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Abstract

The present study was designed to assess the effect of common mallow (Malva sylvestris)
extract diet in common carp (Cyprinus carpio) health parameters such as growth performance,
digestive enzyme activity, hematological profile, and immunological responses. In addition,
we evaluated the possibility of controlling A. hydrophila infection in common carp during the
common mallow extract diet (CM). Diets of common carp were supplemented with three
different concentrations (0.1, 0.5, and 1 g kg!) of common mallow extract. They were fed
with common mallow diet for 45 days. At the end of feeding, 0.1 g kg™' CM diet group
showed higher final weight and SGR (p < 0.05), whereas the 0.5 g kg™ CM diet group showed
significantly (p < 0.05) lower FCR rate. The digestive enzyme activity experiment was showed
that amylase and lipase activity significantly increased (p < 0.05) in 0.5 g kg™! CM diet. No
hematological parameters changed in all experimental groups. Only 0.1 g kg™! showed
significantly decreased level of red blood cell. In immunological response experiment, serum
lysozyme activity, nitroblue tetrazolium reduction, and myeloperoxidase activity significantly
increased in different doses of common mallow diet during the 45 days. Result of challenge
test with A. hydrophila showed that survival rate in 0.5 and 1 g kg™' CM diet was significantly
lower compared to control. The results elucidated that the CM diet could support nonspecific
immune system and growth promoter in common carp. Hence, common mallow can be used in
semi-intensive and intensive common carp culture.
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Introduction

Common carp (Cyprinus carpio) is a major cultured fish species in intensive and
semi-intensive aquaculture. It is third in total aquaculture production worldwide and
cultured in over 100 countries (Bostock et al. 2010; FAO 2016). The increasing
intensive aquaculture systems has accelerated serious problems such as diseases
outbreak, malnourished fish, deterioration of water quality, and others (Naylor et al.
2000; FAO 2016; Munir et al. 2018).

The fish diseases such as bacterial and parasitic infections are usually managed
using antibiotics and chemicals which lead drug resistance, immunosuppression, res-
idue risk, and side effects for animal health and environment (Bilen et al. 2016; Zoral
et al. 2017; Altunoglu et al. 2017; Rahman et al. 2019). These problems have
stimulated research on new alternative material such as medicinal herbs. The herbs
can be suitable candidate materials because they prevent diseases, stimulate growth,
and are eco-friendly for environment (Reverter et al. 2014; Bilen et al. 2016; Zoral
et al. 2017). Additionally, it is easy to prepare supplemented herb extract diets for
oral treatment methods (Zoral et al. 2017). Many studies have been reported that
medicinal herbs are alternative therapy on controlling major diseases in aquaculture
industry (Reverter et al. 2014; Bilen et al. 2016; Zoral et al. 2017). They were
reported to have antibacterial, antifungal, antiparasitic, and immunostimulant activities
(Bilen et al. 2011; Reverter et al. 2014; Zoral et al. 2018). In addition, previous
studies reported that medicinal herbs have a positive effect on growth rate, hemato-
logical (white and red blood cell), and digestive enzyme (amylase, lipase, trypsin, and
others) activity in fish species (Wang et al. 2015; Bilen et al. 2016; Bilen et al. 2018).

Medicinal herbs are useful candidate material for nutritional manipulation to
supporting fish health in aquaculture (Reverter et al. 2014; Bilen et al. 2018). Besides,
medicinal herbs are easy to apply in oral treatment methods compared to other
methods such as immersion and injection (Zoral et al. 2017). Thus, in the last
decades, many studies have been focused to effects of medicinal herb treatment
advantages on fish health (Reverter et al. 2014). This study was designed to determine
advantages of common mallow on common carp health.

Malva sylvestris, commonly known as “common mallow” in Turkey, belongs to
Malvaceae family and is native to Europe, Asia, and North Africa (Gasparetto et al.
2012). Common mallow has been used in traditional medicine, pharmacy, and food
industry (Ballero et al. 2001; Gasparetto et al. 2012; Prudente et al. 2017). It contains
flavonoids, terpenoids, phenol derivatives, vitamins C and E, and fatty acids
(Gasparetto et al. 2012; Saad et al. 2017; Yarijani et al. 2019). Moreover, several
authors reported that herb has some beneficial features such as anti-microbial, anti-
inflammatory, antioxidant, anti-diarrheal, antiseptic, emollient, demulcent, antitussive,
anticancer, and antiulcerogenic properties for animal health (Schulz et al. 2003;
Gasparetto et al. 2012; Prudente et al. 2013; Benso et al. 2015; Delfine et al. 2017;
Saad et al. 2017).

Here, we examined the efficacy of common mallow diet on growth performance, digestive
enzyme activity, hematological profile, and immunological responses in common carp. In
addition, we investigated antibacterial effect of common mallow against A. hydrophila infec-
tion in common carp.
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Material and methods
Source of fish

Common carp (2.95+0.01 g) were obtained from a local fish farm and transferred to indoor
laboratory, the Faculty of Fisheries, Kastamonu University, Turkey. A total of 40 fish
acclimated in tanks with 6.8—7.2 mg/L dissolved oxygen, pH 7.7-8.5, 0.2-.05 mg/L ammo-
nium, and 0.02-0.04 mg/L nitrite. During the acclimation, fish did not show any disease
symptoms or abnormalities. Water temperature was kept at 25-28 °C for 2 weeks. The tanks
were aerated and cleaned daily. The fish were maintained with a natural photoperiod. Water
parameters were monitored daily. Until experiment started, fish were fed commercial feed
twice a day at a rate of 2% body weight.

Diet preparation and experimental design

Leaves of M. sylvestris were purchased from local herb market in Kastamonu, Turkey (41°25'
50 N, 33°45'19 E). They were kept at 4 °C and used within 2 weeks. Then, the leaves were
dried at room temperature for 2 days. After drying, 50-g leaf material was extracted with 1 L of
40% methanol (Sigma-Aldrich, St. Louis, MO, USA) in laboratory blender at room temper-
ature, kept for 3 days. The mixer was filtered through 150-um filter paper and then evaporated
in rotary evaporator at 55-65 °C to remove the methanol. The final product was dissolved in
distilled water and stored in plastic tubes at 4 °C (Bilen et al. 2016). The methanolic extract of
M. sylvestris (CM) was diluted with 50 mL of distilled water. In the study, the fish feed was
prepared previously formulated by Bilen and Miige Bilen (2013). After then, the CM was
sprayed on the fish diet at concentrations of 0.1 (CMO01), 0.5 (CMO05), and 1 g kg™! (CM1) and
stored in plastic zip pack at —20 °C until use.

Randomly selected fish were divided into 4 experimental diet groups (0.1, 0.5, and 1 gkg™! CM
diets and a control diet without any extract). A number of 40 fish were placed in each aquarium
(100 L) with biological and mechanical filtration. Water parameters (temperature, oxygen, ammo-
nium, nitrite, and pH) were monitored daily. The fish were fed twice a day ad libitum for 45 days.
Any abnormal behavior or mortality was recorded in all the experimental groups.

Growth performance

The fish were weighed at the beginning (initial body weight) and at the end of the experiment
(final body weight). After the 45-day feeding experiment, weight gain (WG, %), specific
growth rate (SGR, %g/day), feed conversion ratio (FCR), and fish survival rate (%) were
calculated according to the method described by Ricker (1979) as follows:

Weight gain (WG%)
= 100 x (final body weight—initial body weight)/initial body weight
Specific growth rate (SGR, %g/day)
= 100 x [(Ln final weight)—Ln (initial weight)]/days of the experiment
Feed conversion ratio (FCR)
= feed intake (g)/weight gain (g)
Fish survival rate (%)
= 100 x (fish number in each group remaining at the end of the experiment/initial number of fish)

@ Springer



76 Aquaculture International (2020) 28:73-84

Digestive enzymes activity

Digestive enzymes such as amylase, lipase, and trypsin activities were examined at the end of
the feeding trials. Stomach and anterior part of intestine were homogenized in 1 mL cold
double distilled water using a Potter Elvehjem homogenizer. After then, samples were
centrifuged at 15,000 rpm for 20 min at 4 °C. Supernatants were evaluated by the Bradford
method (1976). The supernatant was gently collected with a plastic pipet and stored at — 80 °C
until analysis. Amylase activity was determined by using 2% starch (Sigma-Aldrich, St. Louis,
MO, USA) as a substrate (Worthington 1991). Lipase activity was determined by hydrolysis of
4-nitrophenyl myristate (Sigma-Aldrich, St. Louis, MO, USA) (Gawlicka et al. 2000). Trypsin
activity was measured by using benzoyl-dl-arginine-p-nitroanilide (Sigma-Aldrich, St. Louis,
MO, USA) (Erlanger et al. 1961). All enzyme activity units were calculated as follows:

Amylase = [(Sample:—Blank)2 X 7.712}—[1.082 X (Sample—Blank)]

+ 0.082 = Result/mg protein
Lipase = {(Sample—Blank) x (0.2359 + 0.0153)2} /mg protein
Trypsin = [(Last Result—First Result) /10 min]
= Absorption Result [(Absorption Result x 1 million)/8.800]/2 = Result/mg protein

Hematological analysis

At the end of feeding trials, fish were anesthetized by MS-222 (100 mg/L) for blood
sampling. The blood samples were collected from caudal vein puncture with heparin-
ized syringes and transferred EDTA tubes to test hematological parameters analysis.
White blood cell (WBC x 107/mm~3), red blood cell (RBC x 10¢/mm™3) counts, hemo-
globin (Hb, g/dL~'), and hematocrit (Hct, %) were measured as described by Blaxhall
and Daisley (1973). Blood indices included mean cell (MCV, fL), mean cell Hb
(MCH, pg), and the mean cell Hb concentration (MCHC, %) that were measured
according to Lewis et al. (2006).

Non-specific immune parameter analysis

At days 15, 30, and 45, three randomly selected fish from each group’s aquariums were
examined for serum lysozyme activity (LYS), nitroblue tetrazolium reduction assay (NBT),
and myeloperoxidase activity (MPO). LYS and NBT were measured according to method used
by Bilen et al. (2016). Myeloperoxidase activity (MPO) content in serum was determined as
described by Sahoo et al. (2005) with some modifications according to method used by Bilen
et al. (2016).

Challenge test
In the study, A. hydrophila strain SB-Ah1 previously isolated from diseased fish, with 1 x 108
CFUs mixed in 100 pL PBS was injected intraperitoneally to all experimental fish at the end of

dietary administration. Survival rate of each experimental group was examined and recorded
for 10 days.
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Statistical analyses

Statistics were analyzed with SPSS software version 24.0 (IBM Corp., Armonk, NY,
USA). All results of experiments were compared using one-way ANOVA. Before
subject to statistical analyses, all data were checked for normal distribution and
homogeneity of variance with the Kolmogorov-Smirnov test and Levene’s test, re-
spectively. Multiple comparisons were made using Tukey’s multiple range test. Sig-
nificance was set at p <0.05.

Results
Growth performance

Only CMO1 diet group showed higher final weight and SGR (p < 0.05) (Table 1). CMO1 diet
was increased WG rate, whereas other treatment groups (CMO05 and CM1 diet) showed lower
WG rate. CMO5 diet group showed significantly (p < 0.05) lower FCR rate (Table 1).

Digestive enzymes activity

Lipase activity significantly increased (p < 0.05) in CMO5 diet (Fig. 1). We observed that
trypsin level was not changed in all experimental groups (Fig. 2). Amylase activity was
significantly increased on CMO5 groups compared to control (Fig. 3).

Hematological analysis

HGB, HCT, MCV, MCH, and MCHC were not significantly changed in all experimental
groups (Table 2). Level of RBC was observed to significantly decrease in CMO1 diet group.

Non-specific immune parameters analysis

At the end of 30 days, LYS significantly increased (p < 0.05) in fish fed with CMO1
and CMO5 diet groups when compared with the control (Table 3). Furthermore, we
observed that LA level continued to be higher in CMO1 diet group compared to other
diets and control after 45 days.

MPO level significantly increased (p < 0.05) in fish fed with CM1 supplementation diets
after 15, 30, and 45 days (Table 3). In addition, higher MPO level was observed in CMO01 and
CMOS5 diet groups compared to control in different sampling days.

NBT increased (p < 0.05) in all treatment groups at the end of 45 days (Table 3).

Challenge test

At the end of the study, after the fish challenged with Aeromonas hydrophila, all
results are summarized in the Fig. 4. The results showed that the higher survival rate
was found in control and CMO1 group. While no differences were observed between
control and CMO1 group (p>0.05), CMO05 and CMO1 groups’ survival rate was
significantly decreased (p < 0.05).
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Table 1 Growth performances of common carp fed with common mallow (CM) aqueous methanolic extract,
control diet (0 g kg™!), CMO1 (0.1 g kg™!), CMO0.5 (0.5 g kg™!), and CM1 (1 g kg™!) at the end of the 45-day
experiment

Control CMO1 CMO5 CM1
Initial weight 3.09+0.01 3.03+0.02 3.05+0.01 3.08+0.01
Final weight 5.12+0.16° 6.16+£0.48 2 5.30+0.07° 4.56+024¢
Feed intake 201.06+13.48 2 222+19.80 @ 93.09+6.51 103.59+3.20 ®
SGR 1.12+0.08 ® 1.57+0.19 2 1.23+£0.03° 0.87+0.11 ¢
FCR 1.51+0.03 > 1.44+0.04° 1.21£0.01¢ 2.85+0.06 2
WG % 65.86+5.60 b 103.71+17.05 2 73.95+1.97" 47.98+7.38 ¢
RPS - - 4423 @ 69.23 2

Data represent means from three replicates per treatment. Values are presented as the mean + SE

Values in a row with the different superscript letters denote significant difference (p <0.05)

Discussion

Results of the study indicate that administration of dietary methanolic extracts of CM can
stimulate nitroblue tetrazolium reduction, lysozyme, and myeloperoxidase activity in the
common carp (Cyprinus carpio). It was also demonstrated that the survival rate of
A. hydrophila challenged common carp of CM05 and CM1 groups was lower than that of
control groups.CMO1 group’s growth promotion was determined to be higher than control.
The increased growth promotion and stimulated non-specific immune response could provide
a better yield in the common carp.

Aquaculturists have focused on alternative agents including the use of herbs as growth
promoters in fish for success production (Zoral et al. 2018). The common mallow at 0.1 g kg™!
significantly increased growth performance of the fish. FCR decreased slightly but not
significantly after 45 days of CMO1 diet. Additionally, FCR rate significantly decreased in
CMOS5 diet. On the other hand, FCR rate was higher, whereas WG rate was lower in CM1 diet.
When we examined digestive enzyme activity (lipase, amylase, and trypsin) between all
experimental groups, we did not find decreasing enzyme activity in CM1 diet. According to
this result, it is possible that CM1 diet was not consumed by fish. In our unpublished study, the
common mallow diet in all doses has positive effect on growth rate in rainbow trout
(Oncorhynchus mykiss). This difference could be explained by differences of fish species.
Some studies reported that garden cress (Lepidium sativum) and rhubarb (Rheum officinale)
diet increase growth rate in common carp (Xie et al. 2008; Bilen et al. 2018). According to our
treatment groups, CMO01 and CMO5 diet except CM1 diet showed similar growth-promoting
effect in common carp.

The digestive enzyme activities (lipase, amylase, and trypsin) are major players on growth
parameters (Furne et al. 2005). The higher digestive enzyme activities can easily hydrolyze
essential nutrient such as carbohydrates, lipids, and proteins (Bilen et al. 2018). Hence, the
present study was undertaken to investigate advantages of common mallow on the digestive
enzyme activity. In the study, lipase activity was significantly increased in CMO05 diet. In
addition, FCR rate decreased in the same dose. Some organic and inorganic components such
as flavonoids and sugar can trigger enzyme activity (Krogdahl et al. 2005). For this reason,
common mallow may have affected those enzyme activities. Similar result was also found by
Amhamed et al. (2018) that amylase and lipase activity increased during the nettle-leaf
goosefoot (Chenopodium album) diet in common carp.
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Fig. 1 Lipase enzyme activities of common carp fed a basal diet (control) and two diets supplemented with 0.1,
0.5, and 1 gkg™! for 45 days. Data represent the mean + SEM. Bars assigned with different superscript letters are
significantly different (p < 0.05). Control: control diet (common mallow 0 g kg™! feed), CMO1 (common mallow
0.1 g kg™! feed), CM0.5 (common mallow 0.5 g kg™! feed), and CM1 (common mallow 1 g kg™! feed)

There were no significant differences between the treatment groups fed with different levels
of CM in blood parameters. Hematological results demonstrated that doses of CMO01 to CM1
diet did not affect blood parameters in common carp. The efficacy of CM diet on hematolog-
ical parameters may depend upon fish species, age, and conditions. It is possible that CM diet
can make different results in different fish species.

The LYS level is an important indicator in nonspecific immune defense against bacteria and
other pathogen species (Shoemaker et al. 2015; Altunoglu et al. 2017). In this study, LYS
increased in treatment groups. Several studies have reported that various compounds in herb
extracts can directly trigger the increase of LYS and support to immune system in fish (de
Souza et al. 2019). For example, black cumin seed (Nigella sativa), tetra (Cotinus coggygria),
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Fig. 2 Trypsin enzyme activities of common carp fed a basal diet (control) and two diets supplemented with 0.1,
0.5,and 1 g kg! for 45 days. Data represent the mean + SEM. Bars assigned with different superscript letters are
significantly different (p < 0.05). Control: control diet (common mallow 0 g kg™! feed), CMO1 (common mallow
0.1 g kg! feed), CM0.5 (common mallow 0.5 g kg™! feed), and CM1 (common mallow 1 g kg™! feed)
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Fig. 3 Amylase enzyme activities of common carp fed a basal diet (control) and two diets supplemented with
0.1,0.5,and 1 gkg™! for 45 days. Data represent the mean = SEM. Bars assigned with different superscript letters
are significantly different (p <0.05). Control: control diet (common mallow 0 g kg™! feed), CMO1 (common
mallow 0.1 g kg™! feed), CM0.5 (common mallow 0.5 g kg™! feed), and CM1 (common mallow 1 g kg™! feed)

and dill (Anethum graveolens) increased LYS activity (Awad et al. 2013; Bilen et al. 2014;
Bilen et al. 2018). These herbs and our candidate herb contain various flavonoids components
(Tubesha et al. 2011; Wang et al. 2015; Saad et al. 2017; Genovese et al. 2018). The flavonoids
have direct effect to LYS level (Yang et al. 2012). Hence, it is necessary to identify which
active flavonoid component affect LY'S level.

The flavonoids can trigger and affect superoxide anion activity (Robak and Gryglewski
1988). Superoxide anion is important to prevent and control against microbial infections in
living organisms (Bilen et al. 2018). The common carp fed with all doses of CM diets showed
a significant increase in NBT level when compared to the control. Previous studies reported
that NBT level increased during the oyster mushroom (Pleurotus ostreatus), tetra, and black
cumin diets which contain flavonoids (Bilen et al. 2014; Bilen et al. 2016; Llaurado et al. 2016;
Saad et al. 2017; Genovese et al. 2018). Thus, our results are consistent with the results of
different herb species obtained from the previous studies.

White blood cells such as macrophages and neutrophils are important in host defense
mechanism against pathogens such as bacteria, virus, fungus, and parasites (Johnston 1978).

Table 2 Hematology of common carp fed with different doses of the common mallow aqueous methanolic
extract at the end of the 45-day experiment

Control CMO1 CMO5 CMl1
RBC 1.91 £0.04 2 1.27 £0.32b 1.86 £0.07 2 1.86 £0.01 2
HGB 825+ 0.11 5.10 + 1.27 7.50 £ 0.00 6.45 +0.53
HCT 174.90 + 4.45 153.55 + 0.67 155.40 + 5.09 155.15 £2.72
MCV 43.15+0.25 40.40 = 0.21 40.40 £ 1.56 34.65 £2.72
MCH 43.15+0.25 40.40 = 0.21 40.40 £+ 1.56 34.65+2.72
MCHC 263.50 + 4.60 264.00 + 2.83 260.00 + 1.41 224 +21.92

Values in a row with the different superscript letters denote significant difference (p < 0.05). Control: control diet
(common mallow 0 g kg™! feed), CMO1 (common mallow 0.1 gkg™! feed), CMO0.5 (common mallow 0.5 g kg™
feed), and CM1 (common mallow 1 g kg™! feed)
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Table 3 Immune responses of common carp fed with different doses of the common mallow aqueous methanolic
extract at the end of the 45-day experiment

Control CMO1 CMO5 CMl1

NBT 15 days 091 +0.05 0.94 £ 0.11 0.78 £ 0.07 0.94 +0.13

30 days 0.62 +0.10® 0.74 £ 0.06 2 0.65 +0.05 095+0.142

45 days 1.16 £ 0.07 ® 1.44 £0.04 2 1.47 £0.24 2 1.51 £0.03 2
MPO 15 days 31.22 £5.66° 67.73 £ 17.16° 151.67 £2.37 3 137.27 £25.052

30 days 16.49 + 0.06 © 275.16 £ 61.44 2 183.36 +23.00 ® 284.17 £22.78 2

45 days 1111.27 + 156.67 ® 1400.26 £2.70 2 701.08 £ 58.59 ¢ 1935.76 £ 55.25
LYS 15 days 80.22 + 3.00 76.85 + 3.09 73.44 £ 8.22 78.73 £+ 2.60

30 days 9.03 +£1.09° 16.39 £2.33 2 15.10 £5.54 2 11.74 £ 1.65"

45 days 12.61 £1.26° 23.39 £4.51 2 14.73 £2.32b 1446 £ 2.8 b

Values in a row with the different superscript letters denote significant difference (p < 0.05). Control: control diet
(common mallow 0 gkg™! feed), CMO01 (common mallow 0.1 g kg™ feed), CM0.5 (common mallow 0.5 g kg™!
feed), and CM1 (common mallow 1 g kg™! feed)

Neutrophil activity depends on some factors such as chemotactic, phagocytic, bactericidal
functions, respiratory burst, and MPO level in fish (Dalmo et al. 1997; Palic et al. 2005). When
the inflammation was caused by the pathogens in the body, MPO enzyme directly stimulates
the macrophages and neutrophils (Grattendick et al. 2002; Lau et al. 2005). In our study, MPO
level was significantly increased in all treatment groups. Many studies have reported that MPO
activity increased in fish fed with various herb extracts. For example, guduchi (7inospora
cordifolia), dill, garden cress, nettle, and oyster mushroom increased MPO activity in fish
(Alexander et al. 2010; Soner et al. 2016; Soner et al. 2018). MPO level may depend on
flavonoids or other active components of herb extract such as LA and NBT.

We have shown that CM05 and CM1 diets resulted decreased survival rate of fish compared
to control and CMO1 diets. This result suggests that common mallow in oral treatment did not
treat A. hydrophila infection during the CMO01 to CM1 diet. Different treatment methods such
as immersion or higher doses of common mellow extract in feed may treat and prevent the

Control CMO1 CMO5
Experimental Groups
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— N W g [ e NN |
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Fig. 4 Survival rate of the experimental groups after challenge with A. hydrophila at the end of the study. Data
represent the mean + SEM. Bars assigned with different superscript letters are significantly different (p < 0.05).
Control: control diet (common mallow 0 g kg™! feed), CMO1 (common mallow 0.1 g kg™! feed), CMO0.5
(common mallow 0.5 g kg™! feed), and CM1 (common mallow 1 g kg™! feed)
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A. hydrophila. Several studies reported that common mallow extract inhibited the growth of
colonies of fungus such as Aspergillus candidus, Aspergillus niger, and Fusarium culmorum
(Magro et al. 2006; Sleiman and Daher 2009; Gasparetto et al. 2011). Probably, in the future,
investigation may be reported that common mallow extract will show antipathogenic activity
against fungus species in different fish species.

In conclusion, our results show that common mallow is suitable candidate herb as a support
nonspecific immune system, growth promoter in specific dose (CMO05), and triggered digestive
enzymes activity. However, increased non-specific immune parameter was not finalized with
high survival rates against A. hydrophila. Further studies are needed to be determined if there
are any protection effects of common mallow against different pathogenic bacteria. It is also
clear from the study that common mallow dosage is very important for common carp and
increased dosage caused high mortality rate against A. hydrophila. It is necessary to determine
safety dose for fish health. Hence, toxicological and pharmacological studies are needed for
drug safety. This and similar studies will help to find the advantages of a new candidate herb
species for fish health.
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