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ABSTRACT 
 
This study examined in vitro, the antibacterial activity of Malva parviflora leaves ethanolic 
extract against Pseudomonas fluorescens and its minimum inhibitory and minimum 

bactericidal-concentrations (MIC, MBC), identified its biological compounds responsible f or 
its efficacy by Gas Chromatography-Mass Spectrometer (GC-MS) device besides evaluated 
its effect in vivo on Nile tilapia fish as a medicinal plant to combat P. fluorescens challenge. 
Two hundred twenty-five fishes were divided into five groups; G1: negative control. G2: 

positive control; infected at the 60 days (1x103CFU/0.2ml I/M). G3, G4 and G5 were fed 
with (0.25, 0.5 and 1 g/kg) respectively (60 days), then infected. On the thirty, sixty days and 
post challenge, blood samples were collected. Sensitivity test revealed the susceptibility of  P. 
fluorescens to the extract; MIC and MBC were 3.90 and 31.25 mg/ml respectively. Body 

weight, phagocyte nitric oxide and lysozyme activity increased significantly in all treated 
groups than controls especially G4 while both G3 and G4 increased the survival rate to  80% 
compared to G2 (40%). Total leucocytic, lymphocyte (L) and monocyte (M) counts increased 
significantly in all treated groups than G1 throughout the study. Aspartate (AST) and alanine 

aminotransferases (ALT), alkaline phosphatase (ALP), urea and creatinine showed no 
significant difference between G3 and G1, while G4 and G5 increased in  a dose -dependent 
manner. Total protein (TP), albumin and globulin revealed no significant difference among 
groups. Malondialdehyde (MDA) showed the best decrease in G3 than G1. Post challenge all 

treated groups elicited a significant decrease than G2. Superoxide dismutase (SOD) and 
reduced glutathione (GSH) were significantly higher in all treated groups than the controls in  
varying degrees. Finally, the used extract enhanced the fish performance, immune system and 
antioxidant biomarkers without any side effects on liver and kidney funct ions at 0 .25 g/kg, 

while 0.5 g/kg gave the highest weight gain. 
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INTRODUCTION 

 
Bacterial diseases considered as one of 

the most prominent obstacles in fish culture 

lead to huge economic losses if not 
controlled and prevented in advance. 
Pseudomonas is a stress related infection 
that considers the most common 

opportunistic bacterial infection in 
aquaculture especially among fresh water 
fish. While Pseudomonas fluorescence is a 
natural microbiota of fish gut and the aquatic 

environment, it considers one of the most 
recurrently identified epizootic risk aspects 
affecting fish worldwide. The pathogenic 
strains of  P. fluorescens characterized by 

hemolytic and proteolytic possessions, and 
they speedily gain resistance against 
commonly used antibiotics (Terech-
Majewska, 2016). This pathogen leads to a 

grave warning for water pollution sensitive 
fish (Golas et al., 2019). The rapid 
identification and diagnosis of fish microbes  
in aquaculture is needed for successful 

disease manage and treatment (Raman, 
2017). 
 
Although the application of antimicrobial 
compounds can be useful and effective in 

treatment of pathogens in fish farms, the 
residues of these compounds in fish 
musculature is harmful to consumers (Diler 
et al., 2017). Furthermore, the frequent using 

and tolerance to the existing drugs in fish 
culture initiates antibiotic resistant strains of  
bacteria and decreases their efficacy (Capita 
and Alonso-Calleja, 2013). So, the 

alternatives to antibiotics which enhance a 
similar protection to aquatic animals are 
urgently needed. One of these promising 
alternative strategies is medicinal plant that 

combat microbial diseases and become the 
focus of several studies (Terzi and Isler, 
2019).  
 
Herbal plants have been identified for 

traditional use in caring for several human 
diseases since a long time ago and now they 
considered in aquaculture to give safe 
composites which can be used as suitable 

substitutes to synthetic antimicrobial 
compounds. Various extracts of the leaves, 
flowers, seeds, and roots of these plants have 

been applied in Tilapia aqua farm and 
administered to fish through immersion or 
orally in fish ration. Its biological activities 
include promotion of performance and feed 

nutrients utilization, stimulation both of the 
cellular and humoral immunity and gene 
expression consequently, increase fish 
confrontation against diseases (Kuebutornye 

and Abarike, 2020). Application of plant 
origin treatment as a chemotherapeutic agent 
in fish field is a relatively new direction of 
research. These plants can be used as f resh, 

dried powder, essential oils, or extracted (by 
different solvents like water, alcohol, 
acetone, etc). Medicinal plants have various 
actions like growth promotion, antimicrobial 

and antioxidant activities plus their anti-
stress potentialities (Reverter et al., 2014). 
Numerous active constituents such as 
alkaloid, pure volatile oils, terpenoids, 

essential oils, lipopolysaccharides, saponins, 
phenolics, polypeptides, flavonoids and 
several other compounds of plant origin are 
chemotherapeutic agents, that have 

antibacterial activity, so can be considered as 
an alternative to antibiotics (Saxena et al., 
2013).  
 
Malva parviflora or little mallow is one of 

the medicinal plants with a pharmacological 
potential in combating different ailments in 
aquaculture. It is found in North Africa and 
widely found in Europe. It has several 

common names like Egyptian mallow under 
local name of Khabazi. It is an annual or 
perennial herb, flowers and leaves are the 
most commonly used parts of the plant, 

since leaves consider the richest part in 
phenols and flavonoids. It has a promising 
pharmacological effect as analgesic, 
antibacterial, antifungal, anti-irritant, skin 

treatment (antiseptic, emollient, demulcent), 
antiulcerogenic, anti-inflammatory and 
antipyretic activity (Singh and Navneet, 
2017). Its active ingredients include 

mucilage, tannins, anthocyanines, ascorbic 
acid, naphtaqiunone, malvyn, terpenoids, 
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malvidin and volatile oils (Gasparetto et al. ,  
2011). M. parviflora leaves are well off 
nutraceuticals such as antioxidants; (phenol 

derivatives, tocopherols, carotenoids, along 
with flavonoids), minerals, and unsaturated 
fatty acids as α linolenic acid (Barros et al. ,  
2010; Beghdad et al., 2015). Various 

pharmacological studies of  M. parviflora 
extracts and their efficacy were reported by 
European Medicines Agency, (2019). 
 

This study aimed to explore in vitro; the 
antibacterial activity of the ethanolic extract 
of M. parviflora leaves against P. 
fluorescens and its MIC and MBC values, 

besides detection of its active compounds 
using the GC-MS analysis device to provide 
insight into its potential constituents. A pilot 
study was performed using 3 concentrations 

of  M. parviflora  extract (250, 500 and 1000 
mg/kg ration) to evaluate its protective 
efficacy and its effects in vivo on growth 
performance, survival rate, immunological 

responses, hematological, biochemical 
profiles and antioxidant status of Nile tilapia 
fish as a medicinal plant support the disease 
resistance against  P. fluorescens  challenge. 
 

MATERIALS AND METHODS 
 

1. Plant materials and extract preparation 
 M. parviflora extract was prepared and 

obtained from the National Research Center, 
Egypt according to Klūga et al. (2017). 
Fresh leaves of M. parviflora plant as 
described by Akbar et al. (2014) were 

initially dried in the shade, ground to fine 
particles and an amount of 10 g flooded in 
100 ml of absolute ethanol (Sigma) for 48 hr 
with frequent agitation. Then, the ethanolic 

extract was filtered through the What man 
filter paper and the resulted filtrate was 
concentrated using a rotary evaporator under 
reduced pressure at 40°C. The dried extract 

was weighed for usage in antibacterial assay 
and the experiment. 
 

2. Detection of active compounds of M. 

parviflora leaves ethanolic extract using 

Gas Chromatography-Mass Spectrometer 

(GC-MS) 

Analysis was performed in the laboratory of 
the Scientific Research Center and 
Measurements (SRCM), Tanta University. 

Sample was extracted using GC Program 
Acquisition Parameters; instrument (Perkin 
Elmer model; clarus 560S). Oven; Initial 
temperature 50°C/4min, ramp1; 10°C/min to 

150°C, hold 5 min, ramp2; 10°C/min to 
280°C, hold 1 min,  Volume=1 μL, 
Inj=280°C, Split=20:1, Delay of solvent =3 
min, Carrier gas=Helium, Transfer 

Temperature=280°C, Source temperature 
=200°C, Scan; 50 to 620Da, Column; Elite 
5MS; 30m 0.25mmID with 0.25um df and 
Sampling rate: 12.50000 pts/s. Preliminary 

recognition of the various constituents was 
performed by matching up their mass spectra 
to the literature (MAINLIB, Pfleger and 
Replib). Compounds % was computed f rom 

GC peak areas (Al-Qarawi and Al-Obaidi, 
2018). 
 
3. In vitro antibacterial activity tests 
 
3.1. Antibacterial sensitivity test (AST)  

The antibacterial activity of the used extract 
on P. fluorescens was assessed using disc 

diffusion method (Jorgensen et al., 1999). 
Sterilized filter paper discs (6 mm) were 
individually saturated with 20μl of stock 
solutions of 4 extract concentrations (125, 

250, 500 and 1000 mg/ml) and placed onto 
P. fluorescens inoculated agar then 
incubated at 35°C/18h. To compare the 
antibacterial effect of the used extract, 

commercial disks of Gentamicin (CN; 10 
μg) and Ciprofloxacin (CIP; 5 μg) were 
used. The resulted inhibition zone diameters  
(IZD) were exacted in millimeters (mm). 

The test was applied in triplicate and mean 
values calculated. 
 
3.2. Minimum inhibitory concentration 

(MIC) 

The MIC assay was definited by using micro 
broth dilution test in a 96 well microplate 
using standard procedure of CLSI, (2015). A 
solution of 125 mg/ml concentration was 

two folds serially diluted till 0.25 mg/ml. 
Both negative and positive control wells 
were performed. Dimethylsulfoxide (DMSO, 
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Sigma) was used to indicate the presence of 
uninhibited bacterial growth in each well. 
Referring to the results of the MIC assay a 

loopful, from each clear well was streaked 
on the specific media for P. fluorescens 
incubated at 35oC/20hr, then observed for 
growth. MIC was the lowest concentration 

that showed no turbidity and minimum 
bactericidal concentration (MBC) was the 
lowest concentration did not show any 
growth. The experiment was performed in 

duplicate. 

 
4. In vivo assessment of the extract 
4.1. Fish and Experimental design:  

Apparently healthy 225 Oreochromis 
niloticus fish have normal behavioral 
reflexes and free from any visible skin 
lesions (100.40 ± 1.55 g/fish) were attained  

from a private fish farm in Kafr El-Sheikh 
Governorate, transferred to AHRI, Tanta 
Lab, and kept for acclimatization for 2 
weeks earlier to the experiment. Fish were 

placed in glass aquaria (70×40×30cm) at 
(26±1°C) and chlorine gas free tap water 
(Innes, 1966) with continuous aeration by air 
compressor. Fish were fed twice daily (09:00 

and 16:00) with 3% of their b. wt. (Eurell et 
al., 1978). Fish excreta were siphoned daily  
manually and replaced 30% of water. Fish 
were separated into triplicate 5 groups (15 

fish/aquarium) and reared for 75 days. A 
pilot study was used to assess the effect of 3  
doses of  M. parviflora extract as follow: G1: 
negative control; fish were fed a basal 

commercial pellet, for 60 days then fish 
injected intramuscularly (I/M) with 0.1 ml of 
0.9% sterile saline at the 60 days. G2: 
positive control; fish were fed basal ration 

for 60 days then fish injected I/M with 
(1x103CFU/0.2ml) P. fluorescens at the 60 
day. G3, G4 and G5: fish were fed a 
prepared ration supplemented with 0.25, 0.5, 

1 g/kg of M. parviflora extract respectively 
for 60 days then fish infected at the 60 days. 
 
The experimentally infected fish were 

inspected daily post infection (PI), the 
clinical signs, moralities and necropsy 
finding were record for 15 days after 

infection. Re-isolation of  P. fluorescens 
pathogen from kidney and liver of moribund 
experimentally infected fish was done to 

confirm that mortalities occurred due to  the 
infection. 
 
4.2. Pseudomonas fluorescens and 

challenge test: 

P. fluorescence was obtained from Poultry 
and Fish Diseases Department, Fac. Vet. 
Med. Alex. Univ. Egypt. After 60 days of 

feeding, infected groups were injected I/M 
with (1x103CFU/0.2ml) P. fluorescence 
(Khalil et al., 2010). Mortalities and survival 
fish were observed for15 days after infection 

and results were recorded. 
 
4.3. Growth parameters and survival rate 

calculations 

Weight of fish at 0, 30 and 60 day was 
recorded. Parameters were calculated as 
follow; specific growth rate (SGR) = 100 × 
[(Ln final fish wt) − (Ln initial fish 

wt.)]/days fed. Weight gain (%) = (final fish 
wt initial fish wt)/initial fish wt × 100. Feed 
conversion ratio (FCR) = feed intake (g)/wt 
gain (g). Fish survival % = 100 × final 

number/initial number. 

 
4.4. Blood samples: 

Three types of samples were taken 3 times 
from the caudal vein (5 fish/group) on 30th, 

60th days and post-challenge (PC) at the end 
of the experiment. According to Stoskopf, 
(1993) 1st sample was taken on EDTA tube 
for hematological investigation. The total 

leucocytic count (T.L.C) was determined 
manually using the hemocytometer (Blaxhall 
and Daisley, 1973). The differential 
leukocyte count (D.L.C) was performed 

using Wright Giemsa-stained blood film. 
Percent of each type of cells was recorded 
(Blaxhall, 1972). The 2nd sample was taken 
in clean dry centrifuge tube without 
anticoagulant for serum separation for 

biochemical investigations: aspartate and 
alanine aminotransferases (AST and ALT) 
activities (Reitman and Frankel, 1957), 
Alkaline phosphatase (ALP) (Tietz, 1995), 

total protein (TP) (Doumas et al., 1981), 
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albumin (Reinhold, 1953). Globulin was 
detected by subtraction albumin value f rom 
TP and albumin/globulin ratio was detected 

by dividing both values. Malondialdehyde 
(MDA) (Yagi, 1984), reduced glutathione 
(GSH) (Beutler et al., 1963), superoxide 
dismutase (SOD) (Nishikimi et al., 1972), 

urea (Batton and Crouch, 1977) and 
creatinine (Houot, 1985) were also 
estimated. All testes were determined using 
commercial kits (Spectrum, ELITech, 

BioSystems and Biomed Companies, Egypt) 
in accordance with the manufacturer's 
instructions. The 3rd sample was taken in 
heparinized syringe for nitric oxide (NO) 

assay. 

 
4.5. Determination of immunological 

parameters 
 
1) Measurement of phagocytic activity of 
macrophage supernatant expressed as NO 

assay in heparinized blood using ELISA 
reader (Rajarman et al., 1998; Municio et 
al., 2013).  

 
2) Estimation of lysozyme activity by 

agarose gel lysis assay in serum sample 
(Schltz, 1987). 

 
5. Water samples 

They were taken every two weeks to 

determine the water quality parameters as 
the standard guidelines of APHA, (1998). 
The parameters are dissolved oxygen by 
using digital meter (HI 9142, HANNA, 

China), water temperature by using digital 
thermometer, PH measured by PH indicator 
strips (MColorpHast-Germany), salinity 
meter used for salinity measurement (YSI 

Eco Sense EC300 Salinity/Conductivity 151, 
China), kits for measuring the degree of total 
ammonia, unionized ammonia (NH3), nitrate 
(No3) and nitrite (No2) in the water (USA, 

Virginia Company, lot. No.201134). 

 
6. Statistical analysis 

Statistical tests were applied to determine 
the best treatment using one-way ANOVA 

Test and regard as significant when 
(P<0.05). Data analysis was carried outby 
SPSS 20 software as mean ± SE and (n=5) 

(Petrie and Watson, 1999). 

 
RESULTS 

 
1. Detection of active compounds of M. 

parviflora leaves extract by GC-MS 

The chemical constituents’ chromatogram of 
the extract peaks was detected using gas 
chromatography joined to mass spectrometry 
(GC-MS) (Fig. 1). In Table 1, the principal 

and slight components of the extract 
identified by GC-MS according to area % of  
peaks at specific retention time (RT). The 
major compounds (Peak 16: 45.027%) were 

Hexadecanoic acid, 1-(hydroxymethyl)-1,2-
ethanediyl ester and Ascorbic acid 2,6-
dihexadecanoate. The second most abundant 
compound was Oleic Acid (Peak 15: 

26.338%) in addition to Octadecanoic acid, 
octadecyl ester / Tetradecenoic acid / E-8-
Methyl9-tetradecen-1-ol acetate and Z-8-
Methyl-9-tetradecenoic acid. The third major 

peak (Peak 14: 10.487 %) represents 
Triarachine and Hexadecanoic acid, 2-
(octadecyloxy) ethyl ester. Another vital 
fatty acids, esters and other compounds 

constituted an important portion of the 
extract were also detected as Thiocyanic 
acid, ethyl ester, Vaccenic acid, Erucic acid, 
Tetradecanoic acid, Octadecanoic acid, 

Myristic acid, Linoleic acid, Eicosanoic 
acid, Palmitic acid, and Phytol. 
 
2. In vitro antibacterial activity screening 

tests 

2.1. Antibacterial sensitivity test (AST) 

 

All of extract concentrations (125, 250, 500, 
1000 mg/ml) showed antibacterial effect on  

P. fluorescens giving increased IZD; 11 ± 
0.33, 12 ± 0.67, 14 ± 0.33 and 16 ± 0.40 mm 
respectively. MIC and MBC values were 
3.90 and 62.50 mg/ml respectively. IZDs of  

Gentamicin and Ciprofloxacin were (17 ± 
0.20 and 22 ± 0.40 mm), respectively. 
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3. In vivo assessment of the extract 

3.1. Clinical signs 

Groups 1 did not show any abnormal signs 

or mortalities during the experiment. 
Experimentally infected fish with P. 
fluorescens (Fig. 2 a, g) showed a typical 
external and internal sign similar to those 

caused by natural infection in the first week 
of the infection such as anorexia, dullness, 
loss of reflexes, slight abdominal distention. 
(Fig. 2 a, b) showing hemorrhagic patches 

on skin, fins, around mouth and at the base 
of lower jaw and head (Fig. 2 c) showing tail 
and fin rot, (Fig. 2 d) showing darkness in 
color and detachment of scales with points 

of hemorrhage, (Fig. 2 e) showing skin 
erosions and ulcerations. Moreover, P.M. 
lesions were slight ascites, oedema, (Fig. 2 f) 
showing liver paleness and enlargement with 

hemorrhagic spots and (Fig. 2 g) showing 
enlargement and congestion of kidney, 
spleen and gills. To confirm the causative 
agent of the infection, P. fluorescens 

were re-isolated from skin ulceration and 
lesions, liver and kidney of infected and 
dead fish. 
 

3.2. Growth performance and survival 

rate 

In Table 2, all treated groups resulted in 
improved growth performance and survival 

rates besides decreased FCR when compared 
with the control. G3 and G4 exhibited 
significantly higher final body weight, 
weight gain, SGR and survival rate 

especially G4. 
 
3.3. Lysozyme activity and phagocyte NO 

level 

According to Table 3, after 30, 60 days and 
post challenge no significant difference in 
lysozyme activity was recorded between G3 
and G5 while the highest increase was 
recorded in G4. Both G4 and G5 increased 

significantly than controls throughout the 
experiment, while G3 increased than 
controls only post challenge. Regarding to 
NO level, after 30 days no significant 

difference was recorded between G3 and G5, 
values arranged in this ascending order G4, 
G5 then G3. After 60 days, values arranged 

in this ascending order G5, G4 then G3. Post 
challenge positive control increased 
significantly in NO and lysozyme levels than 

negative control. No significant difference 
was recorded between G3and G4, values 
arranged in this ascending order G5, G3 then 
G4. All treated groups showed a significant 

increased than both controls before and after 
challenge. 
 
3.4. T.L.C and D.L.C 

In Table 4, after 30, 60 days and post 
challenge, a significant increase in TLC, 
lymphocyte and monocyte counts recorded 
in all treated groups compared to negative 

control, while positive control showed a 
significant increase in these items post 
challenge only. 
 

3.5. Serum biochemical parameters 

Regarding to the activities of liver enzymes 
AST, ALT and ALP in Table 5, results af ter 
30 and 60 days revealed no significant 

difference between G3 and G1 while, G4 
and G5 showed a significant increased, 
values arranged in this ascending order G3, 
G4 then G5. Post challenge G2, G4 and G5 

increased significantly in the activities of 
these enzymes than G1, values arranged in 
this ascending order G3, G4, G5 then G2. 
Results of TP, albumin, globulin and A/G 

ratio after 30 and 60 days revealed no 
significant difference among G3, G4 and G1 
in most of these parameters while G5 
showed a significant decreased. Post 

challenge G2 and G5 showed a significant 
decreased in TP, albumin, globulin than G1. 
 
3.6. Antioxidant biomarkers and kidney 

function tests 
Results of MDA levels in Table 6 after 30 
and 60 days decreased significantly in G3 
and increased in G4 and G5 than G1, while  
G4 and G5 did not show any significant 

difference between each other. Post 
challenge positive control showed a 
significant increase than negative control. 
All treated groups elicited a significant 

decrease than G2 and arranged in this 
descending order G5, G4 then G3. 
Regarding to SOD, after 30 days all treated 
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groups showed a significant increased than 
G1, values arranged in this ascending order 
G3, G5 then G4. After 60 days, no 

significant difference was recorded between 
G5 and G1, while G3 and G4 were 
significantly lower than G1. Regarding to 
GSH a significant difference was recorded 

among treated groups. After 30 days, G3 
showed a significant increased than G1; 
values arranged in this ascending order G4, 
G5 then G3. After 60 days, values arranged 

in this ascending order G4, G3 then G5, 
while all of them were significantly lower 
than G1. Post challenge results of SOD and 
GSH levels showed a significant decreased 

in G2 than G1; also, G3 and G5 did not 
show any significant difference between 
each other. All treated groups were 
significantly higher than both controls. 
 
Regarding to urea after 30 and 60 days, G4 
showed no significant difference while G5 

showed a significant increase compared to 
G1. Regarding to creatinine after 30 days, 
G3 and G4 showed a significant decreased 

than G1, while G5 showed no significant 
difference. After 60 days, both G4 and G5 
showed a significant increased than G1 and 
values arranged in this ascending order G3, 

G4 then G5. Post challenge, G2 showed a 
significant increased than G1. All treated 
groups elicited a significant decrease than 
G2 and arranged in this descending order 

G5, G4 then G3. 
 
4. Water quality parameters 

Water parameters were: temperature 26 

±1°C, pH from (7.5 – 8), dissolved oxygen 
7± 0.8 mg/L and salinity ‰ 11 to 12, total 
ammonia from (0.165 - 0.239) mg/L, 
unionized ammonia (NH3) from (0 - 0.05) 

mg/L., Nitrite (No2-N) from (0.07 - 0.20) 
mg/L and nitrate (No3-N) from (2 - 3.35) 
mg/L. 

 

 
 

Fig. 1: Chromatogram of ethanolic extract of M. parviflora leaves elucidate GC-MS analysis 
showing various peaks with varying areas (represent many compounds in  dif ferent 
amounts) obtained at different retention times. 
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a b 

  
c d 

  
e f 

 
g 

Fig. (2) Lesions of the experimentally infected Oreochromis niloticus fish with P. 

fluorescens a, b : showing hemorrhagic patches on skin, fins, around mouth and the base of lower 

jaw and head, c: showing tail, fin rot and erosion, d: showing darkness in color, tail and fin rot and 
erosions, detachment of scales with hemorrhagic spots and ulceration, e: showing skin erosions and 

ulcerations on head and trunk and hemorrhage around mouth, f: showing liver paleness and 

enlargement with hemorrhagic spots and g: showing tail and fin erosions, congestion of gills, 

internally enlargement and paleness of liver, congested kidney and spleen. 
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Table 1: The composition of M. parviflora leaves extract illuminates by GC-MS analysis. 
 
 

Peak 
Retention 
time (RT) 

Compounds Area % 

1 3.198 Propane, 2,2- diethoxy- Diisopropyl ether / Thiocyanic acid, ethyl ester / Silane, triethyl- 1.854 

2 3.524 Oxirane, (butoxymethyl)- 0.074 

3 3.744 Pentane, 1-ethoxy-/ 2-Hexanol, 2,3-dimethyl- 0.088 

4 4.419 Octane, 1-ethoxy-/ Oxirane, [[(2-ethylhexyl)oxy]methyl]- 0.061 

5 4.619 Cyclohexane, 1,2-dimethyl-, cis-/ Cycloheptane, methyl- 0.095 

6 4.709 Cyclohexane, ethyl- 0.167 

7 5.004 2-Pentanone, 4-hydroxy-4-methyl- / 2-Hexanol, 2-methyl- 1.289 

8 6.625 3-Trifluoroacetoxydodecane / 2-Undecanethiol, 2-methyl- 0.053 

9 6.740 Oleic Acid 0.085 

10 6.960 Z-8-Methyl-9-tetradecenoic acid 0.119 

11 7.015 1-Hexadecanol, 2-methyl-/ Oxirane, [(hexadecyloxy)methyl]- 0.075 

12 7.500 trans-13-Octadecenoic acid / cis-Vaccenic acid 0.499 

13 8.416 Hexadecane, 1,1-bis(dodecyloxy)- 1.663 

14 10.056 Oleic Acid / Triarachine / Hexadecanoic acid, 2-(octadecyloxy)ethyl ester 10.487 

15 13.658 
Oleic Acid / Octadecanoic acid, octadecyl ester / tetradecenoic acid / 

E-8-Methyl-9-tetradecen-1-ol acetate / Z-8-Methyl-9-tetradecenoic acid 
26.338 

16 14.168 
Hexadecanoic acid, 1-(hydroxymethyl)-1,2-ethanediyl ester 
Ascorbic acid 2,6-dihexadecanoate 

45.027 

17 19.575 Cyclopentadecanone, 2-hydroxy-/ 7-Hexadecenal, (Z)- 0.639 

18 19.755 E-2-Tetradecen-1-ol / 10-Methyl-E-11-tridecen-1-ol propionate 0.703 

19 20.095 Dodecanoic acid, 3-hydroxy- 0.143 

20 20.215 9-Hexadecenoic acid / 12-Hydroxydodecanoic acid 0.130 

21 21.681 Oxirane, [(dodecyloxy)methyl]- 0.107 

22 22.006 Tetradecanal / Oxirane, tetradecyl- / Dodecana/ Pentadecanal- 0.264 

23 23.172 Tetradecanoic acid / Myristic acid / Octadecanoic acid 0.094 

24 23.397 Dodecanoic acid, 3-hydroxy- 0.049 

25 23.472 trans-13-Octadecenoic acid 0.052 

26 23.747 Undecanoic acid / Dodecanoic acid / Undecanal / Dodecanal 0.111 

27 24.042 3,7,11,15-Tetramethyl-2-hexadecen-1-ol / 9-Eicosyne/ Oxirane, hexadecyl- 1.031 

28 24.147 2-Pentadecanone, 6,10,14-trimethyl- / 12-Octadecenal 0.070 

29 24.387 Octadecanal / Oxirane, dodecyl- 0.077 

30 24.637 Oxirane, tetradecyl- 0.137 

31 24.837 Linoleic acid 0.047 

32 24.917 Cyclopentadecanone, 4-methyl- / 2-Hexadecanol / 1-Hexadecanol, 2-methyl- 0.072 

33 25.152 E-2-Tetradecen-1-ol 0.088 

34 25.878 n-Hexadecanoic acid / Palmitic acid 1.167 

35 26.053 Hexadecanoic acid, ethyl ester/ Octadecanoic acid, ethyl ester/ Tridecanoic acid 0.200 

36 27.353 Phytol 0.764 

37 27.778 9,12,15-Octadecatrienoic acid, (Z,Z,Z)- / 8,11,14-Eicosatrienoic acid, (ZZZ)- 0.817 

38 27.883 9,12,15-Octadecatrienoic acid, ethyl ester, (Z,Z,Z)- 0.642 

39 27.993 Octadecanoic acid 0.427 

40 28.144 Cyclopropanetetradecanoic acid, 2-octyl-, methyl ester / Eicosanoic acid 0.239 

41 28.334 17-Octadecynoic acid / Ethanol, 2-(9-octadecenyloxy)-, (Z)- 0.096 

42 28.704 Z-(13,14-Epoxy)tetradec-11-en-1-ol acetate 0.046 

43 29.119 Erucic acid / 7-Hexadecenal, (Z)- 0.063 

44 29.399 cis-10-Nonadecenoic acid / cis-11-Eicosenoic acid 0.054 

45 29.539 cis-13-Octadecenoic acid 0.046 

46 30.810 Oleic Acid 0.054 

47 31.045 Hexadecanoic acid, 2-hydroxy-1-(hydroxymethyl)ethyl ester, 2,3-dihydroxypropyl ester 0.247 

48 31.110 10-Undecenoic acid, octyl ester / Octadecanal, 2-bromo- 0.168 

49 32.400 1-Eicosanol / Hexacosanol, acetate / 1-Docosene / 1-Octacosanol 0.637 

50 32.690 cis-10-Heptadecenoic acid / n-Tetracosanol-1 0.246 
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Table 2: Effect of ethanolic extract of M. parviflora (MP) leaves on growth performance and 
survival rate (Mean ± SE) n=20. 

 

Items G1 G2 G3 G4 G5 

Initial weight (g) 100.40 ± 1.55 a  100.60 ± 1.60 a  100.40 ± 1.50 a  100.80 ± 1.23 a 100.40 ± 1.70 a  

After 30 days (g) 122.70 ± 1.62 a  120.40 ± 1.34 a  139.30 ± 1.15 a  143.40 ± 1.74 a 128.80 ± 1.32 a  

Final weight after 60 days 156.67 ± 0.88 a  155.93 ± 1.46 a  182.53 ± 1.81 c 196.10 ± 1.42 d 161.90 ± 1.59 b 

Weight gain (g) 56.27 ± 0.88 a  55.33 ± 1.46 a  82.13 ± 1.81 c 95.30 ± 1.42 d 61.50 ± 1.59 b 

Feed intake (FI) g/fish 270.2 ± 12.57 a  269.7 ± 10.70 a  285.7 ± 10.67 c 293.9 ± 9.94 d 271.5 ± 11.07 b 

Feed conversion ratio (FCR) 4.80 ± 1.09 d 4.85 ± 1.00 d 3.47 ± 0.94 b 3.07 ± 0.88 a 4.41 ± 1.17 c 

Specific growth rates (SGRs) 0.75 ± 0.03 a  0.74 ± 0.03 a  1.01 ± 0.04 c 1.13 ± 0.02 d 0.81 ± 0.03 b 

Weight gain % 56.04 ± 1.18 a  55.30 ± 1.20 a 81.08 ± 1.50 c 95.31 ± 1.12 d 61.25 ± 1.34 b 

Survival % 100 40 80 80 70 

 

The various letters in the same row indicate statistically significant differences when (P<0.05).  

G1= negative control G2= positive control G3= 0.25 g MP     G4= 0.5 g MP     G5= 1 g MP. 

 
 

Table3: Effect of ethanolic extract of M. parviflora (MP) leaves on nitric oxide (NO) 
concentration and lysozyme enzyme activity (Mean ± SE) n=5. 

 

G Periods (days) 
Macrophage NO conc. 

micromolar (µMol) 

Lysozyme activity 

(µMol) 

G1 
After 30 days 27.93 ± 1.45 a 108.53 ± 1.33 a 

After 60 days 30.93 ± 0.77 a 117.30 ± 1.01 a 

Post challenge 32.89 ± 0.98 a 127.43 ± 1.17 a 

G2 

After 30 days 30.74 ± 1.13 a 110.15 ± 0.84 a 

After 60 days 31.74 ± 0.96 a 118.50 ± 1.70 a 

Post challenge 40.15 ± 1.33 b 135.72 ± 1.72 b 

G3 

After 30 days 39.62 ± 0.82 c 112.33 ± 0.64 ab 

After 60 days 38.26 ± 0.80 c 122.78 ± 0.92 ab 

Post challenge 67.34 ± 0.99 d 137.67 ± 0.85 bc 

G4 

After 30 days 34.79 ± 1.45 b 128.45 ± 2.23 c 

After 60 days 35.33 ± 0.98 b 139.33 ± 2.62 c 

Post challenge 69.44 ± 0.88 d 154.22 ± 2.66 d 

G5 

After 30 days 37.15 ± 1.18 bc 117.15 ± 3.13 b 

After 60 days 29.44 ± 1.04 a 128.32 ± 3.79 b 

Post challenge 54.79 ± 1.92 c 143.23 ± 3.72 c 

 
The various letters in the same colon of the same period indicate statistically significant differences 

when (P<0.05). 

G1= negative control   G2= positive control   G3= 0.25 g MP   G4= 0.5 g MP   G5= 1 g MP. 
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Table 4: Effect of ethanolic extract of  M. parviflora  (MP) leaves on total leucocytic count  
(T.L.C) x103/ul and differential leucocytic count (D.L.C) (Mean ± SE) n=5. 

 
G Periods TLC x103 /ul N % E% B% L% M% 

G1 

After 30 days 24.33 ± 1.38 a  21.00±2.08 b 10.40 ±0.20 c 3.40 ±0.40 b 57.80 ±2.00 a  7.40 ±0.20 a 

After 60 days 25.17 ± 1.14 a  21.60±1.40 b 9.00 ±0.00 c 4.20 ± 0.20 c 58.00 ±1.00 a  7.20 ±0.40 a 

Post challenge 24.96 ± 1.21 a  21.60±1.20 b 9.40 ±0.40 c 4.60 ±0.40 c 57.00 ± 2.00 a  7.40 ±0.20 a 

G2 

After 30 days 25.14 ± 1.22 a  20.80±2.08 b 10.20 ±0.40 b 3.60 ±0.40 b 57.80 ± 2.00 a  7.60 ±0.20 a 

After 60 days 25.46 ± 1.45 a  20.80±1.20ab 8.40 ± 0.20bc 3.60 ±0.40 bc 60.60 ± 2.00 a  6.60 ±0.20 a 

Post challenge 41.11 ± 1.58 d 18.60±2.91 a  5.20 ±0.20 a 0.20 ±0.60 a 67.40 ± 3.00 d 8.60 ±0.20 b 

G3 

After 30 days 28.67 ± 1.18 b 21.20±1.80 b 8.00±0.00 a 2.20 ±0.20 a 60.00 ± 2.00 b 8.60 ±0.20 b 

After 60 days 29.62 ± 1.32 b 20.00±1.20 a  7.60 ±0.33 b 1.60 ±0.40 a 62.60 ± 1.00 b 8.20 ±0.20 b 

Post challenge 31.79 ± 1.12 b 18.60±2.91 a  6.40 ±0.88 ab 2.20 ±0.67b 64.20 ± 2.00 b 8.60 ±0.20 b 

G4 

After 30 days 29.14 ± 1.31 b 19.20±1.80 a  8.00 ±0.40 a 2.20 ±0.20 a 62.00 ± 2.00 c 8.60 ±0.20 b 

After 60 days 31.23 ± 1.45 b 21.00±1.40 b 6.40 ±0.20 a 0.60 ±0.20 a 64.00 ± 2.00 b 8.00 ±0.20 b 

Post challenge 37.18 ± 1.24 c 18.60±2.91 a  6.20 ±0.88 a 0.20 ±0.60 a 66.40 ± 2.00 c 8.60 ±0.20 b 

G5 

After 30 days 29.85 ± 1.25 b 20.40±1.60 b 8.00 ±0.40 a 2.60 ±0.20 a 62.00 ± 1.00 c 7.00 ±0.20 a 

After 60 days 32.59 ± 1.21 c 20.00±1.60 a  7.00 ±0.20 a 2.20 ±0.20 b 63.00 ± 2.08 b 7.80 ±0.40 b 

Post challenge 35.94 ± 1.37 c 20.60±1.20 b 5.60 ±0.20 a 0.60 ±0.20 a 64.80 ± 1.00 b 8.40 ±0.20 b 

 
The various letters in the same colon of the same period indicate statistically significant differences 

when (P<0.05). 

G1= negative control   G2= positive control   G3= 0.25 g MP     G4= 0.5 g MP     G5= 1 g MP. 

Neutrophil (N), eosinophil (E), basophil (B) lymphocyte (L) and monocyte (M), (% of T.L.C). 

 

 
Table (5): Effect of ethanolic extract of  M. parviflora (MP) leaves on some of serum 

biochemical parameters (Mean ± SE) n=5. 

G Periods 
Total 

protein 

g/dl 

Albumin 

(g/dl) 

Globulin 

(g/dl) 
A/G ratio 

ALT 

(u/l) 

AST 

(u/l) 

ALP 

(u/l) 

G1 

After 30 days 3.76 ± 0.09 b 1.59 ± 0.02 b 2.16 ± 0.07 a 0.74 ± 0.01 ab 43.88 ± 0.58 a 33.11 ± 0.73 ab 17.28 ± 0.37 a 

After 60 days 4.11 ± 0.03 b 1.52 ± 0.02 b 2.59 ± 0.01 b 0.58 ± 0.01 a 51.85 ± 1.00 a 39.07 ± 0.59 ab 23.45 ± 0.53 b 

Post challenge 4.24 ± 0.02 b 1.59 ± 0.01 b 2.65 ± 0.04 b 0.60 ± 0.01 a 47.61 ± 0.40 a 84.07 ± 0.59 a 12.99 ± 0.53 a 

G2 

After 30 days 3.69 ± 0.11 b 1.61 ± 0.01 b 2.08 ± 0.12 a 0.78 ± 0.04 b 44.20 ± 0.41 a 33.73 ± 0.46 ab 16.60 ± 0.35 a 

After 60 days 4.18 ± 0.03b 1.50 ± 0.02 b 2.68 ± 0.05 b 0.56 ± 0.01 a 52.11 ± 0.67 a 40.06 ± 0.78 b 24.49 ± 0.75 b 

Post challenge 3.18 ± 0.03 b 1.30 ± 0.02 a 1.88 ± 0.05 a 0.69 ± 0.02 a 63.91 ± 0.72 d 102.06 ± 0.78 c 22.25 ± 0.75 c 

G3 

After 30 days 3.59 ± 0.12 b 1.63 ± 0.02 b 1.96 ± 0.13 a 0.84 ± 0.06 b 43.50 ± 0.26 a 31.94 ± 0.64 a 17.75 ± 0.46 a 

After 60 days 4.06 ± 0.10 b 1.53 ± 0.02 b 2.53 ± 0.08 b 0.60 ± 0.01 a 50.23 ± 0.28 a 37.32 ± 0.68 a 19.10 ± 0.78 a 

Post challenge 4.06 ± 0.10 b 1.58 ± 0.02 b 2.49 ± 0.09 b 0.64 ± 0.02 a 46.20 ± 0. 48 a 81.91 ± 0.68 a 12.31 ± 1.24 a 

G4 

After 30 days 3.80 ± 0.08 b 1.66 ± 0.05 b 2.14 ± 0.05 a 0.78 ± 0.03 b 46.74 ± 0.13 b 34.25 ± 0.42 b 17.41 ± 0.35 a 

After 60 days 3.94 ± 0.05 b 1.49 ± 0.02 b 2.46 ± 0.04 b 0.61 ± 0.00 a 54.29 ± 0.37 b 80.37 ± 1.22 c 27.09 ± 0.53 c 

Post challenge 4.14 ± 0.18 b 1.55 ± 0.01 b 2.59 ± 0.18 b 0.60 ± 0.04 a 50.29 ± 0.47 b 93.54 ± 1.12 b 16.63 ± 0.53 b 

G5 

After 30 days 3.24 ± 0.11 a 1.25 ± 0.02 a 1.99 ± 0.09 a 0.63 ± 0.02 a 63.45 ± 0.26 c 71.36 ± 0.75 c 22.38 ± 0.48 b 

After 60 days 3.23 ± 0.13 a 1.38 ± 0.01 a 1.85 ± 0.13 a 0.76 ± 0.05 b 57.86 ± 0.32 c 96.95 ± 0.59 d 29.44 ± 0.79 d 

Post challenge 3.06 ± 0.07 a 1.24 ± 0.03 a 1.82 ± 0.09 a 0.68 ± 0.05 a 54.43 ± 0.46 b 92.94 ± 0.59 b 18.98 ± 0.78 b 

 

The various letters in the same colon of the same period indicate statistically significant differences 

when (P<0.05). 

G1= negative control   G2= positive control   G3= 0.25 g MP     G4= 0.5 g MP     G5= 1 g MP. 
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Table 6: Effect of ethanolic extract of M. parviflora (MP) leaves on antioxidant enzymes, 
serum urea and creatinine (Mean ± SE) n=5. 

G Periods 
MDA 

(nmol/ml) 
SOD 

(u/ml) 
GSH 

(mg/dl) 
Urea 

(mg/dl) 
Creatinine 

(mg/dl) 

G1 

After 30 days 14.69 ± 0.18 b 178.14 ± 1.17 a 129.59 ± 1.27 c 10.41 ± 0.17 b 0.33 ± 0.02 b 

After 60 days 15.36 ± 0.20 b 185.54 ± 0.97 c 114.75 ± 1.18 d 10.92 ± 0.17 b 0.48 ± 0.02 b 

Post challenge 11.88 ± 0.20 b 178.14 ± 1.26 b 115.02 ± 1.27 b 12.70 ± 0.17 b 0.75 ± 0.04 b 

G2 

After 30 days 15.01 ± 0.19 b 178.41 ± 1.61 a 129.81 ± 1.67 c 10.39 ± 0.20 b 0.34 ± 0.01 b 

After 60 days 15.34 ± 0.21 b 185.65 ± 1.75c 114.80 ± 1.74 d 10.94 ± 0.19 b 0.49 ± 0.02 b 

Post challenge 16.89 ± 0.19 d 155.08 ± 1.99 a 109.01 ± 1.67 a 14.77 ± 0.18 d 1.09 ± 0.01 d 

G3 

After 30 days 11.94 ± 0.18 ac 309.53 ± 1.58 b 140.94 ± 1.25 d 4.26 ± 0.11 a 0.26 ± 0.00 a 

After 60 days 10.62 ± 0.15 a 106.88 ± 1.42 a 68.85 ± 1.26 b 10.36 ± 0.08 a 0.36 ± 0.01 a 

Post challenge 10.34 ± 0.18 a 216.53 ± 3.47 c 126.37 ± 1.25 d 12.14 ± 0.08 a 0.63 ± 0.01 a 

G4 

After 30 days 15.91 ± 0.14 d 328.38 ± 2.04 d 96.30 ± 0.96 a 10.12 ± 0.16 b 0.29 ± 0.01 a 

After 60 days 18.90 ± 0.26 c 135.10± 1.48 b 40.65 ± 1.12 a 11.09 ± 0.15 b 0.68 ± 0.01 c 

Post challenge 15.42 ± 0.25 c 228.04 ± 2.33 d 120.43 ± 0.96 c 12.87 ± 0.35 b 0.95 ± 0.01 c 

G5 

After 30 days 15.47 ± 0.21 cd 318.74 ± 1.33 c 100.64 ± 1.00 b 11.03 ± 0.10 c 0.34 ± 0.01 b 

After 60 days 18.71 ± 0.09 c 182.21 ± 1.79 c 104.48 ± 1.04 c 12.39 ± 0.09 c 0.95 ± 0.01 d 

Post challenge 15.23 ± 0.29 c 219.56 ± 0.91 c 124.77 ± 1.00 d 14.18 ± 0.28 c 0.94 ± 0.01 c 

The various letters in the same colon of the same period indicate statistically significant differences when 
(P<0.05). G1= negative control   G2= positive control   G3= 0.25 g MP     G4= 0.5 g MP     G5= 1 g MP. 
 

DISCUSSION 
 

Treatment of bacterial diseases in fish 
aquaculture by antibiotic medicated ration is 
a usual practice but, this is usually costive 
and may be ineffective due to multiple and 

incorrect use of antibiotics develops a 
resistance to most of these compounds. 
Therefore, the search for alternative methods 
of treatment has become a necessity that 

cannot be neglected. Plant extracts consider 
a safe, natural, inexpensive and effective 
method of treatment. So, this study was 
focused on the role of  M. parviflora (little 

mallow) extract in improvement the 
performance and immunological response of 
Nile tilapia and so combating and 
controlling the infection in addition to its 

antibacterial effect against P. fluorescens. 
 

This study investigated the various 
constituents and the pharmacological 
activities of ethanolic extract of M. 

parviflora leaves using GC-MS technique, 
searching for its active constituents 
responsible for their therapeutic efficacy; 
antimicrobial, immunological and 

antioxidant properties. The major 
compounds (Fig. 1 and Table 1) of M. 

parviflora were; Hexadecanoic acid, 1-

(hydroxymethyl)-1,2-ethanediyl ester and 
Ascorbic acid 2,6-dihexadecanoate 
(45.027%) followed by Oleic Acid in 
addition to Octadecanoic acid, octadecyl 

ester / tetradecenoic acid (26.338%), then 
Triarachine and Hexadecanoic acid, 2-
(octadecyloxy) ethyl ester (10.487%). Other 
vital fatty acids (FAs), esters and compounds 

constituted an important portion of the 
extract were also detected; Thiocyanic ac id, 
ethyl ester, Vaccenic acid, Erucic acid, 
Tetradecanoic acid, Octadecanoic acid, 

Linoleic acid, Myristic acid, Palmitic acid, 
Eicosanoic acid and Phytol. Our findings 
coincide to some extent with Al- Qarawi and 
Al-Obaidi (2018) who found that methanolic 

extract of  M. parviflora  leaves contained 
major active compounds such as 21,9-
Octadecadioenaic acid (z,z), methyl-ester 
and 10,13 Octadecadioenaic acid,-methyl-

ester-(70.58%), Hexadecanoic acid, methyl 
ester (8.42%), 1,2-Benzisothiazole, 3-
(hexahydro-1H-azepin-1-y1) -,1,1-dioxide 
(3.32%), Hexasiloxane, 1,1,3,3,5,5,7,7 and 

9,9,11,11 dodecamethyl-(2.29-%), Methyl 
10-trans, 12-cis-octadecadienoate (1.59%) 
and Trans-13-octadecenoic acid, methyl 
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ester (1.55%) besides others in low doses. 
Moreover, Abdel-Ghani et al. (2013) 
analyzed light petroleum fraction of M. 

parviflora using GC-MS and found β- 
amyrin, mixture of β-sitosterol and 
stigmasterol, ergosterol and β-sitosterol- O-
glucoside, α-amyrine, cholesterol and 

campasterol. Methylated fatty acids (FAs) 
indicated the presence of (14-FAs), while the 
major were linolenic, palmitic and linoleic 
acids and accounting 28.25; 26.5 and 

24.73%, respectively. Chloroform fraction 
gave ethyl vanillin, chlorophyll A and B. 
The ethyl acetate fraction revealed 
kampeferol-3-(6’’-p-coumaroyl-O-β-D-

glucoside (tribuloside). Authors attributed 
the anti-inflammatory properties of this 
extract to its bioactive compounds. 
Regarding to M. sylvestris, Tabaraki et al. 

(2012) found that, the main compound in its 
methanolic extract was 2-methoxy-4-
vinylphenol. Also, Razavi et al. (2011) 
found that M. sylvestris anthocyanins 

reduced plasma total triglycerides (TTG), 
cholesterol in addition to protected animals 
from ethanol provoked gastritis due to its 
high mucilage amount. As well, El Khoury 

et al. (2020) identified major compounds in  
methanolic extract of Malva pseudolavatera  
as (Z,Z,Z)-9,12,15-Octadecatrienoic acid-
methyl-ester plus another Omega-3 fatty 

acid ester; Phytol, Hexadecatrienoic acid, 
and Phytosterols, particularly γ-sitosterol 
and stigmasterol that showed signs of 
selective-toxicity on various types of cancer 

cells with no effect on normal cells besides 
their anti-inflammatory and antioxidant 
effects.  
 

Despite the traditional use of M. parviflora 
in medicine, a small number of 
pharmacological studies are reviewed 
evaluating its therapeutic possessions as 

antibacterial activity against fish infections. 
This experiment is conducted on the 
antibacterial activity of the ethanolic extract 
of M. parviflora leaves on P. fluorescens  in  

fish. About commercial antibiotics, 
Algammal et al. (2020) found that 55.5% of  
P. aeruginosa isolates from O. niloticus 
farms in Egypt, showed evidence of multi-

drug resistance (MDR) to cefotaxime, 
amoxicillin, tetracycline and gentamicin in 
direct relation to the antibiotic resistance and 

encoded virulence genes provided a 
forewarning to the misuse of antimicrobials. 
In our antibiogram, M. parviflora extract 
showed increased IZD on P. fluorescens 

ranged from 11 ± 0.33 to 16 ± 0.40 mm. 
Minimum inhibitory and minimum 
bactericidal concentrations (MIC and MBC) 
values were 3.90 and 62.50 mg/ml 

respectively. Our results indicated the 
susceptibility of P. fluorescens to the used 
extract when compared with IZDs of 
Gentamicin (17 ± 0.20) and Ciprofloxacin 

(22 ± 0.36) mm. The antibacterial activity of 
both leaves and flowers of Malva sp. 
including M. parviflora against saprophytic 
and pathogenic bacteria otherwise gram 

positive or negative were stated by Shale et 
al. (2005); Mihaylova et al. (2014). Also, 
Zare et al. (2012) found that aerial parts 
ethanolic extract of Malva sylvestris and 

Malva neglecta had the highest antibacterial 
activity and the best MIC values compared 
to other solvents; chloroform or water 
against S. aureus, P. vulgaris, P. aeruginosa, 

and S. pyogenes. As well, Rasheed et al. 
(2017) reported similar results for M. 
parviflora. Also, Klūga et al. (2017) found 
strong antimicrobial effect of ethanolic 

extract of Malva mauritiana leaves against 
Pseudomonas oryzihabitans and 
Pseudomonas alcaligenes than other bacteria 
with IZD (6.67±1.53 and 4.67±0.58 mm) 

respectively and assured the abundance of P. 
fluorescens as opportunistic pathogens of 
fish microflora. Minimum inhibitory 
concentration (MIC) was also used as a 

comparative index for antimicrobial agents. 
Shadid et al. (2021) reported that hexane, 
methanolic, aqueous and acetone M. 
parviflora extracts revealed antibacterial 
activity against P. aeruginosa and MICs 

were 6.25, 6.25, 3.125 and 12.5 mg/ml 
respectively. Also, Afifi (2016) recorded the 
antibacterial effect of ethanolic M. sylvestris  
leaves extract, at 150μg/disc against 

Aeromonas veronii, A. hydrophilla A. 
jandaei, and A. caviae except A. sobria. The 
maximum IZDs were 55 and 54 mm for A. 
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caviae and A. hydrophila recpectively and 
MIC was 50 μg/ml. Razavi et al. (2011) 
mentioned that methanol extract of M. 

sylvestris leaves displayed high bactericidal 
activity against; E. faecalis, E. coli, S. 
agalactiae and S. aureus with a comparable 
efficacy to erythromycin, gentamycin and 

amphotericin, its MIC values ranged from 
192-256 μg/ml. Consequently, the author 
concluded that it can be applied as a 
chemotherapeutic or a chemopreventive 

means. Dugani et al. (2016) attributed the 
pharmacological activity of M. parviflora 
leaves extract to the existence of a variety of 
phytoconstituents as steroids, 

anthraquinones, phenolic compounds, 
flavonoids, tannins, glycosides and 
particularly the coumarins of the leaves 
which present in alcoholic extract than 

aqueous extract with a dose dependent 
protective effect, in addition to its inhibitory 
effect on prostaglandins synthesis. As 
known, when infection starts the 

inflammatory response released several 
mediators besides stimulation of the 
neutrophils and macrophages (Martins et al., 
2017). Furthermore, Ododo et al. (2016) 

stated that the ethanolic besides chloroform 
extracts of  M. parviflora root bark own 
active compound to suppress both S. aureus  
and E. coli with IZDs (18 ± 3.20 and 15 ± 

0.41 mm) along with MIC (15 and 20 
mg/ml), respectively. Bouriche et al. (2011) 
stated that M. parviflora leaves had as well 
less lipophilic constituents which are 

dispersed in both methanol and aqueous 
extracts in charge of its effects which might 
be associated with the existence of water-
soluble phytochemicals; flavones, organic 

acids and quinones. The discrepancy in the 
IZD or MIC values obtained in the present 
study and other previous reports may be 
attributed to the Pseudomonas sp., Malva sp. 
or several variables which manipulate the 

bioactive plant ingredients as solvent type. 
 

Our results proved that addition of little 
mallow extract in O. niloticus fish ration has 
a positive growth promotion effect on all 

treated groups than the control especially G4 
(Table 2). FCR values of G3 and G4 

decreased significantly than the control. 
Growth promotion may also supply an early 
protective immune response against 

infections. This improvement of growth 
performance and immune response due to 
the extract, raise the resistance and survival 
rates of all administered groups challenged 

with P. fluorescens infection besides its 
direct antibacterial activity. Similarly, Bilen 
et al. (2019) reported that M. sylvestris 
aqueous methanolic extract promoted the 

growth and immunity in gilthead sea bream 
plus European sea bass and elevate survival 
rate against the infection with V. 
anguillarum. Also, Rashidian et al. (2019) 

found that common mallow flowers extract 
can elevate the performance and immunity 
of rainbow trout. 
 

For sustaining disease resistance in cultured 
fish, immunostimulants have been used as 

dietary supplements (Vallejos-Vidal et al., 
2016) and their effect has been concentrated  
mainly on the assessment of non-specific 
immune stricture and as a result, on the 

consequences of these treatments on the 
innate immunity. In this study, after 30, 60 
days and post challenge (Table 3) no 
significant difference was recorded in 

lysozyme activity and NO level between G3  
and G5, while the highest value recorded in  
G4. The phagocytic and lysozyme actions 
are good markers for fish immunological 

status especially during periods of infection. 
Positive control post challenge showed a 
significant increase in both items than 
negative control. This probably attributed to  

the high leukocyte production in infected 
group regarding to the fact that fish 
lysozyme is mainly produced by neutrophils 
and macrophages (Bussolaro et al., 2008). 

All treated groups showed a significant 
increased than both controls before and after 
challenge point to an immune modulation. 
Our results agreed with many studies that 

different composites in herb extracts can 
straightforwardly trigger the increase of non- 
specific immune parameters and support to 
fish immune system. Ramírez-Serrano et al.  

(2019) reported the ability of hydroalcoholic 
M. parviflora extract to activate 
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macrophages through its fractions like 
daucosterol. Also, Afifi (2016) stated that 
ethanolic M. sylvestris leaves extract can act 

as immune stimulant in O. niloticus 
enhanced lysozome and respiratory burst 
mechanism when used at 0.5 and 1% of 
ration for 4 weeks than control, while no 

significance difference between both treated  
groups, besides increased the relative levels 
of protection after challenge with pathogenic 
A. sobria to be zero mortality compared with 

50% in positive group. Moreover, several 
studies as Bilen et al. (2019) on sea bream 
and sea bass and Bilen et al. (2020) on 
common carp concluded that methanolic 

extract of M. sylvestris at (0.5, 1 g/kg ration) 
for 45 and 60 days, respectively was suitable 
applicant herb to support lysozyme, 
phagocytic and myeloperoxidase activities 

as an important indicators to non-specific 
immune defense response against pathogens 
so; M. sylvestris exhibited a positive role in 
immunological responses as an inexpensive 

natural immunomodulators to render 
resistance to diseases providing a protection 
against V. anguillarum challenge. Our 
results could be attributed to various 

flavonoids components contained in  Malva 
(Saad et al., 2017). Flavonoids have direct 
effect to lysozyme level (Yang et al., 2012). 
As well, the positive immune effects may be 

attributed to antioxidant of Malva such as 
polyphenols, vitamins E, C, B-carotene and 
other vital phytochemicals based on their 
capability to scavenge diverse free radical 

resulted in protection of biological 
molecules in opposition to oxidation 
(Rackova et al., 2009).  
 

Hematology and clinical chemistry analysis 
can provide substantial diagnostic 

information however they not used regularly 
in fish medicine (Hrubec et al., 2000), D.L.C 
belong to important distinctiveness of fish 
health state and helpful in immune system 

evaluation. Our results revealed that all 
treated groups after 30, 60 days and post 
challenge (Table 4) had a significant 
increase in T.L.C, lymphocyte and monocyte 

counts than negative control while in 
positive control increased post challenge 

only. As reported by Zexia et al. (2007), the 
3 types of granulocytes described in higher 
vertebrates are also present in fish. By 

contrast with mammals, fish belong to the 
lymphocytic group and neutrophils may 
represent less than 5% of leukocytes and the  
major part of them is stored in kidney 

(Havixbeck et al., 2016). Regarding to 
positive control, similar results of 
leucocytosis were recorded after bacterial 
infection in Tilapia in order to tackle the 

infection (Mazrouh et al., 2015) which, may 
be attributed to lymphocytosis and 
neutrophilia. As well Afiyanti et al. (2018) 
estimated the leukocytes and D.L.C in carp 3 

days after A. salmonicida infection and 
found a significant leukocytosis, 
eosinophilia, neutrophilia, lymphocytosis 
and monocytosis and non-significant 

basophilic count. In treated groups the 
extract was capable of enhancing the act of  
the immune system by generating more 
leucocytes, as a result giving the fish more 

ability to restrain the bacterial growth in  the 
fish body. Similarly, lymphocyte increased 
in O. mykiss exposed to V. anguillarum or its 
extra cellular content (Lamas et al., 1994). 

Conversely, Bilen et al. (2020) recorded no 
changes in hematological parameters of all 
common carp groups treated with aqueous 
methanolic extract of M. sylvestris (0.1, 0.5, 

and 1g/kg) for 45 days. Meanwhile the effect 
of the extract on hematological profile may 
depend upon extract type, fish sp., age and 
other circumstances. Fish have several kinds 

of phagocytic leukocytes in the peritoneal 
cavity, and different tissues. Plant extracts 
are full of vital phytochemicals may enhance 
monocytes plus granulocytes; macrophages 

and neutrophils, improve action of non-
specific immune responses. Furthermore, 
activated neutrophils and macrophages in the 
fish blood as well amplify the number of 
reactive oxygen and nitrogen intermediates 

(ROIs and RNIs), which act as toxic to 
bacteria (Hardi et al., 2019). 
 

By estimation of liver enzyme markers as 

AST, ALT and ALP (Table 5), our results 
after 30 and 60 days revealed that G4 and 
G5 showed a significant increased than G1, 
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while there is no significant difference 
between G3 and G1 indicating that 
considerable increased in enzyme activities 

is a dose dependent. Post challenge, positive 
control showed a significant increased than 
negative control. Release of liver enzymes 
indicates mitochondrial damage and 

represents the loss of functional uprightness 
due to the cellular enzymes’ leakage from 
the cell membrane of the hepatocyte. Our 
results evidenced that negative impacts of M. 

parviflora extract on liver appeared to be a 
concentration dependent and this coincide 
with Bilen et al. (2020) who recommended 
that more pharmacological and toxicological 

studies are needed on common mallow for 
drug safety dose for fish health. Also, 
Algammal et al. (2020) recorded that liver 
was the most prominent bacteriologically 

infected and affected organ with P. 
aeruginosa pursued by kidney then spleen in 
naturally infected fish where it caused grave 
illness together with hemorrhagic 

septicemia, abdominal dropsy, friable pale 
liver along with congested kidney. 
Regarding to the extract dose effect, Hussain 
et al. (2014) reported that hepatoprotective 

effect of M. sylvestris at (300 plus 600 
mg/kg BW), which used to treat induced 
hepatic intoxication found in a dose 
dependent manner, restoring normal function 

ability of liver specially at 600 mg/kg with 
no significant difference recorded compared 
to silymarin (100 mg/kg) treated group. The 
authors attributed this effect to the active 

phytocomponents that might reinstate the 
glutathione values in hepatocytes and its 
functional integrity. Glutathione is 
considered one of the key antioxidants 

protect the liver from toxic actions. The 
discrepancy in the hepatoprotective effect of 
various ascending doses of the used M. 
parviflora ethanolic extract and other studies 
may be referred to the affected species, 

duration of treatment, type of the Malva sp. 
or the used extract solvents. Our results 
about TP, albumin, globulin and A/G ratio 
after 30 and 60 days provoked no significant 

difference among G3 and G4 when 
compared to G1 in most of these parameters 
while G5 showed a significant decrease. Post 

challenge G2 and G5 showed a significant 
decrease than G1. Results of positive control 
are agreed with Adonova et al. (2014) who 

recorded hypoalbuminemia post P. 
aeuroginosa infection. The authors endorsed 
the reduction of albumin value to enhanced  
vascular permeability caused by bacterial 

toxins resulting in albumin passage to the 
adjacent interstitial tissue. In this respect 
also, Saad et al. (2014) discussed the 
decrease in protein and globulin that can 

explain the drastic effect of  Pseudomonas 
infection on immunity of infected f ish with 
afterward increased the damaging effects of 
bacterial disorders. Our results come 

partially in agreement with Hajyani and 
Modaresi, (2016) who reported that 
ethanolic extract of M. sylvestris in 50, 100, 
200 mg/kg for 20 days revealed a significant 

decreased in blood albumin and increased in  
the gamma interferon for all doses while, the 
amount of β-globulin increased only in 50 
and 100 mg/kg treated groups than the 

control referring to its ability to stimulate the 
immune cellular response. 
 
Antioxidant reactions of living organisms 
are important defense means for defending 

against stressors or infections (Yin et al., 
2014). Pretreatment with all M. parviflora 
extract doses resulted in dose dependent 
effects on the oxidative stress biomarkers. 

Various effects were recorded (Table 6) in 
MDA levels after 30 and 60 days; the best 
decrease was in G3 than negative control, 
while G4 and G5 revealed no significant 

difference between each other. All treated 
groups elicited a significant decrease than 
G2. SOD, after 30 days all treated groups 
showed a significant increase than G1 then 

after 60 days, only G5 showed no significant 
difference than G1. Reduced glutathione 
(GSH) after 30 days, only G3 showed a 
significant increase than G1 then after 60 

days; the remarkable increase was noticed in 
G5 while all treated groups were 
significantly less than G1. Post challenge, 
positive control increased significantly 

MDA and decrease in both SOD and GSH 
levels than negative control with no 
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significant difference between G3 along with 
G5, while all treated groups were increased 
significantly than both controls. Our data 

propose that ethanolic extract of M. 
parviflora contained good radical scavenger 
compounds. As well our GC-MS 
investigation confirmed the presence of 

ascorbic acid in the highest area percent as 
main constituent of  M. parviflora. Moreover, 
pharmacological studies exist for M. 
parviflora  extracts displayed its antioxidant 

activity and anti-inflammatory properties 
attributed these to oleanolic acid, scopoletin, 
and tiliroside fractions (Lagunas-Herrera et 
al., 2019), sterols, flavonoids, and fatty acids 

(Bouriche et al., 2011) or to polyphenols and 
proanthocyanidins (Afolayan et al., 2010) 
which act via scavenging of free metal ions, 
thus, depressing transition of metal ion 

depending oxidative processes, in addition to 
its usage in treatment of liver injuries and 
inflammation. Also, Paul (2016) reviewed 
that M. sylvestris contains tannins, vitamins  

(A, C, and E), folic acid, niacin, polyphenols 
(anthocyanins), scopoletin, malvone A 
(naphthoquinone) malvaline, malvidin, 
malvin, flavonoids, polysaccharides 

(mucilage) and coumarins. As well our 
findings come in agreement with Perez 
Gutierrez, (2012) who reported that M. 
parviflora leaves extract can well hinder 

lipid abnormalities and oxidants’ stress. 
Also, Adam et al. (2018) found that M. 
parviflora leaves have the highest 
antioxidant actions among other plants 

without any cytotoxicity. It may serve as a 
resource for further expansion of natural 
antioxidant agents due to its total phenol and 
flavonoid amounts. As well Shadid et al. 

(2021) stated the presence of  safer and 
inexpensive antioxidants in hexane, 
methanolic, aqueous, and acetone M. 
parviflora extracts due to their phenolic 
contents and radical scavenging activity. In 

another study, Farhan et al. (2012) reported 
that scavenging activity was 88% for M. 
parviflora leaves and comparable to the 
ascorbic acid as antioxidant. To boot, 

Bouriche et al. (2011) found that antioxidant 
activities of the methanol extract of M. 
parviflora   leaves were superior to aqueous 

extract; it exerted a strong scavenging 
activity and chelated ferrous ions in a dose 
dependent manner. Thus, M. parviflora 

leave have great prospective as an 
interesting source for natural health agents.  
 

Serum urea and creatinine consider as 
biomarkers for kidney functions in fish (Dos 
Santos et al., 2017). Our results after 30 and 
60 days (Table 6) revealed that G4 and G5 

increased significantly than G1 while, no 
significant difference between G3 and G1 
indicating that considerable increase in 
levels of these parameters is a dose 

dependent manner. Post challenge, positive 
control showed a significant increase than 
negative control. Dos Santos et al. (2017) 
reported similar findings about P. 

aeruginosa infection. Furthermore, Eissa et 
al. (2010); Devakumar et al. (2013); Magdy 
et al. (2014); Derwa et al. (2017) recorded 
marked histopathological alterations in 

hepatic and renal tissues after P. aeruginosa 
infection. Aekanurmaningdyah and 
Kurniasih, (2018) attributed these cellular 
degenerative changes to manipulate of 

bacterial toxins, enzymes which had 
hemolytic and proteolytic activities, and 
bioactive extracellular agents promoting 
tissue degeneration, liver necrosis, 

hemorrhage, and renal nephrosis. Regarding 
to the extract dose effect, Babaei Zarch et al. 
(2017) reported a nephroprotective effect of  
M. sylvestris on renal damage of induced 

nephrotoxicity and attributed this to the 
antioxidant activity of the bioactive 
compounds involved in the plant and its 
efficacy was dose dependently. All doses of  

100, 200 and 400 mg/kg BW /day for 1 
week showed an improvement in estimated 
parameters and it was significant only at 400 
mg/kg/day. The authors found that M. 
sylvestris extract pretreatment significantly 

decreased BUN, creatinine and MDA levels 
besides increased catalase and GSH 
activities. These effects were confirmed 
histopathologically and were comparable 

with those of vitamin C (10 mg/kg) as a 
strong antioxidant, which applied by the 
authors as a control. Similar positive 
histopathological effects of M. parviflora 
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aqueous extract reported by Farhan and 
Mohammed, (2020) on both liver and kidney 
tissues at 300 and 500 mg/kg BW/30 days 

against potassium permanganate as 
oxidizing substance. Furthermore, Marouane 
et al. (2011); Nabavi et al. (2012); Zhang et 
al. (2014) confirmed the protective effect of 

flavonoids rich substance, phenolic 
compound and curcumin on kidney 
functions through their antioxidant effects. 
The discrepancy in the nephroprotective 

effect of various doses of the used M. 
parviflora ethanolic extract and other studies 
may be related to the affected species, 
duration of treatment, type of the Malva sp. 

or the used extract solvents. 
 

CONCLUSION 
 

It could be fulfilled that M. parviflora leaves 

ethanolic extract is a promising therapeutic 
agent it can be used as antibacterial with 
effective an immunmodulator activity 
against P. fluorescens in Nile tilapia fish. It 

exerts significant improvement on growth 
performances, increases survival rate and 
non-specific immune activities, suppresses 
oxidative stress and lipid peroxidation. It has 

a pharmacological prospective as a valuable 
natural product that can be utilized as an 
effective therapeutic supplementation of 
Tilapia fish ration. Its effects appeared in a 

dose dependent manner. The dose of 0.25 
g/kg ration recorded no side effects on liver 
or kidney functions, while 0.5 g/kg gave the 
highest weight gain. As well, both doses of 

0.25 and 0.5 g/kg were effective enough and 
increased immunity and survival rate to 
80%. 
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لرفع   الحيوية  المضادات  بدائل  النيليمحاولة استخدام  البلطي  النمو في  المناعية وأداء   الكفاءة 
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( Malva parviflora) ةوراق نبات الخبيزأهذه الدراسه تكشف معمليا التأثير المضاد للبكتريا للمستخلص الإيثانولي من 

( فلوريسينس  السيدوموناس  ميكروب  )قياس  Pseudomonas fluorescensضد  مثبط  أ(,  تركيز  قل أو   (MIC)قل 

-Gas عن كفاءته باستخدام تحليل جهاز  ةالمسئول ةوجيالمكونات البيول  ة(, معرف(MBC)تركيز قاتل  

Chromatography- Mass-Spectrometer-(GC-MS)   تأثيره داخل الجسم علي أسماك البلطي تقييم  بجانب 

  ة مجاميع: مجموع   5لي  إ  ةسمك  225العدوي بميكروب السيدوموناس فلوريسينس. تم تقسيم عدد  ةالنيلي كنبات طبي لمقاوم

)3x101 عدواها عند اليوم الستين بجرعة    تم  ةيجابيالإ  ةالضابط  ة(: المجموع2)  ة, مجموعةالسلبي  ةالضابط ة(: المجموع1)

CFU/0.2ml)  0.5  -0.25يوم بالمستخلص بجرعات )  60ة (: تم تغذيتها لمد5( و )4(, )3)  ة,مجموع بالحقن فى العضل  

 ة ظهرت نتائج اختبار الحساسي أ. ىوبعد العدو   60,  30تجميعها عند اليوم جرام/كجم عليقه( علي التوالي. عينات الدم تم   1و 

علي  لترملجم/ملي 31.25و   3.90 كانت MBC و   MICميكروب السيدوموناس فلوريسينس للمستخلص. نتائج  ةحساسي

الأ النيترك  التوالي.  ومستوي  للخلايا الأأوزان  عن   ةجاميع المعالجونشاط الليسوزوم زادوا معنوياً في كل الم  ةكولوكسيد 

( من معدل الاحياء الي 4( و )3جرام/كجم( في حين زادت مجموعتين )  0.5)  ة( المعالج4)  ةالمجموع  ةالكنترول وخاص

زادوا  ةالخلي ةووحيد ة. العد الكلي لخلايا الدم البيضاء والليمفاويةيجابيالإ ة( الضابط2)  ة% للمجموع40ب    ة% مقارن80

المعالج المجاميع  كل  في  المجموع  ةمعنوياً  الضابط1)  ةعن   ,AST, ALT)نزيمات  إ.  ةالتجرب  ةطوال مد  ةالسلبي  ة( 

ALP)   والكرياتينين لم يظهرو بين المجموعتين )أ  اواليوريا  تغيير معنوي  و )1ي  ( و 4) ( بينما زادوا في مجموعتي3( 

ي تغيير معنوي بين المجاميع. مستوى  ألبيومين والجلوبيولين لم يظهروا الأ و  ( بزياده جرعه المستخلص. البروتين الكلى5)

(MDA  )نقصا معنويا في المجموعأ بعد العدوي 1)  ة( عن المجموع3)  ةظهر  و  نقصا  ةظهرت كل المجاميع المعالجأ( 

المجموع عن  الأ2)ة  معنويا  مضادات  عن الكنترول   ةعالجزادوا معنوياً في كل المجاميع الم  GSH) و  (SOD ةكسد(. 

ثار . كانت الأةومضادات الاكسد ةداء والمناعمعدلات الأ ةزياد إلىالمستخلص المستخدم   ىدأ  ة,النهايي  . فةبدرجات مختلف

عل  ةالجانبي والكلي  ىللمستخلص  الكبد  ثار أي  أجرام/كجم    0.25  ةلذلك لم تسجل جرع  ةالجرع  ةبزياد  ةمرتبط  ةوظائف 

 وزن مكتسب.  ىعلأجرام/كجم   0.5 ةجانبيه بينما سجلت جرع
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