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Abstract
This study was designed to evaluate dietary Moringa oleifera leaves 
(MOLs) and their aqueous extract in enhancing the growth rate and 
immunity and decreasing the acute stress response in common carp 
(Cyprinus carpio) fingerlings. A total of 180 fish were divided into 
three groups for feeding on diet1 (d1) with no additives (control), diet2 
(d2) containing 10 g of MOLs/kg feed, and diet3 (d3) containing 20 mL 
of MOL aqueous extract/kg feed for 60 days. At the end of the feeding 
period, the specific growth rate (SGR) was calculated, and serum was 
obtained for biochemical analysis. In addition, 6 fish from each group 
were subjected to confinement stress for 20 min. Thereafter, locomo-
tor activity, opercular movement, and plasma and water cortisol levels 
were measured. The d2 and d3 groups showed an increase in SGR and 
levels of total protein, globulin, and lysozyme, in addition to a decrease 
in the locomotor activity and opercular movement than d1 (control) 
group. MOLs and their aqueous extract had an improving effect on 
growth and immunity and mitigated the adverse effects of stressors in 
C. carpio fingerlings. Moreover, MOL aqueous extract induced a more 
marked effect on growth performance and stress resistance than that 
by MOLs.
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INTRODUCTION 

World aquaculture is developing fast to overcome 
the increase in fish demand (Reverter et al., 2014). 
This development leads to intensification of fish 
culture, potentiating of stressors and thus impairs 
immunity, which increase diseases incidence. In 
aquaculture, fish may suffer from various stressors 
such as overcrowding, confinement, periodic han-
dling, poor water quality and malnutrition (Quesa-
da et al., 2013) causing adverse effects on growth, 
immunosuppression, disease outbreaks, mortality 
and high economic losses (Barton, 2002). 

Stress stimulates the hypothalamo-pituitary-adrenal 
axis (HPA-axis) to increase blood cortisol and lo-
comotor activity (Carrasco and Van de Kar, 2003). 
Hence, fish behavioral and physiological responses 
are usually correlated with stress conditions (Kool-
haas et al., 1999). Behavioral response is the first 
alarm to stress (Ursin and Eriksen, 2004). Moreover, 
locomotor activities are sensitive indicators to many 
stressors, thus it is commonly used for behavioral 
analysis (Huntingford et al., 2006). In addition, gills 
are important targets for cortisol in fish (Wendelaar 
Bonga, 1997). Therefore, opercular movement re-
flects stress level posed on fish (Martins et al., 2011).

Cortisol is the main corticosteriod in teleost fish and 
its plasma concentrations rise greatly during stress 
(Mommsen et al., 1999). Fish release steroid hor-
mones into the water in measurable amount (Scott 
and Sorensen, 1994). Also, stressed common carp 
(Cyprinus carpio, C. carpio), excreted cortisol into 
the water (Scott et al., 2001). Hence, cortisol can be 
measured in fish plasma (Kittilsen et al., 2009) and 
water samples (Ruane and Komen, 2003). Since, 
fish plasma and water cortisol levels are related 
(Ruane and Komen, 2003), water cortisol may be 
used as a valuable tool for measuring stress in aqua-
culture without sampling or disturbing fish.

Nutritional manipulations are considered a useful 
way for stress mitigation in fish (Kanazawa, 1997). 
Dietary supplementation with medicinal plants is 
used in fish aquaculture to improve immunity and 
resisting stressors (Reverter et al., 2014).

Among these plants, Moringa oleifera (Moringace-
ae); which is a highly valued plant and it distributed 
in tropical and subtropical countries. It has a wide 
range of medicinal uses with high nutritional value, 
the so called “miracle tree”. Moringa oleifera leaves 
(MOLs) are rich in minerals and provide a good 
source of protein, vitamins, β -carotene, amino acids 
and phenolics (Ramachandran et al., 2014). 

Dietary supplementation of MOLs increased 
growth performance (Abou-Elezz et al., 2012). 
In addition, using MOLs extract overcame NaCl 
stress in bean seeds (Rady a et al., 2013).

Literature lacks information about the application 
of aqueous extract of MOLs in aquaculture as 
most of its uses are confined to in vitro applica-
tions. Therefore, the present work focuses on eval-
uating the effect of dietary MOLs and their aque-
ous extract on growth, immunity and mitigation of 
confinement stress in C. carpio fingerlings.

MATERIAL AND METHOD

Fish Collection and Maintenance 

A total of 180 apparently healthy C. carpio finger-
lings with average body weight 7±2.0 g were col-
lected from Abo-Saleh fish hatchery, Beni-Suef, 
Egypt. They were transferred in plastic bags con-
taining oxygenated water to the wet laboratory of 
Fish Department, Faculty of Veterinary Medicine, 
Beni-Suef University, Egypt. Fish was kept in three 
fiberglass tanks of 400 l capacity for each, sup-
plied with chlorine-free tap water and continuous 
aeration. The fingerlings were acclimatized for 14 
days in the experimental fiberglass tanks and were 
fed 5% body weight pelleted commercial fish diet 
(Brsiek factory, Egypt, Table 1) during acclimation.

After acclimatization fish were redistributed into glass 
aquaria of 70x25x40 cm for running the experiments. 
Water quality parameters were measured twice a week 
during acclimatization and throughout the experimen-
tal periods. These parameters include measuring dis-
solved oxygen using DO meter (India), temperature 
using water thermometer (UK), measuring pH using 
PH indicator paper (USA), as well as measuring am-
monia, nitrite and nitrate using commercial test kits 
(Aquamerck; Merck, Darmstadt, Germany).
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Composition of ingredients  The percentage 
(25% crude protein)  (%)

Fish meal 6

Soya bean meal 36

Rice polish 22

Yellow corn 34

Mono-calcium phosphate 1

Common salt 0.5

Premix 0.5

Table 1. Composition of the commercial pelle-
ted fish diet (Brsiek factory, Egypt).
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Source of Moringa oleifera Leaves (MOLs)

MOLs were obtained from local market. The spec-
imen was examined and identified by a botanist 
from Botany Department, Faculty of Sciences, 
Beni-Suef University. The obtained leaves were 
washed several times with distilled water and air 
dried in shaded area. The dried leaves were grinded 
into fine powder using mixer and stored in steril-
ized glass containers at room temperature for use. 

Preparation of Aqueous MOLs Extract

The extract of aqueous MOLs was carried out accord-
ing to the method suggested by Fatope et al. (1993) 
with minor modification. Twenty five g powder of 
grinded leaves was mixed with 250 ml hot (98°C) 
distilled water and stayed for 24 h. The extract was 
filtered using a muslin cloth and then re-filtered using 
filter paper. The extracts were labeled and preserved in 
the refrigerator at 4°C and used within 1 week.

Diet Preparation 

The pelleted commercial fish diet (Brsiek factory, 
Egypt, Table 1) was ground into fine powder by us-
ing mortar, then, the MOLs and its aqueous form 
were mixed separately with the fine powder. Three 
fish diets were prepared, including, diet1 (d1) with 
no additives (control), diet2 (d2) containing 10 g of 
MOLs/kg feed and the third diet (d 3) containing 20 
ml of MOLs aqueous extract/kg feed. Afterwards, 
each fish diet contents were mixed with distilled 
water until obtaining a homogenous mixture. The 
mixture was passed through a hand minced-meat 
processing machine, producing extruded strings, 
which were dried at room temperature for 24 h and 
then broken down to small pellets.

Experimental Design

Growth performance

After acclimatization of 180 fingerlings, they were 
divided into three groups (20 fish/each) with three 
replicates for feeding on d1, d2 and d3 for 60 days. 
Throughout the experimental period the finger-
lings were fed 5% of body weight with its specific 
diet once a day at 10 am. 

Growth measurements including individual 
weight and length of the fingerlings were recorded 
and the cumulative fish weights per group were 
weighed weekly to adjust the new required feed 
amount. At the end of experimental period, specif-
ic growth rate (SGR) of fingerlings fed with dif-
ferent diets was calculated according to (Ricker, 
1979) using the following formula:

SGR=[logarithm (final weight)–logarithm (initial 
weight)/t (time interval in days)]×100

Blood collection and biochemical analysis 

At the end of feeding period (60 days), 30 fish 
from each experimental group (10 fish from each 
replicate group) were anaesthetized with tricaine 
methane sulfonate (MS222, Sigma-Aldrich Chem-
ical Co. Egypt). Blood was collected from caudal 
veins without anticoagulant for serum separation. 
The collected serum was stored at -20 °C for esti-
mation of total protein using the method of Brad-
ford (1976); albumin concentration (Doumas et al., 
1971). Additionally, serum lysozyme activity was 
measured based on the lysis of Micrococcus lyso-
deikticus according to the method of Ellis (1990).

Measuring behavior and cortisol level in water 
and plasma after exposure to confinement stress

Sixty days after feeding of the tested diets, six fish 
from each group were individually confined for 
20 min in the aquarium shown in Figure 1. This 
aquarium was designated to restrict fish swimming 
and provided adequate aeration for avoiding hy-
poxia stress. The behavior of fish was videotaped 
using digital video camera (SONY, Japan). After 
that, opercular movement number/min (at 10th, 
15th and 20th min of confinement) was counted. 
Furthermore, duration of fish activity/min (body 
movement from side to side) was calculated. 

For water cortisol level analysis, whole water in 
each confinement area was collected immediate-
ly after ending of stress period (20 min). The col-
lected water was thoroughly mixed and only 10 
ml water was kept frozen (-20°C) for analysis of 
cortisol level.
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Figure 1. Aquarium used for confinement stress 
test;  Fiber glass aquarium (12cm width×30cm 
length ×20 cm depth), equally subdivided into 6  
equal units (5cm width×12 cm length ×20cm dep-
th). Each unit was supplied with aeration.

5 cm

20 cm
depth

Aeration pump

12 cm
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For plasma cortisol measurement, the fish 
were anaesthetized using tricaine methane sul-
fonate (MS222; Sigma-Aldrich Chemical Co. 
Egypt), then, the blood samples were collected 
from caudal vein of each fish. The collected 
blood sample was placed into cooled plastic 
tubes containing 3 mg Na2EDTA, mixed and 
centrifuged at 3000 rpm; 4 ͦC for 5 min. The 
collected plasma was stored at -20 ͦC for fur-
ther analyses.

Moreover, cortisol levels in the collected plasma 
and water samples were estimated by Cortisol 
ELISA kit® (Calbiotech, catalog No. CO103S, 
Canada) following the manufacture instructions. 
Results calculation was carried out by automatic 
ELISA reader (SUNRISE®; Tecan, Austria) ac-
cording to Schlaghecke et al. (1992).

Statistical Analyses

Statistical analyses were done using all data one 
way ANOVA (post hoc test; Dunnetstest) Ad-
vanced Models 16.0 software (SPSS, Tokyo, Ja-
pan). P<0.05 was considered as statistically sig-
nificant.

Ethics 

The present experiment was approved by the 
BSU-IACUC (Beni-Suef Institutional Animal 
Care and Use Committee). 

RESULTS AND DISCUSSION 

Growth Performance 

Significant differences were observed in final 
weight in groups fed MOLs and its aqueous ex-
tract (P=0.02 & 0.002 respectively) when com-
paring with control group (Table 2). Whereas, 
the total initial weight of fish group fed control 
diet (d1), M. oleifera leaves (d2) and M. oleifera 
aqueous (d3) was 139.99 ±3.87, 143.5±2.36 and 
144.09±2.65 respectively, while, the total final 
weight of fish group fed control diet (d1), M. oleif-
era leaves (d2) and M. oleifera aqueous (d3) was 
211.33±4.7, 233.5±4.7and 248.96±2.3 respec-
tively. Additionally, the SGR was 0.686, 0.811 
and 0.911 in fish group fed control diet (d1), M. 
oleifera leaves (d2) and M. oleifera aqueous (d3) 
respectively.

Effect of MOLs and Their Aqueous Extract on 
Biochemical Parameters of C. carpio Fingerlings

Values of total serum protein, albumin, globulin 
and albumin/globulin ratio are shown in Table 3. 
Total serum protein and globulin levels were sig-
nificantly increased in group of fish fed M. oleifera 
leaves (d2), (p=0.001& 0.001 respectively) and 
their values were 6.3±0.2 and 5.2±0.2 respectively, 
while, they were extremely significant (p=0.0001) 
in group fed M. oleifera aqueous (d3) with values 
of 7.86±0.14 and 7.16±0.03 respectively. Addi-
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Parameter Diet 1 (control) Diet 2 (M. oleifera leaves) Diet 3 (M. oleifera aqueous)

Total initial weight (g) 139.99±3.87  143.5±2.36  144.09±2.65

Total final weight (g) 211.33±4.7  233.5±4.7* 248.96±2.3**

SGR (%/day) 0.686 0.811 0.911
*p=0.02, considered significant in comparison with control group.
**p=0.002, considered very significant in comparison with control group.

Table 2. Effect of dietary MOLs and their aqueous extract on growth and specific growth rate (SGR) 
of C. carpio fingerlings.

Items  Diet 1 (control) Diet 2 (Moringa oleifera leaves) Diet 3 (aqueous extract)

Total protein (g/dL) 4.6±0.11 6.3±0.2 ̂ ̂ 7.86±0.14 ̂ ̂ ̂

Albumin (g/dL) 1.66±0.12 1.1 ±0.05 0.7±0.1

Globulin (g/dL) 2.9±0.08 5.2±0.2 ** 7.16±0.03***

A/G ratio 0.57±0.2 0.19±0.003 0.08±0.008

Lysozyme (ug/mL) 111.1±0.3 121.2±0.4˜˜˜ 132.7±1.1˜˜˜
Total protein:  ̂ ̂ very significant (p=0.004) -  ̂ ̂ ̂ extremely  significant (p=0.0001).
Globulin: * very significant (p=0.001) -*** extremely significant (p=0.0001). 
Lysozyme: ˜˜˜ extremely significant (p=0.0001).

Table 3. Serum parameters of fish groups feed on MOLs and their aqueous extract.
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tionally, there was significant increase (p=0.0001) 
of lysozyme in all experimental groups compared 
to control group (d1), (Table 3).

Mitigation of Stress by Supplementation of 
MOLs and Their Aqueous Extract in the Diet 
of C. carpio Fingerlings

Water and plasma cortisol level

The results of cortisol in plasma and water as an indi-
cator for stress response to confinement showed that 
there was a significant reduction in cortisol level of 
group fed M. oleifera feed (d2), (in water; p꞊0.001 
and in plasma; p꞊0.007) and M. oleifera aqueous 
(d3), (in water; p꞊0.001 and in plasma; p꞊ 0.039) in 
comparison with control group (d1), (Table 4).

Behavioral response to stress 

Stress confinement posed less effect on fish fed 
M. oleifera feed (d2) and M. oleifera aqueous (d3) 
compared to control group (d1) (Figure 2). Figure 

2a showed that opercula movement number/min 
was significantly low in d2 (at 10th min; p꞊0.001, 
at 15th min; p=0.001 and at 20th min; p=0.001) and 
d3 (at 10th min; p꞊0.001, at 15th min; p=0.003 and 
at 20th min; p=0,037) than d1 fed fish. Similarly, 
fish fed d2 (p꞊0.001) and d3 (p꞊0.001) spent sig-
nificant shorter activity duration/min than that of 
d1 (Figure 2b). 

In this study, dietary incorporation of MOLs and 
their aqueous extract increased final weight and 
SGR of C. carpio fingerlings when fed the exper-
imental diets for a period of 60 days. These re-
sults are in agreement with those of Makkar and 
Becker, (1996) and Soliva et al., (2005). They re-
ported that MOLs are of high protein supplement 
for ruminants which is potentially available for di-
gestion due to a high proportion of pepsin soluble 
nitrogen (82-91%) and low proportion (1-2%) of 
acid detergent insoluble protein. Moreover, Abou-
Elezz et al., (2012) and Yuangsoi and Masumoto 
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Cortisol (ng/mL) Diet 1 (control) Diet 2 (Moringa oleifera leaves) Diet 3 (aqueous extract)

Water 24.24±2.7 10.26±2.2* 12.36±0.39*

Plasma 431.2±22.3 288 ±25.8* 229.7±34.9*
*Significant at p<0.05

Table 4. Effect of dietary MOLs and their aqueous extract on water and plasma cortisol level of of C. 
carpio fingerlings in response to confinement stress

Figure 2. a, b. Effect of MOLs and their aqueous extract on (a) opercular movement (number/min) and 
(b) locomotor activity duration/min of C. carpio fingerlings in response to confinement stress. Diet 1 
(control), diet 2(10 mg of MOLs/kg feed and diet 3 (20 mL of MOLs aqueous extract/Kg feed. Data 
described as means±SE, n=6, at p<0.05.
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(2012) proved that replacement of soybean meal 
protein by MOLs meal in carps led to increase 
protein digestibility, fish growth and feed conver-
sion ratio with no harmful effects on fish health. In 
this study, MOLs aqueous extract induced higher 
growth rate than MOLs, as the aqueous form re-
duced the anti-nutritional factors particularly sa-
ponins and tannins by 93% and 100% respectively 
(Makkar and Becker, 1999). 

These findings indicated that both MOLs and 
their aqueous extract increased serum total pro-
tein, globulin and lysozyme of C. carpio finger-
lings, with a more prominent effect of aqueous 
extract. There is a dearth of information on the 
use of MOLs and their aqueous extract as immune 
stimulant or their effect on serum biochemical pa-
rameters in fish. These findings are in agreement 
with Soumitra et al., (2004) but disagreed with 
Emmanuel et al., (2014) who proved that using 
of MOLs in rabbit ration giving normal values of 
total protein and globulin, which might be due to 
different species and doses.

Data revealed that MOLs and their aqueous extract 
supplementation in diet of C. carpio fingerlings pre-
sented a clear suppression in water and plasma cor-
tisol elevation after exposing to confinement. Simi-
larly, Prabsattroo et al., (2015) recorded that MOLs 
extract decreased plasma cortisol level in rats. 

These results indicated that measuring cortisol 
level in the water may be a useful tool in estimat-
ing the stress of fish under confinement conditions 
without disturbing fish for blood sampling. Ruane 
and Komen (2003) supported these findings. 

Data demonstrated the decrease in locomotor 
activity and opercular movement of fish fed di-
ets containing MOLs in response to confinement 
stress. Guhal, (2004) reported that MOLs extract 
decreased motor activity of rats. The observed be-
havioral alteration was accompanied with a prom-
inent decrease in water and plasma cortisol level. 
Similar correlation between cortisol level and fish 
behavior was reported by Øverli et al., (1999). In 
addition, Øverli et al., (2002) recorded that cor-
tisol has time- and context-dependent effects on 
behavior in teleost fish. Hence, cortisol may be not 
the only regulator to behavioral response of fish 
to stress.

MOLs were reported to have multi-target sites 
(Sutalangka et al., 2013). MOLs have antioxidant 
(Sreelatha and Padma, 2009), vasodilation (Dangi 
et al., 2002) and monoamine modulation effects 

such as dopamine, norepinephrine and serotonin 
(Ganguly and Guha, 2008). In early reports, re-
duction of serotonin was found to inhibit neuro-
endocrine and behavioral stress-responses in fish 
(Winberg et al., 1997). In addition, Das and Guha, 
(2007) assumed that locomotor behavior of rats 
may be increased by high level of serotonin. There-
fore, we hypothesize that MOLs decreased behav-
ior and cortisol level of C. carpio in response to 
confinement stress mediated by multi-target sites 
including modulation of neurotransmitters func-
tion. Further studies are required for correlation of 
effect of MOLs on brain monoamines, cortisol and 
behavior of fish.

The deleterious effects of confinement stress are 
known to affect many aspects of the fish’s physi-
ology including immune competence and growth 
rates (Barton 1997). Thus, mitigation effect of this 
stress using MOLs and its aqueous form is very 
important in the field of aquaculture for improving 
fish immunity and increase resistance of fish to ad-
verse environmental conditions and subsequently 
preventing diseases initiation.

CONCLUSIONS

The incorporation of MOLs and their aqueous 
extract in the diet of C. carpio fingerlings for 60 
days may be useful for improving growth, immu-
nity and stress effect mitigation in aquaculture. 
In addition, MOLs aqueous extract induced more 
marked effect on fish performance and stress re-
sistance than MOLs.
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