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Abstract Healthy Labeo rohita (mean bodyweight of 20.1 g) were divided into four

groups before being fed for 60 days on diets supplemented with 0 (control), 20 (E1), 30

(E2), or 40 (E3) mg kg-1 emodin. Various growth and immune parameters were measured

after 15, 30, 45, and 60 days of feeding. Fish fed E2 diet exhibited accelerated (p\ 0.05)

weight gain after 30–60 days of feeding. The most significant improvements (p\ 0.05) in

immune parameters, such as lysozyme activity, alternative complement pathway activity,

respiratory bursts activity, phagocytic activity, superoxide dismutase activity, and my-

loperoxidase activity, were observed in the E2-fed group after 30 and 45 days of feeding.

However, fish groups fed E2 or E3 diets exhibited significantly lower malondialdehyde,

aspartate aminotransferase, and alanine aminotransferase activities than did the control

group after 30 and 45 days of feeding. The IgM level was significantly elevated in

treatment groups after 30 and 45 days of feeding. Further, fish fed E2 diet for 45 days had

the highest (p\ 0.005) post-challenge survival rate (83.3 %), followed by fish fed E2 diet

for 30 days (75 %). Therefore, dietary feeding of emodin at 30 mg kg-1 to L. rohita for

30–45 days is optimal to enhance the immunity and disease resistance against A.

hydrophila.
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Abbreviations
ACP Alternative complement pathway

ALT Alanine aminotransferase

AST Aspartate aminotransferase

FCR Feed conversion ratio

FI Feed intake

HASMC Human aortic smooth-muscle cell

IgM Immunoglobulin M

LA Lysozyme activity

LD50 Lethal dose 50 %

MDA Malondialdehyde

MPO Myeloperoxidase

PA Phagocytic activity

PBS Phosphate buffer saline

RBA Respiratory burst activity

SOD Superoxide dismutase

TNF-a Tumor necrosis factor-alpha

WG Weight gain

Introduction

Freshwater fish dominate global aquaculture production (56.4 %), with carp being the most

commonly raised species (71.9 %; 24.2 million tons in 2010) (FAO 2012). Indian aqua-

culture mainly consists (*70 %) of three carp species: Labeo rohita, Catla catla, and

Cirrhinus mrigala (FAO 2012). In intensive aquaculture, fish often encounter high tem-

peratures, poor water quality, and overcrowding. These conditions result in poor phys-

iological environments, which increase the susceptibility of fish to infections (Ming et al.

2012). Disease outbreaks are potential constraints on aquaculture and cause huge economic

losses and reduced profit margins through mortality or inferior meat quality (Smith et al.

2003). The most frequently encountered bacterial pathogen, Aeromonas hydrophila,

severely damages carp production (Giri et al. 2013). Traditionally, antibiotics, vaccines,

and chemotherapeutics have been used for disease control. However, the use of antibiotics

for disease control leads to the development of drug-resistant pathogens, environmental

hazards, and food safety problems (Austin and Austin 2007). Moreover, A. hydrophila is a

heterogeneous species with variable antigens, which makes vaccine development ex-

tremely difficult (Yin et al. 2009). Vaccines against specific pathogens have been devel-

oped with varying degrees of success, but the wide range of pathogens in fish farming

limits the practicality of vaccines (Harikrishnan et al. 2011). Therefore, there is an urgent

need to develop natural or eco-friendly therapeutics, such as immune-stimulants, probi-

otics, and therapeutics from plants (Liu et al. 2012).

Several herbs are being used as therapeutic agents for controlling diseases in aqua-

culture. A number of materials and products from species including Astragalus radix,

Ganoderma lucidum (Yin et al. 2009), Rheum officinale (Xie et al. 2008; Liu et al. 2012),

Allium sativum (Sahu et al. 2006), Withania somnifera (Sharma et al. 2010), Styrax

japonica (Harikrishnan et al. 2011), and Achyranthes aspera (Rao et al. 2006; Sheikhzadeh

et al. 2012) have been reported to enhance the immunity of fish against diseases.
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Emodin (1,3,8-trihydroxy-6-methyl-anthraquinone), a medicinal extract present in

many herbs such as Aloe barbadensis, R. officinale, Cassia angustifolia, Polygonum

multiflorum, and Polygonum cuspidatum, has been used as traditional medicine in eastern

Asia and shows promise as an immunostimulant (Zhang et al. 2014a). Heo et al. (2008)

demonstrated that emodin inhibits tumor necrosis factor-alpha (TNF-a)-induced human

aortic smooth-muscle cell (HASMC) proliferation via caspase- and mitochondrial-depen-

dent apoptotic pathways. Their results indicate that emodin has potential as an anti-

atherosclerosis agent. Many properties have been reported for emodin, such as anti-bac-

terial activity against A. hydrophila (Zhang et al. 2014b), anti-inflammatory effects against

carrageenan-induced edema in rats (Chang et al. 1996), hepatoprotective ability against

acetaminophen-induced toxicity in albino rats (Bhadauria 2010), and regulation of immune

responses in human mesangial cells (Kuo et al. 2001). A few investigations have

demonstrated the effects of emodin on growth and immune responses in aquatic animals. In

Wuchang bream (Megalobrama amblycephala), dietary supplementation with emodin

upregulated the expression of two HSP70s mRNA and promoted growth, non-specific

immunity, and antioxidant capacity (Ming et al. 2012). Supplementation with 1–2 % an-

thraquinone extract promotes growth, mitigates the negative effects of stress due to

crowding, and enhances the resistance against pathogenic infection in Cyprinus carpio var.

Jian (Xie et al. 2008). However, there is no report regarding the effects of emodin on the

growth, immune responses, and disease resistance of the major carps in Indian aquaculture.

The effect of oral immunostimulants on the immune response depends on the dose of

the immunostimulant and the duration with which it is fed to the aquatic animals (Zhang

et al. 2014a). Therefore, the present study was designed to investigate the effects of dietary

supplementation with different doses of emodin on the growth performance and immune

parameters of L. rohita fingerlings. Resistance to A. hydrophila infection of L. rohita

fingerlings fed emodin-supplemented diets was also investigated.

Materials and methods

Diet preparation

Basal diet preparation is described in Giri et al. (2012). Proximate analysis (AOAC 1997)

of the basal diet revealed a composition of 37.1 % protein, 8.7 % lipid, and 12 % ash. The

basal diet was considered the control diet. Three experimental diets (E1, E2, and E3) were

prepared with the addition of 20, 30, and 40 mg kg-1 emodin, respectively, which was

extracted from Frangula bark (Sigma-Aldrich, USA). All ingredients were mixed, blended

thoroughly, pelleted, air-dried, ground, and sieved into proper pellet size. All feed was

stored at -20 �C until use.

Experimental design

L. rohita fingerlings (mean bodyweight: 20.1 ± 0.07 g) were obtained from Mannal

freshwater fish farm, Thanjavur, Tamil Nadu, and acclimatized to laboratory conditions for

2 weeks in 500 l plastic quarantine tanks at 27 ± 2 �C. Fish were fed with basal diet

during the acclimatization period. About 20 % of the water in all tanks was exchanged

daily, and 100 % of the water was exchanged once a week. Basic physiochemical pa-

rameters of the water were measured every week (APHA, AWWA, WEF 1998). The O2
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and ammonia concentrations ranged from 6.1 to 7.3 mg l-1 and 0.03–0.06 mg l-1 ppm,

respectively, and pH ranged from 7.0 to 8.0 throughout the study period.

Fish were randomly divided into four experimental groups across 12 tanks (3

tanks/group; 200 l water/tank). Each tank was stocked with 50 fish. Fish were fed with one

of the four diets (basal diet, E1, E2, or E3) for 60 days. Fish were fed thrice per day (7:00,

12:00, and 18:00) at the rate of 2–4 % of body weight. The amount of feed consumed was

determined by daily recovery of excess feed, and the amount of feed provided was adjusted

every 15 days by batch weighing after 24 h of starvation (Sun et al. 2010).

Growth performance

Five fish were randomly selected from each tank (i.e., 5 fish 9 3 tanks = 15 fish per

group) after 0, 15, 30, 45, and 60 days of experimental feeding and batch weighed to

estimate growth performance. Growth performance was calculated using the following

formulas:

weight gain WG; g/fishð Þ ¼ Wt�W0

feed conversion ratio FCRð Þ ¼ FI/ Wt�W0ð Þ

where t is the duration of feeding (in days), FI is feed intake and Wt and W0 are final and

initial fish weight, respectively.

Sample collection

Sampling occurred after 15, 30, 45, and 60 days of experimental feeding. For each sample,

three fish were collected randomly from each tank (i.e., 3 fish 9 3 tanks = 9 fish per

group) for immunological assays. Blood samples were collected by caudal venipuncture

using a 1-ml syringe after anesthetizing the fish with diluted MS222 (Sigma-Aldrich,

USA). Blood samples were transferred into Eppendorf tubes and centrifuged at 20009g for

10 min at 4 �C. Obtained blood leukocytes and plasma were stored at -20 �C for further

analysis.

Head kidney macrophages were isolated from nine fish per dietary group using the

method of Secombes (1990) with the modifications made by Geng et al. (2012). Harvested

cells were adjusted to 1 9 107 cells ml-1 for the assay.

Immunological assays

Lysozyme activity

Lysozyme activity (LA) was measured according to the method described by Ellis (1999).

One unit of LA was defined as the amount of enzyme required to decrease absorbance by

0.001 min-1 ml-1 serum.

Alternative complement pathway (ACP) activity

ACP activity (ACH50) was determined and calculated using the method of Yano et al.

(1992). The volume of serum producing 50 % hemolysis (ACH50) was determined, and the

number of ACH50 U ml-1 was calculated for each group.
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Respiratory burst activity (RBA)

The RBA of phagocytes was measured using the nitroblue tetrazolium (NBT, Sigma-

Aldrich) assay following the method of Secombes (1990) with previously described

modifications (Geng et al. 2012). Color development was measured at 630 nm with a

spectrophotometer. KOH/DMSO was used as a blank.

Superoxide dismutase (SOD) and malondialdehyde (MDA) assay

SOD activity was determined with an enzymatic assay method using a reagent kit (Randox,

Crumlin, UK), as described in Sun et al. (2010). MDA content was measured using

barbituric acid reaction chronometry (Drape et al. 1993).

Phagocytic activity (PA)

PA of head kidney macrophages was determined following the method of Geng et al.

(2012). The number of phagocytic cells per 100 adhered cells was microscopically de-

termined. PA was calculated using the formula:

PA ¼ phagocytic leucocytes/total leucocytesð Þ � 100:

Total myeloperoxidase (MPO) activity

Total MPO activity in peripheral blood leukocytes was measured using the method de-

scribed by Zhang et al. (2014a).

Immunoglobulin M (IgM) activity

Plasma total IgM levels were measured following the method described by Sharma et al.

(2010). Total immunoglobulin was expressed as U mg-1.

Blood biochemical parameters assay

Plasma aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were esti-

mated using commercial kits (Shahsavani et al. 2010).

Challenge test

The 7-day lethal dose 50 (LD50) for A. hydrophila MTCC-1739 was 107 cfu ml-1 as

determined earlier in our laboratory (Giri et al. 2012). Challenge tests were conducted at

15, 30, 45, and 60 days post-feeding. For each test, four fish from each tank (i.e., 4 fish 9 3

tanks = 12 fish per group) were collected and injected intraperitoneally with 100 ll of

phosphate-buffered saline (PBS) containing 1 9 107 live A. hydrophila. Another group of

12 fish (fed the basal diet during the feeding trial) were injected with 100 ll PBS and

considered as negative control. The challenged fish were kept under observation for

15 days and fed basal diet. The mortality of fish in each tank was observed over the course

of 15 days.
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Statistical analysis

One-way analysis of variance (ANOVA) was used to analyze the data. Multiple com-

parisons were performed with Tukey’s test to analyze the differences between treatments.

All statistical analyses were performed using the OriginPro software (version 8; OriginLab

Corporation, Northampton, U.S.A). The level of significance was set at p\ 0.05, and the

results are expressed as mean (S.E.M).

Results

Growth parameters

The results of the growth parameters (n = 15) study revealed that fish fed E2 diet for

30–60 days exhibited significantly higher WG than the control. The highest and second-

highest WGs were recorded in fish that were fed E2 diet for 45 and 30 days, respectively

(p\ 0.05) (data not shown). Fish fed E3 diet had significantly higher WG only when fed

for 30 days. The FCR was lower in the E2- and E3-fed groups, but the variation was not

significant.

Immunological parameters

Fish that were orally supplemented with dietary emodin showed differences (p\ 0.05) in

specific and non-specific immune responses. A significantly higher LA was observed only

in the E2- and E3-fed groups after 30 and 45 days of feeding (Table 1). The highest LA

was observed in the E2-fed group after 45 days of feeding. The ACP activities in the

emodin-fed groups were significantly higher after 30 and 45 days of feeding as compared

to the control (Table 1). The maximum ACP activity was observed in the E2-fed group

after 45 days of feeding. The RBA in the E2- and E3-fed groups was significantly higher

than the control group after 30 and 45 days of feeding (Fig. 1a). After 45 days, emodin had

no significant effect on RBA in fish. The PA (%) was found to be significantly higher in the

E2- and E3-fed groups compared to the control during the entire trial period, and the

highest PA was observed in the E2-fed group after 45 days of feeding (Fig. 1b). The MPO

activity was significantly higher in the E2- and E3-fed groups after 15 and 45 days of

feeding, compared to the control (Fig. 1c). The highest MPO activity was measured in fish

fed E3 diet for 45 days. Regarding the plasma IgM level, a significant increase (p\ 0.05)

was observed in the emodin-fed groups after 30 and 45 days of feeding (Table 2), and the

highest level was in the E2-fed group after 30 days of feeding. The lowest IgM level was

observed in the E3-fed group at the end of the trial.

Antioxidant parameters

The SOD activity was significantly higher in the E2-fed group after 30, 45, and 60 days of

feeding than in the control (Fig. 2a). The highest SOD activity was observed in the E2-fed

group after 45 days of feeding. Significantly lower MDA activities were observed in the

E2- and E3-fed groups after 30 and 45 days of feeding (Fig. 2b). Emodin feeding had no

significant effect on MDA activities at 15 and 60 days of feeding (Fig. 2b).
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Fig. 1 Respiratory bursts activity (a), phagocytic activity (b), and myloperoxidase activity (c) of Labeo
rohita fed with graded level of emodin. Data are expressed as mean ± SEM (n = 9). A significant
difference compared with the control value is indicated by asterisk (*p\ 0.05)
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Table 2 Immunoglobulin (IgM) activity observed on different sampling days after feeding emodin-sup-
plemented diets in Labeo rohita

Diet (emodin level) Immune response

IgM (mg ml-1)

15 days 30 days 45 days 60 days

Control 3.8 ± .12a 4.03 ± .06a 4.16 ± .14a 4.5 ± .05a

E1(20 mg kg-1) 3.91 ± .03ab 4.8 ± .15b 4.5 ± .17bd 4.72 ± .18a

E2 (30 mg kg-1) 4.06 ± .14ab 7.76 ± .08d 6.83 ± .19c 4.93 ± .09a

E3 (40 mg kg-1) 4.25 ± .05b 6.93 ± .03c 5.06 ± .16d 3.7 ± .11b

Data are expressed as mean ± SEM (n = 9) at the same sampling day with different superscript letters as
significantly difference (p\ 0.05)
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Fig. 2 Superoxide dismutase (a) and malondialdehyde activity (b) of Labeo rohita fed with graded level of
emodin. Data are expressed as mean ± SEM (n = 9). A significant difference compared with the control is
indicated by asterisk (*p\ 0.05)
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Blood biochemical parameters

The plasma AST and ALT activities in emodin-fed groups were lower than in the control

group at all sample points (Table 3). Significantly lower AST and ALT activity was

recorded in the E2- and E3-fed groups after 30 and 45 days of feeding, with the lowest

activities recorded in the E2-fed group.

Challenge test

The results of the challenge test (n = 12 for each dietary group) are shown in Fig. 3. The

challenge test revealed that different feeding patterns of emodin significantly affected A.

hydrophila resistance in L. rohita. No mortality was recorded within 48 h post-challenge.

The highest survival percentages were recorded in the fish groups that were fed E2 diet for

45 days (83.3 %), 30 days (75 %), and 60 days (58.3 %).

Discussion

Enhancing immune responses seems to be the most promising method of preventing dis-

eases in fish. Application of herbal immunostimulants in aquaculture has received in-

creasing attention over the past two decades. In the present study, significantly higher WG

was observed in the E2-fed group after 30–60 days of feeding. In a similar study, emodin

supplementation at 30 mg kg-1 for 4 weeks significantly enhanced the WG of M. am-

blycephala (Zhang et al. 2014a). The reduction in FCR value in treatment groups revealed

that fish consumed dietary nutrients more efficiently when diet was supplemented with

emodin. In line with our findings, several studies have shown that acute feeding of herbal

extracts can increase the growth rate of fish when compared to long-term feeding (Xie et al.

2008; Geng et al. 2012; Zhang et al. 2014a). Long-term oral administration of im-

munostimulants may lead to immunosuppression (de Baulny et al. 1996).

As a first line of defense, various peptides such as lysozyme, antibodies, and comple-

ment factors inhibit the adhesion and colonization of microorganisms, leading to the

prevention of infection and disease. Lysozyme disrupts the cell walls of certain pathogens

and is a natural antagonist to harmful invaders such as parasites, bacteria, and viruses (Ellis

1999). In the present study, LA and ACP were significantly higher in fish groups fed with

E2 or E3 diet for 30–45 days. Dietary emodin enhanced the serum LA in M. amblycephala

(Ming et al. 2012). Dietary supplementation with 0.1 % anthraquinone extract from R.

officinale for 10 weeks increased the LA in Macrobrachium rosenbergii (Liu et al. 2012).

In line with the present study, Epinephelus bruneus fed for 30 days with 0.1–2 % S.

japonica had enhanced (p\ 0.05) complement activity and LA (Harikrishnan et al. 2011).

Higher levels and longer periods of emodin supplementation had no significant effect on

LA or ACP activity in the present study. This is likely because higher doses of im-

munostimulants for longer durations lead to immunosuppression (Zhang et al. 2014a).

Respiratory bursts, the increases in oxidation levels in phagocytes stimulated by foreign

agents, are considered a vital indicator of nonspecific defense in fish (Jian and Wu 2003),

where -O2 is the first product to be released (Harikrishnan et al. 2011). In the present

study, enhanced RBA (p\ 0.05) was observed in E2- and E3-fed groups after 30 and

45 days of feeding, and significantly higher PA was observed in E2- and E3-fed groups

during the entire study period. MPO, which is abundantly stored and expressed in primary

94 Aquacult Int (2016) 24:85–99

123



T
a
b
le

3
P

la
sm

a
as

p
ar

ta
te

am
in

o
tr

an
sf

er
as

e
(A

S
T

)
an

d
al

an
in

e
am

in
o

tr
an

sf
er

as
e

(A
L

T
)

ac
ti

v
it

ie
s

o
b

se
rv

ed
o

n
d

if
fe

re
n

t
sa

m
p
li

n
g

d
ay

s
af

te
r

fe
ed

in
g

w
it

h
em

o
d

in
-s

u
p

p
le

-
m

en
te

d
d

ie
ts

in
L
a
b
eo

ro
h
it
a

D
ie

t
(e

m
o

d
in

le
v

el
)

Im
m

u
n
e

re
sp

o
n

se

A
S

T
(U

m
l-

1
)

A
L

T
(U

m
l-

1
)

1
5

d
ay

s
3

0
d

ay
s

4
5

d
ay

s
6

0
d

ay
s

1
5

d
ay

s
3

0
d

ay
s

4
5

d
ay

s
6

0
d

ay
s

C
o

n
tr

o
l

(0
)

1
1

0
.1

6
±

.4
4

a
1

0
8

.1
±

.2
8

a
1

0
6

.2
±

.2
6

a
1

0
5

.4
±

.3
3

a
3

0
.7

3
±

.2
7

a
2

7
.3

6
±

.1
4

a
2

7
.0

1
±

.4
4

a
2

5
.5

±
.6

5
a

E
1

(2
0

m
g

k
g
-

1
)

1
0

8
.5

3
±

.3
2

a
1

0
3

.5
±

.1
7

b
9

5
.9

±
.6

b
9

7
.4

±
.2

b
2

9
.1

6
±

.3
4

a
2

4
.8

3
±

.6
2

a
2

3
.2

6
±

.2
3

b
2

3
.3

4
±

.4
3

a

E
2

(3
0

m
g

k
g
-

1
)

1
0

7
.6

3
±

.2
4

a
8

1
.9

0
±

.1
8

c
7

8
.9

±
.2

6
c

9
8

.6
±

.2
8

b
2

7
.2

3
±

.2
9

a
1

6
.5

3
±

.3
2

b
1

7
.5

±
.1

5
c

2
2

.7
±

.4
7

a

E
3

(4
0

m
g

k
g
-

1
)

1
0

5
.2

0
±

.4
3

a
8

3
.7

6
±

.2
1

c
8

4
.6

±
.3

7
d

1
0

0
.8

±
.2

6
a
b

2
6

.3
1
±

.5
3

a
1

7
.6

±
.3

7
b

2
0

.6
±

.2
6

b
c

2
3

.1
±

.6
3

a

D
at

a
ar

e
ex

p
re

ss
ed

as
m

ea
n
±

S
E

M
(n

=
9

)
at

th
e

sa
m

e
sa

m
p

li
n

g
d

ay
w

it
h

d
if

fe
re

n
t

su
p

er
sc

ri
p

t
le

tt
er

s
as

si
g
n

ifi
ca

n
tl

y
d

if
fe

re
n

ce
(p
\

0
.0

5
)

Aquacult Int (2016) 24:85–99 95

123



azurophilic granules of neutrophils, utilizes hydrogen peroxide during respiratory bursts to

produce hypochlorous acid (Dalmo et al. 1997). MPO level was significantly higher in the

emodin-fed groups after 30–45 days of trial. Oral administration of emodin at 30 mg kg-1

for 4 weeks significantly enhanced the RBA and MPO in M. amblycephala (Zhang et al.

2014a). In this study, the highest RBA, PA and MPO activities were observed in the E2-fed

group after 30 and 45 days of feeding. These results indicate that a significant improve-

ment in nonspecific immune responses occurs after 30–45 days of feeding with E2 diet. It

is worth mentioning that the duration of nonspecific immune responses is always shorter

than the specific immune responses in fish (Anderson 1992).

In vertebrates, the phagocytic process is followed by the production of highly microbicidal

reactive oxygen molecules, such as superoxide anion (-O2), hydrogen peroxides (H2O2), and

hydroxyl radical (OH-) (Di Giulo et al. 1993). MDA, the main component of lipid peroxides,

has a strong biotoxicity and can damage cell structure and function (Freeman and Crapo

1982). SOD catalyzes the dismutation of the highly reactive (-O2) to less reactive H2O2 and

functions in the main antioxidant defense pathway in response to oxidative stress (Fridovich

1995). The present study reveals that SOD production was significantly higher in fish fed E2

diet for 30–60 days. However, MDA content was significantly lower in E2- and E3-fed

groups after 30–45 days of trial. Consistent with our study, dietary supplementation with

emodin at 30 mg kg-1 for 4 weeks significantly enhanced the SOD content and reduced the

MDA level in M. amblycephala (Zhang et al. 2014a). Ming et al. (2012) also noted similar

results in M. amblycephala fed emodin and vitamin C.

The predominant antibody type in fish is high molecular weight immunoglobulin (Ig),

often referred to as IgM. IgM is used to identify and neutralize foreign objects such as

bacteria and viruses (Fridovich 1995). The plasma IgM level in treatment groups showed

an increasing trend (p\ 0.05) after 30–45 days of feeding and thereafter gradually de-

creased. Similar observations were made by several researchers (Giri et al. 2013; Sharma

et al. 2010). In line with earlier reports, it can be suggested that stimulation of IgM level is

a short-term phenomenon attributable to immunostimulants.

In this investigation, significantly lower AST and ALT levels were observed in E2- and

E3-fed groups after 30 and 45 days of feeding. Previous studies have revealed that AST
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Fig. 3 Effects of 15, 30, 45, and 60 days of dietary administration of graded level of emodin on the post-
challenge survival of Labeo rohita after infection with A. hydrophila. Data are expressed as mean ± SEM
(n = 12)
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and ALT are the most important aminotransferases in fish and are commonly regarded as

indicators of liver damage (Sheikhzadeh et al. 2012). Hence, this feeding pattern (i.e.,

30–40 mg kg-1 emodin for 30–45 days) may reduce liver damage in fish. Similar trends in

levels of AST and ALT were observed in grass carp (Ctenopharyngodon idella) (Lin et al.

1990) and Wuchang bream (Zhang et al. 2014a) under the similar feeding patterns.

Bacterial challenge tests provide opportunities to evaluate the effectiveness of im-

munostimulants in protecting against pathogens (Giri et al. 2013). We found that fish fed

E2 diet for 45 days exhibited the highest survival rate (83.3 %), followed by fish fed E2

diet 30 days (75 %) and 60 days (58.3 %). Previous studies have revealed that dietary

supplementation of 0.1 % anthraquinone extract for 10 weeks enhances the resistance of

M. amblycephala against A. hydrophila (Liu et al. 2012). Feeding of 30 mg kg-1 emodin

for 4 weeks enhanced the resistance of M. amblycephala against A. hydrophila challenge

(Zhang et al. 2014a). Dietary feeding of W. somnifera root powder enhanced the resistance

of L. rohita fingerlings against A. hydrophila (Sharma et al. 2010). The enhanced immune

parameters such as LA, ACP, RBA, PA, MPO and IgM, and declines in biochemical

parameters MDA, AST and ALT in the fish fed 30 mg kg-1 for 30–45 days might be

associated with the improved resistance of fish against A. hydrophila and the resulting

higher post-challenge survival percentages.

Conclusion

The present investigation reveals that supplementation of 30 mg kg-1 emodin for

30–45 days was associated with increased weight gain, LA, ACP, SOD, PA, RBA, MPO

activity, and IgM level in L. rohita. Further, a decline in FCR, MDA, ALP, and AST

content was noted in E2 fed group after 30–45 days of feeding. Taken together, these

results suggest that 30 mg kg-1 emodin supplementation for 30–45 days is optimum to

increase the growth performances, immunity, and disease resistance against pathogenic

bacterial infection in L. rohita. This natural immunostimulant may be an alternative to

prophylactic use of chemicals in freshwater aquaculture practice. However, effect of

emodin through various modes of administration should be further investigated in order to

explore its molecular mechanisms.
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