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A B S T R A C T

The impact of Mucuna pruriens (L.) seed meal diet on growth performance, innate immune response, and disease
resistance in Oreochromis mossambicus against Aeromonas hydrophila is reported for the first time. Infected O.
mossambicus was fed with 2 g kg−1, 4 g kg−1, and 6 g kg−1 of M. pruriens seed meal diets significantly increased
initial body weight (IBW) and final body weight (FBW) over control, for a period of 4 weeks. At 4 g kg−1 and
6 g kg−1 the enriched diet significantly (P < 0.05) enhanced the survival rate, weight gain (WG), protein
efficiency ratio (PER), specific growth rate (SGR), feed conversion ratio (FCR), and feed efficiency (FE) when
compared to the control; besides, from weeks 2–4 these diets significantly (P < 0.05) enhanced the complement
activity, phagocytic activity, respiratory burst activity, and lysosome activity. On being fed with 4 g kg−1 and 6 g
kg−1−enriched diets the cumulative mortality was lower (10% and 12%) than with 2 g kg−1 diet (24%). The
present investigation suggests that the enriched diet at 4 g kg−1 and 6 g kg−1 improved the growth performance
more than that of the control and negative control; it also positively enhanced the innate immunity and disease
resistance against A. hydrophilla in O. mossambicus. Hence M. pruriens can be used as a feed additive to stimulate
immunity for effective production of economically valuable freshwater fish, O. mossambicus.

1. Introduction

Aeromonas hydrophila, one of the aquatic Gram-negative bacterium,
is widely distributed throughout the world [1]; it comprises part of the
normal microbial flora of freshwater fish, but is an opportunistic pa-
thogen, being converted from a commensal to a pathogenic state under
stress conditions [2]. As a pathogen it is known to produce a variety of
symptoms, such as hemorrhagic septicemia, tail rot, fin rot, ulcer,
dropsy, abnormal distension in finfish, shellfish and affects other ver-
tebrates including human [3–6].

In aquaculture the application of traditional medicines to overcome
the drawbacks in the usage of chemical therapeutics is a relatively new
venture. In this regard chemotherapeutant like hormones, antibiotics,
vitamins, and chemicals have been tested as remedies. Even though
they give positive effects, they cannot be recommended due to their
residual and other side effects [7,8]. In this context the potential of the
natural mineral supplements or herbals with multifunctional active

principles are promising in sustaining eco-friendly aquaculture. The
herbal or natural bio-medical products in the aquaculture operations
have the characteristics of promoting growth, boosting the immunity,
and as appetizer. They increase food consumption, induce maturation,
and have antimicrobial and anti-stress characteristics that will be of
immense use in the culture of shrimps and other fin fishes with least
environmental hazards [9,10].

Many traditional herbals or their byproducts contain phenolic,
polyphenolic, alkaloid, quinone, terpenoid, lectine, and polypeptide
compounds, which are effective alternatives to antibiotics, chemicals,
vaccines, and other synthetic compounds. In addition, medicinal plants
are rich in a wide variety of nutrients [11]. They can be administered as
entire plant or parts (leaf, root or seed) or extract compounds, via water
routine or feed additives, either singly or as a combination of extract
compounds, or even as a mixture with prebiotics or other im-
munostimulants [9,10].

The plant M. pruriens is a tropical legume native to Africa and
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tropical Asia and widely naturalized and cultivated. Its English common
names include velvet bean, Bengal velvet bean, Florida velvet bean,
Mauritius velvet bean, Yokohama velvet bean, cowage, cowitch, lacuna
bean, and Lyon bean. It has been studied for its effects against bites by
Naja spp. (cobra), Echis (Saw scaled viper), Calloselasma (Malayan Pit
viper) and Bangarus (Krait). It has long been used in traditional
Ayurvedic Indian medicine in an attempt to treat diseases including
Parkinson's disease and neural disorders. M. pruriens is a widespread
fodder plant in the tropics. The whole plant is fed to animals as silage,
dried hay or dried seeds. M. pruriens silage contains 11–23% crude
protein, 35–40% crude fiber; the dried beans have 20–35% crude pro-
tein. Traditionally the seeds of M. pruriens have been used for treating
many dysfunctions in Unani Medicine; it is also used in Ayurvedic
medicine in the traditional medicine of Indian Subcontinent. In the
recent yearsM. pruriens is gaining importance because of its potential as
a dietary protein source for animal feeds. This less expensive plant
protein source can replace the conventional fish meal to augment the
nutritional quality of fish feed [12].

The incorporation of whole plant or parts (leaf, root or seed) or
extract compounds with animal feeds significantly enhances the growth
performance, innate immune response, and disease resistance in several
finfish and shellfish [13–16]. Traditional Chinese medicines had a
beneficial effect on the growth of common carp [17]. The herbal mix-
ture of Massa medicata fermentata, Crataegi fructus, Artemisia capillaries,
and Cnidium officinale enhanced the growth and fatty acid utilization in
Japanese flounder [18]. Diets supplemented with Ocimum sanctum and
Withania somnifera improved the growth and FCR of juvenile greasy
groupers [19]. The dietary ginseng herb (Ginsana® G115) enhanced the
growth performance and food utilization efficiency of Nile tilapia [20].
The survival and growth of Epinephalus tauvina increased when fed with
five herbal extracts (Cynodon dactylon, Piper longum, Phyllanthus niruri,
Tridax procumbens and Zingiber officinalis) [21]. To the best of our
knowledge, this is the first study focusing on effects of M. pruriens seed
meal on growth performance, innate immune function, and disease
resistance in O. mossambicus against A. hydrophilla.

2. Materials and methods

2.1. Diet

The fish diet ingredients were presented in Table 1. M. pruriens was
incorporated (four experimental diets) with the basal diet at 2, 4, and
6 g kg−1 by evenly mixing with the basal diet thoroughly. The enriched
feeds were dried in a vacuum freeze drier for 15 h, ground, and

extruded by passing through 5 mm mesh sieve. The prepared diets were
stored at −20 °C until used for the experiment. The proximate com-
position of the experimental diets quantified following [22] method.

2.2. Pathogen

A. hydrophila (MTCC 646) was obtained from Institute of Microbial
Technology in Chandigarh, India was isolated from infected fish. The
reisolation, culture and determination of pathogenicity of A. hydrophila
was confirmed by according to [23–26].

2.3. Fish and experimental design

The freshwater fish, O. mosambicus (30.5 ± 1.7 g) were procured
from a commercial fish farm and were examined for their health status
immediately upon arrival. The fish were maintained in 60 L aerated
fiber tanks. After two week's acclimation, the fish were divided into five
experimental groups of 25 each in triplicate (5 × 25 x 3 = 375 fish);
they were grouped into six and they were fed as: (i) non-infected con-
trol group fed control diet (C), (ii) infected group, fed with control diet
(I), (iii) infected, fed with 2 g kg−1 (iv) 4 g kg−1, and (v) 6 g kg−1 of M.
pruriens seed meal supplementation diet at the rate of 5% of their body
weight twice a day. Feeding with the respective diets continued till the
end of experiment; on the 30th day, all group except control group were
challenged intraperitoneally (i.p.) with 100 μl PBS containing A. hy-
drophila at a concentration of 3.1 × 107 cfu ml−1 as determined by a
Neubauer haemocytometer. On weeks 1, 2, and 4 post-infection, six fish
were randomly chosen from each experimental tank to collect blood
samples for growth performance and immunological assays after an-
aesthetizing with MS-222 (NaHCO3 and tricaine methane sulphonate;
Sigma Chemicals) 1:4000 in dechlorinated water for 2 min.

2.4. Growth performance

The growth performance, including, the percentage weight gain
(RGR), specific growth rate (SGR), feed conversion ratio (FCR), and
protein efficiency ratio (PER) for each group were determined ac-
cording to the following formula:

Specific growth rate (SGR) = (Ln Final weight - Ln Initial weight)/
No of days in trial × 100.

Feed conversion ratio (FCR) = Feed given (dry wt)/Weight gain
(wet weight).

Protein efficiency ratio (PER) = wet weight gain by fish (g)/Protein
intake (g).

2.5. Preparation of serum and preparation of head kidney macrophages

O. mosambicus were sacrificed with an overdose of anesthetic and
exsanguinated by caudal vein puncture using 1 ml capacity Vacuettes
containing a Z Serum Sep Clot Activator (Greiner Bio-one). The col-
lected blood samples were kept separately and were maintained at
−70 °C until used for the experiment. The blood was allowed to clot for
2 h at 4 °C and the serum was separated by centrifugation at 3500g for
25 min at 4 °C. The samples were maintained at −70 °C for subsequent
analysis. The head kidney macrophages were isolated and prepared for
the evaluation of immunological parameters according to [27].

2.6. Immunological assays

The phagocytic activity of blood was determined following [28].
Reactive oxygen species (ROS) production of the intracellular re-
spiratory burst activity was measured by NBT method according to
[28]. The alternative complement activity was examined by the fol-
lowing method of [29] using rabbit red blood cells (RBC; Oxoid); the
lysozyme activity was determined by turbidimetric assay as described
by Ref. [28].

Table 1
Ingredients and proximate composition of the experimental diets.

Ingredients (g Kg−1) Diets groups (%)

C I 2 g Kg−1 4 g Kg−1 6 g Kg−1

Mackerel meal 55 55 55 55 55
Dehulled soybean meal 12 12 12 12 12
Corn gluten meal 5 5 5 5 5
Wheat flour 12 12 12 12 12
α-potato starch 2 2 2 2 2
Wheat gluten 6 6 4 2 0
Fish oil 5 5 5 5 5
Vitamin premix (mg)a 2 2 2 2 2
Mineralpremix (mg)b 1 1 1 1 1
Selected herbal supplement

(Experimental supplement)
0 0 2 4 6

a Vitaminpremix per kg: Vitamin A = 700000 IU; Vitamin D = 140000 IU; Vitamin
E = 500 mg; Vitamin B12 = 1000 mcg; FolicAcid = 100 mg; Nicotinamide = 1000 mg.

b Mineralpremix per kg:Copper = 1200 mg; Cobalt = 150 mg; Iron = 1500 mg;
Zinc = 3000 mg; Iodine = 325 mg; Selenium = 10 mg; Magnesium = 6000 mg;
Manganese = 1500 mg; Potassium = 100 mg; Calcium = 270 gm;
Phosphorus = 130 gm; Sulphur = 7.2 gm; Fluorine = 300 mg.
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2.7. Challenge study

After 30th day of feeding, 20 fish in each group were challenged
with virulent A. hydrophila. The bacterial culture, challenge study, and
the concentration of bacterial suspension were done as mentioned
previously. Mortality was observed for 30 days. The tissues were col-
lected from the dead fish for bacteriological study to confirm the cause
of death due to A. hydrophila. The cumulative and relative percent
survival (RPS) in different treatment groups were calculated as fol-
lowed by Ref. [30].

Cumulative mortality (%) = Total mortality in each treatment after
challenge/Total number of fish challenged for same treatment × 100.

Relative percent survival (RPS) = 1- (% of mortality in treated
group)/(% of mortality in control group) × 100.

2.8. Statistical analysis

The data of each parameter were expressed as the mean ±
standard error of mean (SEM) and the effects of experimental diets
were tested using one-way analysis of variance (ANOVA) followed by
Tukey's pairwise comparison test using SPSS (version 16 for windows).
Differences were considered statistically significant when P < 0.05.

3. Results

3.1. Growth performance and feed utilization

Growth performance of O. mossambicus fed with M. pruriens seed
meal enriched diets at 2, 4, and 6 g kg−1 were measured at the end of
fourth week (Table 2). All the enriched diet fed groups were found
active and healthy. Among the experimental diets 6 g kg−1 M. pruriens
seed enriched diet group showed the maximum (93.5%) survival rate,
whereas the minimum was observed 92.3% in 2 g kg−1 group. At the
end of the feeding trial, the infected fishes fed with 4 g or 6 g kg−1 M.
pruriens seed meal enriched diets showed better growth rate. A sig-
nificant (P < 0.05) difference was found in the growth performance
across the different concentrations of M. pruriens seed meal enriched
diets. However, significant (p < 0.05) increase in the feed conversion
ratio (FCR), specific growth rate (SGR), feed efficiency (FE), and protein
efficiency ratio (PER) were observed in fish fed with 4 g or 6 g kg−1 M.
pruriens seed meal enriched diets over the control group (Tables 2).

3.2. Phagocytic activity

In first week, the phagocytic activity in head kidney leucocytes did
not significantly vary in 6 g kg−1 M. pruriens seed meal enriched diet
fed group, however the phagocytic activity was significantly elevated
on weeks 2 and 4 (P < 0.05) of 4 g or 6 g kg−1 M. pruriens seed meal
enriched diets, when compared to the control but not with 2 g kg−1 M.
pruriens seed meal enriched diet (Fig. 1).

3.3. Complement activity

The complement activity was significantly increased (P < 0.05) in
the infected group fed with 4 g and 6 g kg−1 M. pruriens seed meal
enriched diets on weeks 2 and 4 when compared to control, whereas a
moderately increased of complement activity in 2 g kg−1 M. pruriens
seed meal enriched diet from weeks 1–4 (Fig. 2).

3.4. Respiratory burst activity

The respiratory burst activity of phagocytes was significantly en-
hanced (P < 0.05) in 4 and 6 g kg−1 M. pruriens seed enriched diets on
weeks 2 and 4. However, the respiratory burst activity did not sig-
nificantly enhance (P > 0.05) any enriched diet on first week (Fig. 3).

3.5. Lysozyme activity

The lysozyme activity was significantly increased (P < 0.05) in
6 g kg−1 M. pruriens enriched diets from weeks 1–4 whereas, moderate
increment was noted in 4 g kg−1 group when compared to control but
did not in 2 g kg−1 M. pruriens seed meal enriched diet at any time
(Fig. 4).

3.6. Disease resistance

The cumulative mortality was 10% and 12% in infected fish fed
with 4 and 6 g kg−1 M. pruriens seed meal enriched diet groups. The
mortality was high (24%) when group fed with 2 g kg−1 M. pruriens
seed meal enriched diet. However, the maximum mortality was ob-
served (90%) when infected fish were fed with non M. pruriens seed
meal enriched diet group for 30 days (Fig. 5).

4. Discussion

In aquaculture, the application of traditional medicine is more ad-
vantageous to overcome the drawbacks of traditional chemotherapy
since application of natural mineral supplements or herbals with multi-
functional active principles can be ideal alternatives. In the present
study a pioneering attempt was made to document the impact of dietary
administration ofM. pruriens seed meal to enhance the growth, survival,
and immuno-modulatory response of O. mossambicus against A. hydro-
phila. To our knowledge so far there are no detailed studies on growth
performance and immune response in aquatic species using this sup-
plementation diet. The optimum feeding regimes/schedules of cultured
fish is an important aspect in achieving efficient production besides
being cost effective. Diet supplementation is an important aspect in
aquaculture management especially in intensive or in semi-intensive
fish culture, and is a promising aspect with reference to plant products
for increasing fish production. In aquaculture, diet is often the single
largest operating cost item and can represent over 50% of the operating
costs in intensive aquaculture.

In aquaculture, various growth-promoting additives are commonly

Table 2
Mean growth performance and feed utilization after fourth week of O. mossambicus fed M. pruriens seed meal supplementation diets against A. hydrophila.

Parameter Control I 2 g kg−1 4 g kg−1 6 g kg−1

IBW(g) 30.5 ± 1.2 29.2 ± 1.2 30.8 ± 1.1* 31.4 ± 2.2* 31.9 ± 1.4*
FBW(g) 40.9 ± 1.5 32.8 ± 1.8 48.3 ± 2.3* 50.1 ± 2.4* 50.9 ± 2.2*
SGR (% d−1) 2.00 ± 0.02 0.90 ± 0.01 2.18 ± 0.02 2.96 ± 0.05* 3.16 ± 0.02*
FCR 0.70 ± 0.02 0.87 ± 0.02 0.70 ± 0.02 0.66 ± 0.03* 0.66 ± 0.03*
FE 2.06 ± 0.02 1.30 ± 0.03 1.85 ± 0.02 1.27 ± 0.03* 2.30 ± 0.02*
PER 4.10 ± 0.03 2.00 ± 0.04 3.19 ± 0.02* 3.43 ± 0.02* 4.28 ± 0.02
Survival rate (%) 100 ± 0.0 12.8.7 ± 0.10 92.3 ± 0.14 92.6 ± 0.12 93.5 ± 0.14

The values are expressed as mean ± standard errors of mean. Means in a given row with different superscript letters were significantlydifferent at P < 0.05 *.
IBW = Initial body weight, FBW = Final body weight, SGR = Specific growth rate, FCR = Feed conversion ratio, FE= Feed efficiency ratio, PER = Protein efficiency ratio.
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added to the diets to improve the nutrient utilization, growth perfor-
mance, and survival of cultured fish. Dietary supplements include
probiotics, yeast, amino acids, antioxidants, carnitine, colourants, en-
zymes, lipid derivatives, nutraceutics, vitamins, hormones, aromatic
compounds, plant extracts and certain organic acids/salts [20]. In Nile
tilapia diets enriched with A. sativum significantly increased the sur-
vival rate [31], weight gain (WG), specific growth rate (SGR), feed

efficiency ratio (FER) and decrease the feed conversion ratio (FCR) as
suggested by Refs. [31–33]. A similar effect have been reported in this
species fed with diets enriched with the extract of ginseng [20] or E.
purpurea [31,33]. O. mossambicus fed with a diet supplemented with
acetone extract of A. marmelos, C. dactylon, W. somnifera or Z. officinale
which increased SGR [34].

In the present study in groups fed with different concentrations of

Fig. 1. Phagocytic activity (%) of O. mossambicus (mean ± SEM, n = 6) fed dietary supplementation diets with different concentrations (2, 4, and 6 g kg−1) of M. pruriens against A.
hydrophila. Significant difference (P < 0.05) from the control is indicated by asterisks.

Fig. 2. Complement activity of O. mossambicus (mean ± SEM, n = 6) fed dietary supplementation diets with different concentrations (2, 4, and 6 g kg−1) of M. pruriens against A.
hydrophila. Significant difference (P < 0.05) from the control is indicated by asterisks.

Fig. 3. Respiratory burst (RB) activity of O. mossambicus (mean ± SEM, n = 6) fed dietary supplementation diets with different concentrations (2, 4, and 6 g kg−1) of M. pruriens against
A. hydrophila. Significant difference (P < 0.05) from the control is indicated by asterisks.
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M. pruriens seed meal enriched diets showed significantly enhanced the
growth performance. Among the enriched diet 4 and 6 g kg−1 M.
pruriens seed meal enriched diets showed the better growth perfor-
mance than that of 6 g kg−1 M. pruriens seed meal enriched diet when
compared to control diet group. Recently [35], has been reported that
the M. pruriens seed meal significantly enhances growth performance,
metabolic activity, and immune response in Labeo rohita. At the same
time [12], stated that the higher inclusion rate of M. pruriens seed meal
significantly reduced the growth parameters in Cyprinus carpio because
most of the plant-based feed stuffs have a wide variety of anti-nutri-
tional factors such as phytin, non-starch polysaccharides (NSP) and
protease inhibitors, which may impair nutrient utilization, as well as
impair fish growth performance and health [36].

Enhancement of the immune system is the most promising strategy
in preventing fish diseases. The nonspecific immune system of fish is
considered to be the first line of defense against invading pathogens,
and is more important for fish rather than mammals [37]. The non-
specific immune response depends upon the function of serum and
macrophage activity such as phagocytosis and chemotaxis. Phagocytic
cells are the most important cellular components of the innate immune
system of fish [38]; their phagocytic activity constitutes a primitive
defense mechanism [39] which is an important characteristic of the
nonspecific immune system [40]. In the present study, infected O.
mosambicus fed with 4 g kg−1 and 6 g kg−1 M. pruriens enriched diets
were able to significantly enhance the phagocytic activity of leukocytes
on weeks 2 and 4. However, no significant effect was found with any
diet during first week.

In the present study the complement activity was significantly

enhanced on fish groups fed 4 g kg−1 and 6 g kg−1 of M. pruriens seed
meal enriched diets on weeks 2 and 4. It did not significantly enhanced
with any diet on first week. The complement system is a major anti-
microbial defense system of innate immunity, providing vital host de-
fense, especially early after infection before adaptive immunity is ac-
tivated. It is crucial for phagocytes recruitment, clearance of invading
pathogens, and elimination of altered cells. It serves as a bridge be-
tween innate immunity and adaptive immunity [35,38]. The comple-
ment system consists of more than 30 soluble and membrane-bound
proteins, which interact with one another and form a highly regulated
complement cascades [38,40]. Although the complement system is
under strict control, there are still potential risks of damaging the host
cells. In order to maintain homeostasis of the organism, a set of com-
plement regulatory proteins are responsible for avoiding excessive host
responses after microbial infection.

In the present study, infected O. mosambicus fed with 4 g kg−1 and
6 g kg−1 M. pruriens enriched diets were able to significantly enhance
the respiratory burst activity whereas it did not with any diet on first
week. The respiratory burst (sometimes called oxidative burst) is the
rapid release of reactive oxygen species (superoxide radical and hy-
drogen peroxide) from different types of cells. Stimulation of the pha-
gocytic cell membrane and thereby activation of the membrane asso-
ciated NADPH oxidase, initiates an increased oxygen consumption and
the production of reactive oxygen species (ROS) which are considered
to be toxic for bacterial pathogens [34].

Lysozyme is a cationic protein that is present in mucus, lymphoid
tissue, plasma as well as in other fluids and is also expressed in a wide
variety of tissues [41]. In fish, lysozyme is synthesized in both liver and

Fig. 4. Lysozyme activity of O. mossambicus (mean ± SEM, n = 6) fed dietary supplementation diets with different concentrations (2, 4, and 6 g kg−1) of M. pruriens against A.
hydrophila. Significant difference (P < 0.05) from the control is indicated by asterisks.

Fig. 5. Cumulative mortality (%) of O. mossambicus (n = 20) fed dietary supplementation diets for 30 days with difference concentrations (2, 4, and 6 g kg−1) of M. pruriens against A.
hydrophila.
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extra hepatic sites [38] and involved in a broad range of defense me-
chanisms such as bacteriolysis, opsonisation, immune response, anti-
microbial as well as restricted antiviral and antineoplastic activity as
found in higher vertebrates [35,37,39]. In the present study, infected O.
mosambicus fed with 4 g kg−1 and 6 g kg−1 M. pruriens enriched diets
were able to significantly enhance the lysozyme activity during the
experimental period but did not shown in 2 g kg−1 M. pruriens enriched
diet at any time. The low cumulative mortality was found 10% and 12%
in infected fish fed with 4 and 6 g kg−1 M. pruriens enriched diet
groups. Present study clearly demonstrated that this seed meal enriched
diets, enhances the growth performance and immune response against
A. hydrophila.

According to several researchers, M. pruriens seed meal contains
30–40% of protein, 18% Raffinose (Prebiotic), α-amylase inhibitor ac-
tivity, and haemagglutinating activity (Lectin). In view of M. pruriens as
a growth enhancer, the principal reason is the presence of prebiotic
which is Raffinose. Prebiotic is essential for the enhancement of fish gut
microbiome to facilitate for the secretion digestive enzymes. Feed in-
take induced by α-amylase.

Lectin is a haemagglutinating protein of non-immune origin which
binds with mono- and oligosaccharides and reversibly with high spe-
cificity. It is similar to antibodies they also precipitate polysaccharides
and glycoproteins. It enhances the leukocytes to the inflammatory sites
and cell-cell interaction. Lectins also act as a recognition determinant in
several biological processes mainly clearance of glycoproteins from the
circulatory system and adhesion of infectious pathogens to host cells.
Hence, the lectin and raffinose of M. pruriens seed meal may be the
factor responsible for the growth and immune resistance against pa-
thogen. To best of our knowledge, there are no detailed immunological
studies in aquatic species using enriched diet with M. pruriens seed
meal. Based on our study we conclude that M. pruriens can be used as
feed additive in stimulating immunity for effective production of eco-
nomically valuable freshwater fish, O. mossambicus against bacterial
disease. Further detailed immunological and molecular studies are
needed to strengthen the role of this herbal compound in aquaculture
before recommending the M. pruriens seed meal enriched diets as a
potential immunostimulant in other cultured fish species.
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