presented in Figure 7. In all treated fish groups, amylase activity decreased significantly.
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Figure 7- Amylase activity in rainbow trout fed with methanolic extracts of pomegranate peel and veratrum. P250, P500, and
P1000, extracts of pomegranate peel at 250, 500, and 1000 mg kg™ diet, respectively; V250, V500, and V1000, extracts of
veratrum at 250, 500, and 1000 mg kg™ diet, respectively. Values are presented as mean = SD. Different letters above columns
express significant differences between groups (P<0.05)

3.4. Haematology

Results on haematological responses are given in Table 6. Results showed a decreased WBC count in the P1000 fish group
compared to that of the control (P<0.05). No significant differences were observed for RBC count among all the treatment groups
(P>0.05). Haemoglobin content was significantly higher in the P250 group compared to the control. Other groups’ haemoglobin
contents did not show any differences compared to the control (P>0.05). Haematocrit values decreased significantly in P500 and
V250 compared to the control (P<0.05).
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Table 6- Haematological responses of rainbow trout fed with pomegranate peel (Punica granatum) and veratrum (Veratrum

album) extracts supplemented feed

Groups WBC RBC HGB HCT MCV MCH MCHC
Control 75.1+£122 1.60£0.09  10.10+0.50° 30.20+2.402 189.45+5.15 63.25+0.25 335.00+10.00
P250 77241258 1.89+038  13.15:0.69° 36.35+10.28%  213.0049.74  6527+7.01  306.50+23.51
P500  65.1+13.4%  130£0.09  8.50£0.10°  18.92+10.11° 21335£1045 77731140  368.50+73.12
PL000 5423857 1424008  9.54+021Y  27.6846.088  212.7545.16  67.97+3.08  320.00+15.18
V250 g1o1u0.148  143£0.12  9.3040.54°  18.80+£12.83° 195108697  65.6046.96  336.25+28.71
V500 gno142388  1.38+0.11 84440710  26.1844228 202284540  62.07+3.73  307.67+17.28
V1000  79.3247.68% 1404001  7.98£0.73b  2438+4.728  203.324535  51.10£18.07  293.40+15.69

All data are given as mean + SE (n =9); different letters in the same column denote statistically significant differences (P<0.05) between groups. P250, P500,
and P1000, extracts of pomegranate peel at 250, 500, and 1000 mg kg diet, respectively; V250, V500, and V1000, extracts of veratrum at 250, 500, and 1000

mg kg diet, respectively.
3.5. Growth performance

Growth performances are summarized in Table 7. The final weight of fish significantly decreased (P<0.05) in all treatment
groups except P1000 compared to the control. The lowest growth was recorded in veratrum administered groups (P<0.05).
Similar results were observed on weight gain and SGR values (P<0.05). However, interestingly, FCR decreased significantly in
the P500 fish group compared to the control (P<0.05).

Table 7- Changes at the end of the study (60 day) in growth performance of rainbow trout fed with pomegranate peel (Punica
granatum) and veratrum (Veratrum album) extracts supplemented feed

Parameter Control P250 P500 P1000 V250 V500 V1000
Initial Weight (g) 6.22+0.3 6.42+0.1 6.13+0.2 6.19+0.2 6.02+0.3 6.36+0.4 6.45+0.3
Final Weight (g)  27.64+1.82 22.57£0.57°  23.48+1.54° 25.13£3.18 20.02+1.47°¢ 19.98+0.55¢ 13.38+3.59¢
WG (%) 216.945.24%  149.68+2.42° 182.68+15.15° 198.03£16.38% 157.80£22.9°  133.05+8.59°  94.60+33.85¢
FCR 0.96+0.23° 0.91£0.11° 0.75+0.08°¢ 0.99+0.482 0.89+0.02° 0.95+0.07° 1.00+0.072
SGR (%) 248+0.118  2.15+0.04>  2.21+0.11P 23140212 1.9440.12¢ 1.94+0.05¢ 1.21+0.46¢

All data are given as mean + SE; different letters in the same column denote statistically significant differences (P<0.05) between groups. P250, P500, and
P1000, extracts of pomegranate peel at 250, 500, and 1000 mg kg™ diet, respectively; V250, V500, and V1000, extracts of veratrum at 250, 500, and 1000 mg
kg diet, respectively.

4. Discussion

In the present study, growth performances were negatively affected after the fish were fed with feeds supplemented with varying
doses of pomegranate peel and veratrum aqueous methanolic extracts. On the contrary, positive effects were observed on immune
response and antioxidant activity on such supplementations.

Respiratory burst is an activity that results after the production of several reactive oxygen molecules by neutrophils
(Moritomo et al. 2003) and it is an important adaptive immune parameter in such studies (Bilen et al. 2019b). In the present
study, the respiratory burst gradually increased in all experimental groups over time. Similar results were found in different fish
species treated with other medicinal plant extracts (Amhamed et al. 2018; Mohamed et al. 2018). In line with our study, increased
activity was determined in rainbow trout fed with different medicinal plants, such as Rheum officinale, Panax ginseng, Origanum
vulgare, Lavandula officinalis, Echinacea purpurea, Curcuma longa, and Aloe vera (Bulfon et al. 2018). Lysozyme is an also
important defense molecule of the fish (Bilen & Elbeshti 2019; Saurabh & Sahoo 2008). In the present study, lysozyme activity
showed an increasing trend over the entire study period and this indicated that both the plant extracts contributed to such increase
over 40 days of study. The medicinal plant has positive effects on lysozyme activity (Almabrok et al. 2018). Veratrum has an
active ingredient known as dihydro-veratramine (Wilson et al. 2010) which is very close to cyclopamine which acts as the
hedgehog signaling pathway inhibitor element (Reya et al. 2001). Cyclopamine has been reported to affect the innate immune
system in rainbow trout (Sénmez et al. 2018). We believe that this content should be responsible for lysozyme activity. At the
end of the study, in all treatment groups, MPO activity was found to decrease significantly. A similar trend of MPO activity was
observed in rainbow trout fed with lemon balm (Bilen et al. 2019c). However, contrasting results were obtained for Cyprinus
carpio and seabass fed with Malva sylvestris (Bilen et al. 2019b; Bilen et al. 2019d).
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Antioxidant system plays an important role in elimination of reactive oxygen species (ROS), thereby preventing cell damage
(Hoseinifar et al. 2020). In the present study, SOD activity in the P250 and P500 groups has increased, while no significant
differences were observed in CAT activity. After feeding for 20 days, almost all groups showed an elevated G6PDH activity,
while V500 and V1000 supplementation significantly increased GPx activity. Interestingly MDA levels decreased only in P1000
and V250 fish groups. MDA is well known as an oxidative stress indicator (Fang et al. 2002). It appears from the study that a
low dose of veratrum and a high dose of pomegranate peel has antioxidative properties. The results are in line with the antioxidant
activity of Psidium guajava leaf extracts in Oreochromis mossambicus (Gobi et al. 2016), and sage and thyme oil in rainbow
trout (S6nmez et al. 2015b).

Digestive enzymes are important markers to determine differences in growth performance in fish. In the present study,
amylase activity was lower in all of the treatment groups than in the control. Amylase increases after glycogen and starch are
introduced into the digestive system and are more active in omnivore fish species, suggestive of its lower values for rainbow
trout. No differences were observed in amylase activity after rainbow trout fed with stinging nettle (Urtica dioica), mango
(Mangifera indica), and lupin (Lupinus perennis) (Awad et al. 2012).

Lipase is secreted by the pancreas and has a major role in lipid catabolism (Awad et al. 2012). No difference was observed
in lipase activity in the present study as the experimental diets have similar fat contents. However, increased lipase activity was
determined after lemon balm administration (Bilen et al. 2019c). In the present study, a higher level of trypsin activity was found
in the P1000 fish group. However, no difference was observed after Ergosan administration in rainbow trout (Heidarieh et al.
2012).

Haematological parameters are important indicators to determine fish health. In the present study, WBC count increased in
veratrum administered groups, while RBC and HBG decreased. It can be opined that an inflammatory response could have
started after veratrum usage. Similar to this result, an increased WBC count was determined in rainbow trout after Melissa
officinalis (Farahi et al. 2012) and Echinacea purpurea treatments (Oskoii et al. 2012).

Growth performance in the present study was affected negatively, especially in veratrum groups. However, it is interesting
to note that FCR in the P500 group showed a diminishing trend. Similar to our FCR result, Heidarieh et al. (2013) found a
decrease in FCR value in rainbow trout fed with different doses of Aloe vera. In contrast to our growth performance results,
Ngugi et al. (2015), Adel et al. (2017), and Nobahar et al. (2015) found an increase in rainbow trout fed with different doses of
medicinal plants. No difference was observed after the administration of ribwort plantain (Elbesthi et al. 2020).

5. Conclusions

Both Veratrum album and pomegranate peel extract supplementation at varying doses increased the overall immune status and
antioxidant activities of rainbow trout fingerlings in a short period. Although all results were obtained under laboratory
conditions, it may be suggested that short-term usage of feed supplemented especially with pomegranate peel extract could be
used to improve immune responses. However, its long-term usage is not suggested. High doses of veratrum are not suggested as
an additive at all. Pomegranate peel, when supplemented at 500 mg/ kg, in particular, can be beneficial as it lowers the FCR and
improves the overall feed efficiency. Long-term effects are yet to be determined for different fish and feed combinations as these
by-products of the food industry have huge potentials to be included in the fish feed as additives. Further studies may investigate
the effects of these plant extracts on disease resistance.
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