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Abstract

Abstract

Major plantain (Plantago major) is belonged to Plantaginaceae family, traditionally it was used
commonly in folk medicine for skin poultices on wounds, sores, or insect stings. This study was
investigated the effect of different levels of major plantain extraction on hematological,
biochemical and immunological indices in common carp (Cyprinus carpio). Common carp
fingerlings (N=240, 18.69£2.09g) were randomly distributed in 12 tanks (3 treatments in 3
replicates). The fingerlings were fed with O (as control), 0.1, 0.5 and 1% major plantain extract
for 45 days. At the end of the experiment, blood samples were taken from the caudal vein, and
some hematological (RBC, HCT, Hb, MCV, MCH, MCHC, WBC, Lymphocyte, Monocyte,
Neutrophil) factors, serum biochemical (Glucose, AST, ALT, ALP) and immunological (Total
Ig, Globulin, Albumin, Total protein) indices-indices were evaluated. There were no significant
differences in RBC, HCT, MCV, ALP, AST, ALT, Total protein, Albumin and total
Immunoglobulin concentrations and also Monocytes, lymphocytes and neutrophils between
treatments fed different levels of major plantain extract and the control group (£2>0.05). Hb,
MCH, MCHC, globulin levels in treatment fed with 0.1% major plantain extract was remarkably
higher than other groups (£<0.05). Glucose level in treatments fed with 0.1 and 1% major plantain
extract were not remarkably different from each other (P>0.05), but were significantly higher
than two other groups (£>0.05). Finally, due to positive effect of major plantain extract at the
level of 0.1% on some hematological indices-indices and the immune responses in common carp,
it can be suggested to use major plantain extract to promote immune system in common carp.
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INTRODUCTION
Globally, aquaculture has been known as the fastest
growing food production technology to meet
increasingly sea protein demand (Elbesthi et al. 2020).
The aquaculture industry has been reported about 10%
growth annually since 1950 (Pauly 2017). According
to the FAO, over 91% of global aquaculture
production currently being produced in the Asia
region (102.9 million tons in 2017). Currently, total
global aquaculture production is estimated more than
18.32 million tons (Tacon 2020; Elbesthi et al. 2020).
The Common carp is a widespread freshwater fish
of eutrophic waters in lakes and large rivers in Europe
and Asia that Dedicated about 4.5 million tons of

global aquaculture production in 2016 (Zembheri
Navruz et al. 2019). To achieve more output, rapid
growth, efficiency, increased
resistance to disease and stress has been noticed in the
aquaculture industry (Tangestani et al. 2011). For long
time, Antibiotics, hormones, and chemical drugs have
been used as growth and immunity stimulants in
aquatic farms (Lee et al. 2012). Many of these
chemical treatment in intensive fish culture have been
criticized because of their side-effect specially
emergence of drug-resistant bacteria, environmental

nutritional and

pollution and bioaccumulation of undesired residues
as well as weakening the immune systems in culture
aquatic species (Tangestani et al. 2011). Some non-
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chemical substitutes have been recommended to
alternate with chemicals as growth and immune
stimulants  including: organic acids,
probiotics, herbs, etc. has been considered in recent
year (Zakariaee et al. 2021; Masamha et al.
2010Alagawany et al. 2020).

Herbals medicine and their derivatives have been
studied as immune stimulants in humans and animals
(Bao et al 2019). Previous studies were approved plant
extracts play as growth and immune booster in fish
(Paray et al. 2020). Medicinal plants are considered as
appropriate alternative of antibiotics
chemicals to suppress diseases and pollutants in
aquaculture farms (Rajabiesterabadi et al. 2020).

Major plantain (Plantago major) is belonged to
Plantaginaceae family, traditionally were used
commonly in folk medic ine for skin poultices on
wounds, sores, or insect stings. In traditional Iranian
medicine, there are two plantain species including
Plantago major and Plantago lanceolate used as
medical treatments. Plantago major is in the order
Plantaginaceae and the English name plantain is major
plantain and grows throughout Iran, USA, Europe,
Turkey, Afghanistan, Pakistan, Iraq and the
Palestinian Plateau (Ahmad et al. 1980; Behbahani et
al. 2017). It also used as an anesthetic, antiviral, anti-
inflammatory, astringent, anti-worm, psychoactive,
anti-histamine, anti-rheumatic, anti-ulcer, diuretic,
laxative and antihypertensive in traditional medicine.
In addition, soluble aqueous compounds are isolated
from the plantain (major plantain) and increase human
lymphocytes and stimulate the immune system.
(Kobeasy et al. 2011). Biologically active compounds
and components of major plantain include flavonoids,
alkaloids, polysaccharides, lipids, phenolic acid
derivatives, iridoid glycosides and terpenoids,
carbohydrates, caffeic acid derivatives, and also,
acetic acid, benzoic acid, cholorogenic acid, citric
acid, ferric acid, linoleic acid, salicylic acid and
arsenic acid are some other active compounds of this
plant (Anushiravani et al. 2020; Reina et al. 2013).

Common carp (Cyprinus carpio.) is belonged to
Cyprinidae, which is the largest freshwater family
(Vilizzi & Walker 1998). Common carp is the most

enzymes,

and other

important farmed fish species in the world that
constitute 71.9% of freshwater production (Yousefi et
al. 2019). High growth rate, affordable food cost, and
high tolerance against poor quality and bad farming
condition has placed these species among the three
most important breeding species in the world (FAO
2006).

Some previous studies are focused on Plantago
lanceolate effect in other animal physiology such as
quail chickens (Temiir & Sema 2019), but based on
open source data, there is a lack of information about
major plantain effects on aquatic animals. So, this
study was investigated the effect of major plantain on
hematological and innate immune indices in common

carp.

MATERIALS AND METHOD
Experimental design: This research was performed in
the Shahid Nassir Fazli Barabadi aquaculture center,
Gorgan-Iran in February 2020. 240 healthy common
carp fingerlings (average weight= 18.2+0.69 g) were
purchased from private local farm and adapted with
experimental condition for two weeks. The fingerlings
were randomly distributed into 12 fiberglass tanks
with 50 liters water. Experimental treatments were
designed as 3 treatments (0.1, 0.5 and 1% major
plantain extract per kilogram of food) and a control
group (without major plantain extract) with three
replicate (Bilen et al. 2020). 40-50% of the tank water
was exchanged daily (Heydarnejad 2012).
Physiochemical indices of water were monitored
daily using a portable water quality tester (Model 320-
WTW, Germany). Average physicochemical indices
of water including temperature, pH, hardness, and
dissolved oxygen were adjusted at 26+2°C, 7.210.3,
286+1.2mg L! total calcium carbonate, and 8mg L
respectively (Heydarnejad 2012).
Major plantain extraction: Extraction of major
plantain seeds was performed by Nhu et al. (2019)
Method. The first, the seed of major plantain plant
from the local market prepared, secondary, the seeds
was pulverized by electric mill. Then, 400 g major
plantain powder was mixed with 1200 mL of alcohols
96% in a ratio of 1:3 and was shacked for 72 hours,
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afterwards, the solution was centrifuged in 5600rpm
for 10 minutes at 4°C. Finally, the supernatant was
collected and transferred into rotary at 50°C to vapor
alcohol from the solution. In order to further
concentrate of the extract, an oven with a temperature
of 50°C was used.
Diet preparation: A commercial diet (carp feed, Celine
company) was prepared for this study. In order to
preparation the experimental diets, different levels of
extract was certainly mixed with alcohol and after
dissolving, sprayed on diets. In order to prevent the
effect of alcohol, it was sprayed on basal diet as the
control group. To remove the alcohol, experimental
diets were placed in a clean, dark and cool place for
24 hours. Fish were fed 2 times in a day at 3% of their
body weight (Giri et al. 2019).
Blood sampling, hematological and non-specific
immune indices: At the end of the experiment, blood
samples collected from 3 fasted fish
(anesthetized with 50mg clove powder in one liter of
water) of each tank using a method described by the
Feldman (2000). Erythrocytes (red blood cell, RBC)
and leukocytes (WBC) numbers were counted using a
Neubaur hemocytometer. After fixing (96 % ethanol
for 30 min) and staining (Giemsa solution) of the
blood smear samples, differential leukocyte counts
(monocyte, lymphocyte, and neutrophil) were
estimated by optical biology microscope (ECLIPSE
E100, Nikon, Tokyo, Japan) (Dorafshan et al. 2008).
Hematocrit (HCT) was determined using micro
hematocrit capillaries and expressed as percentage of
total blood volume (Thompson et al. 1997).
Hemoglobin (Hb) concentration was determined by
cyanmethemoglobin method (Blaxhall & Daisley
1973). Mean corpuscular volume (MCV), mean
corpuscular  hemoglobin (MCH),
corpuscular hemoglobin concentration (MCHC) were
calculated indirectly using the following formula
(Blaxhall & Daisley (1973):
MCYV (fL)= (Het (%) x 10)/RBC (106/mm3)
MCH (pg)= (Hb (g/dL) x 10)/RBC (106/mm3)
MCHC (g/dL/%)= (Hb (g/dL) /Hct (%)) x100

The non-heparinized samples were centrifuged in
7000rpm for 10 minutes at 4°C and supernatant were

Wwere

and mean

accurately collected. Finally, the obtained serum was
kept in -80°C until future analysis. Serum alkaline
phosphatase (ALP), aspartate aminotransferase
(AST), alanine aminotransferase (ALT), total protein
(TP), albumin, globulin and glucose were measured
using commercial kits (Pars Azmoon®, Iran)
according to the protocols suggested by manufacture
using spectrophotometry method. Also, total Ig was
measured by Enzyme-Linked Immuno-Sorbent Assay
(ELISA) (Irma, JAPAN) according to instructions
Eastbiopharm® kit (China) (Drabkin & Austin 1932).
Data analysis: All results were reported as the mean *
standard deviation (n=3), and all statistical analyses
were performed using SPSS 23.0. (Chicago, IL,
USA). All data were compared by one-way analysis
of variance (ANOVA), and differences between the
means were tested by Duncan’s tests. Differences
were considered significant when the P value was less
than 0.05 (F/<0.05). All graphs were drawn with
Microsoft Excel version 2019.

RESULTS

Hematological indices: Blood cells: Hematological
indices related to blood cells of common carp
(Cyprinus carpio) fed with different levels of major
plantain extract are presented in Table 1. According to
the results, there were no significant differences in
RBC, HCT and MCV between treatments and the
control group (#>0.05). Hemoglobin concentration in
treatment fed with 0.1% major plantain extract was
remarkably higher than other groups (£<0.05); but its
level in treatment fed with 0.5 and 1% major plantain
extract was not statistically differ from the control
group (£>0.05). In addition, MCH and MCHC levels
in treatment fed with 0.1% major plantain extract was
remarkably higher than other groups (£<0.05).
Immune cells: The effect of major plantain extract on
WBC and differential leukocyte counts are presented
in Table 2. WBC in treatment fed with 1% major
plantain extract was notably higher than other groups
(P<0.05). Monocytes, lymphocytes and neutrophils
showed no significant difference in all treatments and
the control group as well (£>0.05).
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Table 1. Hematological indices of Common carp (Cyprinus carpio) fed with different levels of major plantain extract.

Hematological

levels of major plantain extract

indices Control 0.1% 0.5% 1% Sig
RBC (10%/mm?) 2.07+0.18 1.985+0.035 2.06+0.16 1.965+0.115 0.717
HCT (%) 35.00+2.00 32.333+2.021 34.333+2.517 34.00+1.000 0.611
Hb (g dL ™) 7.42+0.834° 9.948+0.7872 7.311+1.951° 5.422+0.245° 0.009
MCV (um?) 169.38+5.086 165.52+12.327 166.71+1.687 173.32+8.538 0.653
MCH (pg) 35.81+1.532° 50.11+3.7612 35.17+6.684% 27.69+2.575¢ 0.001
MCHC (%) 21.16+1.339° 30.32+2.092? 21. 11+4.046° 15.95+0.741° 0.001

Values are presented as the mean + S.D. Different letter denote significant difference between treatments (P<0.05).

Table 2. WBC and differential leukocyte counts of Common carp (Cyprinus carpio) fed with different levels of major plantain extract.

WBC and levels of major plantain extract
| eusgz;zﬂtr'lg'l cos Control 0.1% 0.5% 1% Sig
WBC (10%/mm?) 21.00+1.00° 23.333+1.041° 22.667+0.577° 28.50£1.8032 0.000
Lymphocytes (%) 86.36x£5.584 82.56+13.632 91.71+£10.794 91.71£3.001 0.579
Monocyte (%) 8.87+4.278 8.6946.339 3.02+3.01 5.05+3.458 0.362
Neutrophils (%) 4.76+2. 841 8.75+9.214 5.28+7.687 3.24+0.467 0.739

Values are presented as the mean + S.D. Different letter denote significant difference between treatments (P<0.05).
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Fig.1. Metabolic enzymes in liver: Alkaline phosphatase (ALP), Aspartate aminotransferase (AST), Alanine aminotransferase
(ALT) level in serum of Common carp (Cyprinus carpio) fed with different levels of major plantain extract for 45 days. Values are
presented as the mean + S.D. The bars assigned with different letter denote significant difference between treatments (P<0.05).

Non-specific immune: Hepatic metabolic enzymes:
The effect of dietary supplemented with different
levels of major plantain extract on metabolic enzymes
including ALP, AST and ALT in common carp is
shown in Figure 1. The results showed no significant
differences in ALP, AST and ALT in all groups
(P>0.05).

Serum innate immune indices: Albumin and Glucose
concentrations in common carp fed with different

levels of major plantain extract are mentioned in
Figure 2. Albumin concentration was not statistically
different between all treatments and the control group
(P>0.05). Although glucose level in the control group
and treatment fed with 0.5% major plantain extract
were not remarkably different from each other
(P>0.05), it was significantly higher than other groups
(P<0.05). Based on the results, no significant
differences were observed in total protein and
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Fig.2. Some serum innate immune indices: A) Albumin, B) Glucose, C) Total protein, D) Immunoglobulin and E) Globulin levels
in Common carp (Cyprinus carpio) fed with different levels of major plantain extract for 45 days. Values are presented as the
meantS.D. The bars assiened with different letter denote significant difference between treatments ( £<0.05).

Immunoglobulin concentrations in treatments fed with
different levels of major plantain extract and the
control group (£>0.05). However, the amount of
globulin in treatment fed with 0.1% the plant extract
was noticeably higher than others (£<0.05).

DISCUSSION
Plantaginaceae traditionally was used to treat liver
disease, stomach problems and urinary system

inflammation. The effect of some species of plantain
was investigated in animal feeding (Fu et al. 2019).
Despite the unique properties of major plantain, there
is limited information about the possible effects of
major plantain in fish nutrition. However, there is
some positive information about other species of
plantain on animals, which caused to improve general
performance. For instance, Asiatica plantain extract
reduced blood pressure in mice (Fu et al. 2019). Also,
ribwort plantain (Plantago lanceolate L.) is useful to
wound healing in mice (Kurt et al. 2018).

Hematological indices are important indices to fish
health monitoring (Fazio, 2019). Obtained results
showed diets supplemented with major plantain
extract had no significant effect on RBC, HCT and
MCV. RBC, Hb and HCT levels play a key role to
facilitate tissue oxygenation and carbon dioxide
elimination. Similar results were reported by Elbesthi
et al. (2020). They proved dietary supplemented with
Plantago lanceolate extract had no notable effect on
RBC and HCT in rainbow trout. Some previous
studies and their
derivatives like juniper berry oil (Osman et al. 2019),
olive leaf extract (Olea europea L.) (Zemheri-Navruz
et al. 2019), marjoram extract (Origanum majorana)
(Yousefi et al, 2020), ginger extract (Zingiber
officinale) (Mohammadi et al. 2020), and rosemary
leaf powder (Yousefi et al. 2019) had no remarkable
effect on RBC and HCT levels of common carp. In
contrast with our results, it was reported RBC, Hb and
HCT levels remarkably increased by
supplementing diet with 200 mg Origanum majorana

confirmed that some plants

were
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extract as an herbal supplementation in per kg to
common carp diet (Yousefi et al. 2020). Hb level in
treatment fed with 0.1% major plantain extract was
remarkably higher than other groups. To confirm our
result, a published report proved that supplemented
diet with Plantago Ilanceolate extract caused a
significant increase in Hb concentration in
comparison with the control group (Elbesthi et al.
2020). Our findings showed there was no significant
difference in MCV between all treatments. Binaii et
al. (2014) investigated dietary treated by nettle leaf
and stem powder (Urtica dioica) on juvenile beluga
(Huso huso) and then reported the herbal powder had
no significant effect on MCV level, but MCHC level
was significantly increased. MCH and MCHC level in
treatment fed with 0.1% major plantain extract was
remarkably higher than other groups. Similar results
confirmed our findings reported by Rajabi Esterabadi
et al. (2020), Elbesthi et al. (2020), Mohammadi et al.
(2020), which they were all found that diet
supplemented with plant-treated extracts increased
MCH and MCHC in treatments compared to the group
fed with non-supplemented diet. This increase might
be related to the increase in Hb concentration.

The humeral immunity is an important part of
innate immune system includes the production of
antibacterial compounds, proteins of
inflammation acute phase, complement activated by
alternative pathway, cytokines, phagocytosis and
inflammation (Bayne & Gerwick 2001). White blood
cells (WBC) are a part of the humoral immune system
that helps fight infection and defend the body against
other foreign materials (Rieger & Barreda 2011). In
the present study, WBC in treatment fed with 1%
major plantain extract was notably higher than other
groups, However, Monocytes, lymphocytes and
neutrophils were no significant difference in all
treatments. Increasing in WBC due to plant-based
supplemented diet causing in innate immune boosting
to disease resistance (Yousefi et al, 2020). Increasing
in WBC by mixing diets with herbal derivatives have
been proved by previous studies ( For more
information see, Binaii et al. (2014), Adel et al.
(2016), Yousefi et al. (2019), Adel et al. (2020) and

numerous

Yousefi et al. (2020). White blood cells such as
neutrophils and macrophages play an important role in
defense against pathogens, bacteria, viruses, fungi and
parasites (Bilen et al. 2020) that confirmed by Binaii
et al. (2014) and Mohammadi et al. (2018). In the
present study, it can be justified that there was no
significant difference in the amount of these cells due
to the absence of the disease and lack of pathogens.
ALP, AST and ALT activities are bio-indicators of
liver histological damages. Based on our findings,
there were no significant differences in hepatic
metabolic enzymes in fish fed different levels of major
plantain extract and the control group. Changes in
biochemical indices reflect an abnormal physiological
state (Osman et al. 2010) and stress conditions (Roohi
et al. 2017). Similar results were documented by other
researchers who reported herbal extracts did not lead
to changes in the amount of liver enzymes in their
studied species, because these plant extracts did not
have harmful and toxic substances for the species
body, so, no adverse outcomes in liver observed (For
more information see; Binaii et al. (2014), and Latif et
al. (2021). Our results showed supplemented diet with
major plantain extract was not effective on serum TP
and Al levels in common carp as well. TP
concentration is considered as a main indicator of
innate immune system status in fish. Diminution of TP
can reflect liver disease or liver tissue destruction
(Roohi et al. 2017). Also, albumin is transport protein
that bind to various ligands and carry them around and
play a key role in maintain asthmatic pressure and
innate immune system (Yeganeh et al. 2015). In line
our results, Osman Sabri Kesbi¢ et al. (2019) were
published  herbal-supplemented diet had not
significant effect on serum albumin level in common
carp. In the present study, due to no change in the level
of TP and albumin concentrations, along with no
change in the levels of liver metabolic enzymes in the
treatments, it can be indicated that major plantain
extract had no adverse effect on fish health status.
Serum globulin level in treatment fed with 0.1% major
plantain extract was remarkably higher than other
treatments. Awad & Awaad (2017), reported that
some medical plant extract can improve the level of
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globulin in some species. To confirm our results
Mohammadi et al. (2020) documented addition of
0.2% and 0.4% ginger extract (Zingiber officinale) in
common carp diet caused a sharp increase in globulin
level. Glucose level in control and treatment fed with
0.5% medical plant extract were as the same. Since,
glucose level is considered as stress indicators in fish
(Osman et al, 2010) and changes in serum glucose
level is sign of malnutrition or kidney damage (Roohi
et al. 2017). So, it is concluded that adding major
plantain extract more than 0.5% reduces stress and
probably kidney damage. Similar to our results,
Rashidian et al. (2020) reported that addition of
alcoholic extract of oak (Quercus brantii) acorn more
than 600 mg cause in glucose level decreasing.

Ig is coated by lymphocytes or epithelial cells that
detect antigens such as bacteria and increase disease
resistance. No significant differences were observed
in Ig level fed with different levels of major plantain
extract in all treatments and the control group. To the
best of our knowledge there is no published study
about the effects of dietary supplemented with major
plantain in common carp, so, we can benefit from the
results of similar cases. In agreement with our study,
Safari et al. (2016) reported that herbal-treated dietary
had no significant effect in terms of Ig level in
common carp. In contrast, previous studies revealed
elevation of the total Ig in Indian major carp (Labeo
rohita) fed root (Achyranthes aspera) extract
containing diet (Rao et al.,2004), common carp fry fed
Persian hogweed (Heracleum persicum) (Hoseinifar et
al. 2016), loquat (Eriobotrya japonica) (Hoseinifar et
al. 2018), Labeo rohita (Hamilton) fed Ocimum
sanctum (Tulsi) (Das et al. 2015). No increase
observed in total Ig level in the present study may be
justified by inability of major plantain extract to
influence on immunity system in common carp.
However, no negative effects were observed.

CONCLUSION

In conclusion, major plantain extract had no negative
effects in all treatments. Based on our results, major
plantain extract at the level of 0.1% had more positive
effects on some hematological indices and the

immune responses; therefore, it can be recommended
supplementing diet with major plantain extract to
promote immune system in farmed fish.

REFERENCES

Ahmad, M.S.; Ahmad, M.U. & Osman, S.M. 1980. A new
hydroxyolefinic acid from Plantago major seed oil.
Phytochemistry 19(10): 2137-2139.

Anushiravani, M.: Azad, F.J.: Taghipour, A.: Mirsadraee,
M.: Afshari, J.T.: Salari, R.: Najafzadeh, M.J.:
Khoshkhui, M; Engel, RM. & Farshchi, M.K. 2020.
The effect of Plantago major seed and almond gum on
refractory asthma: A proof-of-concept study. Journal of
Herbal Medicine 19: 100297.

Adel, M.; Dawood, M.A.; Shafiei, S.; Sakhaie, F. &
Shekarabi, S.P.H. 2020. Dietary Polygonum minus
extract ameliorated the growth performance, humoral
immune indices, immune-related gene expression and
resistance against Yersinia ruckeri in rainbow trout
(Oncorhynchus mykiss). Aquaculture 519: 734738.

Adel, M.; Pourgholam, R.; Zorriehzahra, J. & Ghiasi, M.
2016. Hemato-Immunological and biochemical
indices, skin antibacterial activity, and survival in
rainbow trout (Oncorhynchus mykiss) following the
diet supplemented with Mentha piperita against
Yersinia ruckeri. Fish & Shellfish Immunology 55: 267-
273.

Alagawany, M.; Farag, M.R.; Salah, A.S. & Mahmoud,
M.A. 2020. The role of oregano herb and its derivatives
as immunomodulators in fish. Reviews in Aquaculture
12(4): 2481-2492.

Awad, E. & Awaad, A. 2017. Role of medicinal plants on
growth performance and immune status in fish. Fish &
Shellfish Immunology 67: 40-54.

Binaii, M.; Ghiasi, M.; Farabi, S.M.V.; Pourgholam, R.;
Fazli, H.; Safari, R.; Alavi, S.E.; Taghavi, M.J. &
Bankehsaz, Z. 2014. Biochemical and hemato-
immunological indices in juvenile beluga (Huso huso)
following the diet supplemented with nettle (Urtica
dioica). Fish & Shellfish Immunology 36(1): 46-51.

Bilen, S.; Filogh, A.M.; Ali, A.B.; Kenanoglu, O.N. &
Zoral, M.A. 2020. Effect of common mallow (Malva
sylvestris)  dietary supplementation on growth
performance, digestive enzyme activities,
haemotological and immune responses of common carp
(Cyprinus carpio). Aquaculture International 28(1): 73-
84.

Bilen, S.; Altief, T.A.S.; Ozdemir, K.Y.; Salem, M.O.A ;
Terzi, E. & Giiney, K. 2020. Effect of lemon balm
(Melissa officinalis) extract on growth performance,
digestive and antioxidant enzyme activities, and
immune responses in rainbow trout (Oncorhynchus



Wabhidi et al./ Dietary Effects of major plantain (Plantago majorL.) extraction on hematological 181

mykiss). Fish Physiology and Biochemistry 46(1): 471-
481.

Blaxhall, P.C. & Daisley, K.W. 1973. Routine
haematological methods for use with fish blood. Journal
of fish biology, 5(6), pp.771-781.

Behbahani, B.A.; Yazdi, F.T.; Shahidi, F.; Hesarinejad,
M.A.; Mortazavi, S.A. & Mohebbi, M. 2017. Plantago
major seed mucilage: Optimization of extraction and
some physicochemical and rheological aspects.
Carbohydrate Polymers 155(): 68-77.

Bao, L.; Chen, Y.; Li, H.; Zhang, J.; Wu, P.; Ye, K.; Ai, H.
& Chu, W. 2019. Dietary Ginkgo biloba leaf extract
alters immune-related gene expression and disease
resistance to Aeromonas hydrophila in common carp
Cyprinus carpio. Fish & Shellfish Immunology 94:810-
818.

Das, R.; Raman, R.P.; Saha, H. & Singh, R. 2015. Effect of
Ocimum sanctum Linn. (Tulsi) extract on the immunity
and survival of Labeo rohita (Hamilton) infected with
Aeromonas hydrophila. Aquaculture Research 46(5):
1111-1121.

Drabkin, D.L.. & Austin, J.H. 1932. Spectrophotometric
studies: I. Spectrophotometric constants for common
hemoglobin derivatives in human, dog, and rabbit
blood. Journal of Biological Chemistry 98(2): 719-733.

Elbesthi, R.T.A.; Ozdemir, K.Y.; Tagtan, Y.; Bilen, S. &
Sonmez, A.Y. 2020. Effects of ribwort plantain
(Plantago lanceolata) extract on blood indices, immune
response, antioxidant enzyme activities, and growth
performance in rainbow trout (Oncorhynchus mykiss).
Fish Physiology and Biochemistry 46(4): 1295-1307.

Fazio, F. 2019. Fish hematology analysis as an important
tool of aquaculture: a review. Aquaculture 500: 237-
242.

FAO. 2006. Yearbooks of Fishery Statistics: Summary
Tables.

Feldman, M.S. 2000. Organizational routines as a source of
continuous change. Organization Science 11(6): 611-
629.

Fu, Y.S.; Lue, S.I.; Lin, S.Y.; Luo, C.L.; Chou, C.C. &
Weng, C.F. 2019. Plantago asiatica Seed Extracts
Alleviated Blood Pressure in Phase I-Spontaneous
Hypertension Rats. Molecules 24(9): 1734.

Giri, S.S.; Sukumaran, V. & Park, S.C. 2019. Effects of
bioactive substance from turmeric on growth, skin
mucosal immunity and antioxidant factors in common
carp, Cyprinus carpio. Fish & Shellfish Immunology
92: 612-620.

Heydarnejad, M.S. 2012. Survival and growth of common
carp (Cyprinus carpio L.) exposed to different water pH
levels. Turkish Journal of Veterinary & Animal
Sciences 36(3): 245-249.

Hoseinifar, S.H.; Zoheiri, F. & Caipang, C.M. 2016.
Dietary sodium propionate improved performance,
mucosal and humoral immune responses in Caspian
white fish (Rutilus frisii kutum) fry. Fish & Shellfish
Immunology 55: 23-528.

Hoseinifar, S.H.; Zou, H.K.; Van Doan, H.; Kolangi
Miandare, H. & Hoseini, S.M. 2018. Evaluation of
some intestinal cytokines genes expression and serum
innate immune indices in common carp (Cyprinus
carpio) fed dietary loquat (Eriobotrya japonica) leaf
extract. Aquaculture Research 49(1): 120-127.

Kesbig, O.S., 2019. Effects of juniper berry oil on growth
performance and blood indices in common carp
(Cyprinus carpio). Aquaculture Research 50(1): 342-
349.

Mohamed, I.K.; Osama, M.A.; Samiha, M. & Zahrat,
E.M.2011. Biochemical studies on Plantago major L.
and Cyamopsis tetragonoloba L. International Journal
of Biodiversity and Conservation 3: 83-91.

Kurt, B.; Bilge, N.; S6zmen, M.; Aydin, U.; Onyay, T. &
Ozaydmn, 1. 2018. Effects of Plantago lanceolata L.
extract on full-thickness excisional wound healing in a
mouse model. Biotechnic & Histochemistry 93(4): 249-
257.

Latif, M.; Faheem, M.; Hoseinifar, S.H. & Van Doan, H.
2020. Dietary black seed effects on growth
performance, proximate composition, antioxidant and
histo-biochemical indices of a culturable fish, rohu
(Labeo rohita). Animals 11(1): 48.

Lee, D.H.; Lim, S.R.; Ra, C.S. & Kim, J.D. 2012. Effects
of dietary garlic extracts on whole body amino acid and
fatty acid composition, muscle free amino acid profiles
and blood plasma changes in juvenile sterlet sturgeon,
Acipenser ruthenus. Asian-Australasian Journal of
Animal Sciences 25(10): 1419.

Masamha, B.; Gadzirayi, C.T. & Mukutirwa, 1. 2010.
Efficacy of Allium sativum (Garlic) in Controlling
Nematode Parasites in Sheep. International Journal of
Applied Research in Veterinary Medicine 8(3).

Mohammadi, G.; Rashidian, G.; Hoseinifar, S.H.;
Naserabad, S.S. & Van Doan, H. 2020. Ginger
(Zingiber  officinale)  extract affects  growth
performance, body composition, haematology, serum
and mucosal immune indices in common carp
(Cyprinus carpio). Fish & Shellfish Immunology 99:
267-273.

Mohammadi, M.; Soltani, M.; Siahpoosh, A.; Hosseini
Shekarabi, S.P.; Shamsaie Mehrgan, M. & Lymbery, A.
2018. Effect of date palm (Phoenix dactylifera) seed
extract as a dietary supplementation on growth
performance immunological haematological
biochemical indices of common carp. Aquaculture
Research 49(8): 2903-2912.



182 Iran. J. Ichthyol. (2024) 11(3): 174-183

Nhu, T.Q.; Hang, B.T.B.; Hue, B.T.B.; Quetin-Leclercq, J.;
Scippo, M.L.; Phuong, N.T. & Kestemont, P. 2019.
Plant extract-based diets differently modulate immune
responses and resistance to bacterial infection in striped
catfish (Pangasianodon hypophthalmus). Fish &
Shellfish Immunology 92: 913-924.

Osman, A.G.; Koutb, M. & Sayed, A.E.D.H. 2010. Use of
hematological indices to assess the efficiency of quince
(Cydonia oblonga Miller) leaf extract in alleviation of
the effect of ultraviolet—A radiation on African catfish
Clarias gariepinus (Burchell, 1822). Journal of
Photochemistry and Photobiology B: Biology 99(1): 1-
8.

Pauly, D. & Zeller, D. 2017. Comments on FAOs state of
world fisheries and aquaculture (SOFIA 2016). Marine
Policy 77: 176-181.

Rajabiesterabadi, H.; Yousefi, M. & Hoseini, S.M. 2020.
Enhanced haematological and immune responses in
common carp Cyprinus carpio fed with olive leaf
extract-supplemented diets and subjected to ambient
ammonia. Aquaculture Nutrition 26(3): 763-771.

Rashidian, G.; Bahrami Gorji, S.; Farsani, M.N.; Prokic,
M.D. & Faggio, C. 2020. The oak (Quercus brantii)
acorn as a growth promotor for rainbow trout
(Oncorhynchus mykiss): growth performance, body
composition, liver enzymes activity and blood
biochemical indices. Natural Product Research 34(17):
pp.2413-2423.

Reina, E.; Al-Shibani, N.; Allam, E.; Gregson, K.S;
Kowolik, M. & Windsor, L.J. 2013. The effects of
Plantago major on the activation of the neutrophil
respiratory  burst. Journal of Traditional and
Complementary Medicine 3(4): 268-272.

Roohi, Z.; Imanpoor, M.R.; Jafari, V. & Taghizadeh, V.
2017. The use of fenugreek seed meal in fish diets:
growth performance, haematological and biochemical
indices, survival and stress resistance of common carp
(Cyprinus carpio L.). Aquaculture Research 48(3):
1209-1215.

Rao, Y.V.; Romesh, M.; Singh, A. & Chakrabarti, R. 2004.
Potentiation of antibody production in Indian major
carp Labeo rohita, rohu, by Achyranthes aspera as a
herbal feed ingredient. Aquaculture 238(1-4): 67-73.

Safari, R.; Hoseinifar, S.H.; Nejadmoghadam, S. & Jafar,
A., 2016. Transciptomic study of mucosal immune,
antioxidant and growth related genes and non-specific
immune response of common carp (Cyprinus carpio)
fed dietary Ferula (Ferula assafoetida). Fish & Shellfish
Immunology 55: 242-248.

Tacon, A.G. 2020. Trends in global aquaculture and
aquafeed production: 2000-2017. Reviews in Fisheries
Science & Aquaculture 28(1): 43-56.

Alizadeh Doughikollaee, E.; Alizadeh Doghikollaee, E.;
Ebrahimi, E. & Zare, P. 2011. Effect of garlic essential
oil as an immunostimulant on hematological indices of
juvenil beluga (Huso huso). Journal of Veterinary
Research 66(3): 209-216.

Temiir, C. & Sema, U.S.L.U. 2019. Effects of Plantain
(Plantago lanceolata) Containing Diets of Quails on
Growth Performance, Carcass Characteristic, Some
Blood indices and Mast Cell Numbers. Yiiziincii Y1l
Universitesi Tarim Bilimleri Dergisi 29(1): 114-120.

Thompson, P.M.; Tollit, D.J.; Corpe, H.M.; Reid, R.J. &
Ross, H.M. 1997. Changes in haematological indices in
relation to prey switching in a wild population of
harbour seals. Functional Ecology 11(6): 743-750.

Vilizzi, L. & Walker, K. 1998. Age and growth of carp,
Cyprinus carpio L. (Cyprinidae), in the River Murray,
Australia: validation, consistency of age interpretation
and growth models. Environmental Biology of Fishes.

Yeganeh, S.; Teimouri, M. & Amirkolaie, A.K. 2015.
Dietary effects of Spirulina platensis on hematological
and serum biochemical indices of rainbow trout
(Oncorhynchus mykiss). Research in Veterinary
Science 101: 84-88.

Yousefi, M.; Hoseini, S.M.; Vatnikov, Y.A.; Kulikov, E.V.
& Drukovsky, S.G. 2019. Rosemary leaf powder
improved growth performance, immune and antioxidant
indices, and crowding stress responses in common carp
(Cyprinus carpio) fingerlings. Aquaculture 505: 473-
480.

Yousefi, M.; Ghafarifarsani, H.; Hoseinifar, S.H.;
Rashidian, G. & Van Doan, H. 2021. Effects of dietary
marjoram, Origanum majorana extract on growth
performance, hematological, antioxidant, humoral and
mucosal immune responses, and resistance of common
carp, Cyprinus carpio against Aeromonas hydrophila.
Fish & Shellfish Immunology 108: 127-133.

Zembheri-Navruz, F.; Acar, U. & Yilmaz, S. 2019. Dietary
supplementation of olive leaf extract increases
haematological, serum biochemical indices and
immune related genes expression level in common carp
(Cyprinus carpio) juveniles. Fish & Shellfish
Immunology 89: 672-676.

Zakariaee, H.; Sudagar, M.; Hosseini, S.S.; Paknejad, H. &
Baruah, K. 2021, In vitro Selection of Synbiotics and in
vivo Investigation of Growth Indices, Reproduction
Performance, Survival, and Ovarian Cypl9a Gene
Expression in Zebrafish Danio rerio, Frontiers in
Microbiology 12: 758758.



Iran. J. Ichthyol. (2024) 11(3):174-183 © 2024 Iranian Society of Ichthyology
P-ISSN: 2383-1561; E-ISSN: 2383-0964 doi: 10.22034/iji.v11i3.1028
http://www.ijichthyol.org

Jols” &llio
($59$ s s ol,b p (Plantago major) s oo b o jlas cilizes zolaw il

(Cyprinus carpio) Jgoxe y9u5 (ploazs 33 59lsigesl 9 (comibgm

il e T pher e T 5100 dozmo Tol5SYy walo ) jguaio gyl darto g il g % sy el Jine
coladlad] oS GasS olKails (5 5sliS eaSils « als psle 09,3
) e ldE (5T b qlis 5 (55,5LaS psle olSEIS ey jlamme 5 DL 00 (L 05,5

oduS

o las ilite oo ):’l’ on oo b yole Giegd 1058 oo 18 sl 550 laigsleny ey (gl (S o j0 a5 00gr a5l LS Gl (S S Sia )l
OSle b (Jgene 5.5 plle (oaloaz axkad V¥ - slaws ¢ plaiacnay b plnil (Jyane ;505 (aloaz )3 (ol 5 (oo «Sidilen slayiall p S Sl
OS5 s b S (S Kl oylae (y90) b 05,5 S5 5 186 p, Tk 10 1S Kim b ojlas o ys Vg /0« /) sl Ja3 ¥ o w S VNSRRI s
2l (o0 Bl 5l S Lawgi (93 sladigas (ialejl (L 5o bl Jobo a0 55, FO ety s 059 03 ¥ Bl @1 59 2 plosleazn i dns 5 aje
OmelSgen CllE Lawgie 508 JoulS GmglSsen Langte 08 JolS o Lawgio (omslSsen iy Sgilen 08 JoulS) (S93 slaygiSl I (B g wb i8S
P9 Gblind (ST 5 5l gaal Sl i Soinal (VD) (505 (Sslie lom 5l (Juds g comgine ciummgiid i J3ul 08 J5lS
o ol gl Jolo s bS8 b)) 855e (Geesell s pre IS e cOdislS oIS GelieslS sisesl SO ey GBSl (oot slo il
cdale (P>-1-0) cdlai aalis 05,5 5 bo)lass (e 550 shne Dl Jds g 5 Comginn cummisid] o) JolS lansgio pz oLy S Sled (55 308 sla s lS
(P<e1+0) sls i als 09,5 5 lajloss o b amlin 0 701V Jlos 50 slocime Galidl rmglSgan bwste Cile a8 JpulS mslSsen (omslSpen
ST limn sy il (P 148) 3l Lis sl 09, 9 bajlos b b asliin ;3 1, 5l 33 21 Jlas 53 (93 b Lo JoelS Slass cmiman
(P>11:0) coals a5z wals 05,5 5 bajlad (s slel glis a8 ol (Lid JS GdeslS giosl 5 masell S s eilied fgial Dbl 5 (VT blend
522 05,5 58 5l 5V (5)lo gime j5boas Ll P>+ 8) il [SouSG L (gl chne Sglis ;05 Sl ojlae duopo V5 o)) Lo 4 sloyles o 35518 b
ol slogly 5 Gy> slostelly Sl p weys /) e 53 S Sial ojlae i e b 4 ar g L g el oty @l 4 425 L P<10) 0y
23,8 oleidiny (o859 Oledle 3o (ool s Co gl (gl 1) S Soa )l oS o jlas Sl eolitul Glg oo ( Jgene j5S Blo 4o

oore )5S (ol (ordom (STllen e Sl i gulS OlalS

183



