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Abstract

The aim of this study was to evaluate the dietary
dosages of turmeric that enhance immune response
and disease resistance against the opportunistic
pathogens Aeromonas hydrophila in Labeo rohita ¢n-
gerlings. Hence, four di¡erent dosages of turmeric at
0.1, 0.5, 1.0 and 5.0 g kg�1 feed were given to the ¢n-
gerlings of L. rohita for 60 days at 4% body weight. At
every 20-day interval, di¡erent biochemical, haema-
tological, enzymatic and immunological parameters
of ¢sh were evaluated. After 60 days, ¢sh were chal-
lenged with A. hydrophila. The mortality (%) was re-
corded on the tenth day post challenge. Most of the
immune parameters including lysozyme activity,
superoxide anion production and serum bactericidal
activity were signi¢cantly (Po0.05) higher on 60
days of feeding of 1.0 g of turmeric per kg of feed.
Challenge study indicated100% and 89% survivabil-
ity in the group of ¢sh fed with 5.0 and 1.0 g of tur-
meric per kg of feed respectively. Feeding of turmeric
might have maintained long-term protection in ¢sh
by elevating the nonspeci¢c immune system such as
Nitroblue tetrazolium (NBT), lysozyme and serum
bactericidal activity.The result showed that turmeric
at a dose of 1.0 g kg�1 feed for 60 days provided the
greatest protection to pathogen challenge.

Keywords: Curcuma longa, superoxide anion, lyso-
zyme, serum bactericidal, Aeromonas hydrophila

Introduction

The use of antibacterial chemotherapy is of over-
whelming importance for signi¢cant diseases in

aquaculture (Alderman & Michel 1992). Antibiotics
pose a serious global problem in aquafarming as they
result in the production of antibiotic-resistant bacter-
ial pathogens in ¢sh species (Tsoumas, Alderman &
Rodgers 1989; Das, Mukherjee, Sahu & Murjani
1999). In view of these undesirable e¡ects caused by
the antibiotics, there is an urgent need for eco-
friendly, disease-preventivemeasures to promote sus-
tainable aquaculture. During the last decade,
attention has been increasingly focused on the use
of herbal-based immunostimulants for ¢sh disease
control, particularly for those that elevate a nonspe-
ci¢c defence mechanism activating early protection
against infections.
The modulation of immune response in ¢sh using

medicinal plants as a possible therapeutic measure
has existed from the time of the ancient Vedic scrip-
ture, theAyurveda, and has been practised in Indian
traditional medicine for many centuries. Plant pro-
ducts are used e¡ectively in aquaculture for various
purposes viz., as a toxicant (Chiayvareesajji, Chiay-
vareesajji & Rittibhonbhun 1997; Thomas, Bhagwat
& Muthe 1997; Sharma, Tungikar & Deshpande
1998), anaesthetic (Mgbenka & Ejiofor1998), growth
promoter (Jayaprakas & Euphrasia 1997), bactericide
(Das et al.1999) and fungicide. Feeding ofAchyranthes
aspera seeds in various proportions stimulates immu-
nity in Labeo rohita and provides more resistance to
infection (Rao, Das, Pradhan & Chakrabarti 2005).
Feeding of glycyrrhizin enhanced the complement
protein activity and increased resistance against ex-
perimental infection with Edwardsiella seriola in yel-
lowtail, Seriola quinqueradiata (Edahiro, Hamoguchi
& Kusuda 1990). Treatment with tunicate (Ete) ex-
tract enhanced phagocytic activity and protection
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against Aeromonas hydrophila in American eel, Angu-
illa rostrata (Davis & Hayasaka 1984). Dietary incor-
poration of Allium sativum has been found to
provide immunity and survival of L. rohita infected
with A. hydrophila (Sahu, Das, Mishra, Pradhan, &
Sarangi 2007a). Similarly, the e¡ect ofMangifera indi-
ca as a feed additive on the immunity and resistance
toA. hydrophila in L. rohita ¢ngerlings was studied by
Sahu, Das, Pradhan, Mohapatra, Mishra and Sarangi
(2007b).
Curcuma longa, popularly known as ‘Haldi’, pos-

sesses digestive andmedicinal properties and is useful
for humans (Govindarajan 1980; Ammon, Anazodo,
Dhawan & Srimal 1992): it has anti-in£ammatory
e¡ects (Ammon & Wahl 1991), and shows anti-
fungal (Wuthi-Udomler, Grisanapan, Luanratana &
Caichompoo 2000) and antibacterial activities (Ma-
hady, Pendland,Yun & Lu 2002; Sahu 2004). Ukonan
A, a polysaccharide naturally obtained from the rhi-
zome of C. longa L., has been reported to exhibit pha-
gocytic, anticomplementary and mitogenic activities
(Gonda,Tomoda,Takada, Ohara & Shimizu1992). The
active ingredients present in turmeric are turmeric
oil and curcumin. It also contains curcuminoids alta-
tone, bisdemethoxycurcumin, dimethoxycurcumin,
diaryl heptanoids and tumerone (Phan, See, Lee &
Chen 2001).The capacity of turmeric to stimulate im-
mune response in ¢sh has not been studied. Carp is
the mainstay of Indian aquaculture and rohu consti-
tutes about 45% of the total inland aquaculture pro-
duction (FAO 2001). The present study is aimed at
evaluation of the e⁄cacy of traditionally used medic-
inal herb turmeric as a feed additive on the immune
response of rohu (L. rohita) as well as its growth
promotion.

Materials and methods

Fish and its husbandry

Fingerlings of Rohu, L. rohita (Ham.), averaging
10 � 2 g were collected from culture ponds of the
Central Institute of Freshwater Aquaculture, Bhuba-
neswar, Orissa, and were acclimatized in a 1000-L
¢bre-glass tank for15 days before initiation of the ex-
periment. Chlorine-free tap water was used through-
out the course of the experiment. Round-the-clock
aeration was provided to each tank, and water ex-
change of 50% and removal of faecal matter were
carried out on a daily basis. The physico-
chemical characteristics of the test water were as
follows: temperature 28 � 1.0 1C, pH 7.6, hardness

90mg L�1 (as CaCO3), total alkalinity 92mg L�1

(as CaCO3) and dissolved oxygen 6.2mg L�1.

Turmeric

The perennial herb C. longa L. belonging to the family
Zingiberaceae was used in this study. It is distributed
throughout the tropical and subtropical regions of
the world. Turmeric powder (Ruchi, Ahmedabad,
India) was purchased from the local market and used
for the present study. For each experiment, the re-
quired predetermined amount (0.1, 0.5, 1.0 and
5.0 g kg�1) was included in the feed. The turmeric-
free feed was used as a control feed.These percentage
additions represent the diet test coding A, B, C, D and
E, respectively, whereA serves as a control feed with-
out turmeric.

Feed formulation and preparation

Five diets were prepared and compared in the present
study. The control diet was a basal diet containing
rice bran, groundnut oil cake, dry ¢sh, soyabean cake
and vitamin andmineral mixtures with a nutritional
composition of 40% crude protein, 10% crude lipid
and 8% ash. The experimental diets were the basal
diet supplemented with turmeric at 0.1, 0.5, 1.0 and
5.0 g kg�1 of feed. The feed ingredients were thor-
oughly mixed, cold-extruded and cut into a size of
3^5mm. Pellets were air-dried and stored in airtight
containers at room temperature until feeding.

Experimental design and feeding diet

Three hundred rohu ¢ngerlings were selected for the
study and divided into ¢ve groups, namely, A, B, C, D
and E. Eachgroup of 60 ¢ngerlings was again divided
into two equal duplicate subgroups. Group Awas fed
with the basal diet and maintained as the control.
The remaining groups were fed with 0.1g kg�1 of
feed (Group B), 0.5 g kg�1 of feed (Group C),1g kg�1

of feed (Group D) and 5 g kg�1 of turmeric-supple-
mented feed (Group E) for 60 days. Blood and serum
samples were collected from each group and exam-
ined for the following parameters: total protein, albu-
min, globulin, albumin^globulin ratio, haemoglobin,
alanine aminotransferase (ALT), aspartate amino-
transferase (AST), alkaline phosphatase (ALP), serum
bactericidal activity, serum lysozyme and Nitroblue
tetrazolium (NBT) activities and WBC and RBC
contents.
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Pathogens

Aeromonas hydrophila (ATCC 49040) andMicrococcus
luteus (ATCC 49732) (DIFCO, BBL-Qualis Lab) were
used in this study. They were cultured in nutrient
broth (Himedia) for 24 h at 37 1C. The broth culture
was centrifuged at 3000 g for 10min. The super-
natants were discarded and the pellets were
resuspended in phosphate-bu¡ered saline (PBS, pH
7.4) and the OD of the solution was adjusted
to 0.5 at 456 nm, which corresponded to 1 �
107 cells mL�1. These bacterial suspensions were se-
rially diluted using the standard dilution technique
with PBS and used for the challenge experiment,
superoxide anion production, lysozyme and bacteri-
cidal activity.

Collection of blood

Feeding was withheld for 24 h before blood samples
were collected. From randomly picked ¢sh (n520
from each subgroup) at 20-day intervals (after anaes-
thetizing with 0.1ppm MS-222, Hi-media, Mumbai,
India), bloodwas collected from the caudal veinusing
a 1-mL plastic syringe rinsed with heparin. It was
stored at 4 1C and used on the same day. Blood sam-
ples were also collected without heparin, allowed to
clot for 1h, centrifuged at 7000 g and sera were col-
lected and refrigerated at �20 1C. From each sub-
group, 12 and 8 ¢sh were sampled for serum and
blood, respectively, and were returned to their re-
spective systems. Sera and blood were pooled into
six groups, depending on volume, for estimation
of immunological, biochemical and enzymatic
parameters.

Determination of serum biochemical and
haematological parameters

The di¡erent serum samples collected were analysed
for total protein following the method of Lowry,
Rosebrough, Farr and Randall (1951); albumin con-
tent by Doumas, Watson and Biggs (1971); globulin
content (subtracting albumin from the total protein)
and albumin:globulin ratio and haemoglobin con-
tent following the cyanomethaemoglobin method as
perVan Kampen and Zijlstra (1961).Total erythrocyte
count was performed following the method of Hen-
dricks (1952) using a haemocytometer, whereas the
total leucocyte count was determined following the
method of Shaw (1930).

Determination of enzymatic parameters

The measurement of ALP (EC 3.1.3.1) of serum was
performed as per the recommended method of Ger-
man Society of Clinical Chemistry (1972) The activ-
ities of AST (EC 2.6.1.1) and ALT (EC 2.6.1.2) in serum
were estimated using the methods of Bergmeyer,
Scheibe and Wahlefeld (1978) and Bergmeyer and
Hoarder (1980) respectively.

Immunological parameters

Superoxide anion production

The superoxide anion production of blood phago-
cytes challenged with A. hydrophila (ATCC 49040)
was measured according to Sahu et al. (2007a).
Brie£y, £at-bottom 96-well microtitre plates were
coated with 100 mL bu¡er containing poly-L-lysine
solution (0.2% Sigma). Blood (100 mL) was added in
¢ve wells and incubated at 37 1C for 2 h and then
washed with Hanks balanced salt solution (HBSS,
Hi-media). Then 100 mL of NBT (1 mgmL�1 HBSS)
was added containing 104 A. hydrophila cells. After
incubating for 30min at 37 1C, the medium was re-
moved and the reaction was stopped by adding
methanol. The formazone in each well was dissolved
with 120 mL of 2M KOH and 140 mL of Dimethyl
sulphoxide (DMSO) and measured using a multiscan
spectrophotometer (Biorad, USA) at 630 nm.

Serum lysozyme activity

Serum lysozyme activityof ¢sh in each subgroupwas
measured using the turbidimetric method described
by Parry, Chandanand Shahani (1965). Brie£y, serum
(100 mL) was added to 2mL of a suspension of
M. luteus ATCC 49732 (Difco, BBL-Qualis Lab, USA)
in a 0.05M sodium phosphate bu¡er (pH 6.2). The re-
action was carried out at 25 1C and absorbance was
measured at 530 nm after 0.5 and 4.5min on a spec-
trophotometer. A unit of lysozyme activity was de-
¢ned as the amount of sample causing a decrease in
absorbance of 0.001min�1.

Serum bactericidal activity

Serum bactericidal activity was estimated following
the procedure of Kajita, Sakai, Atsuta and Kobayash
(1990). An equal volume (100 mL) of serum and bac-
terial suspension was mixed and incubated for 1h at
25 1C. A blank control was prepared by replacing ser-
um with sterile PBS. The mixture was then diluted
with sterile PBS at a ratio 1:10. The serum-bacterial
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mixture (100 mL) was pour-plated in nutrient agar
and plates were incubated for 24 h at 37 1C.The num-
ber of viable bacteriawas determined bycounting the
colonies grown in nutrient agar plates.

Growth measurements

The weight of each ¢sh in the duplicate tanks of each
treatment group was recorded individually on every
sampling day and then the total biomass in the tank
was determined to adjust the amount of feed to be gi-
ven. These data were utilized for the calculation of
the feed conversion ratio and the speci¢c growth rate
(SGR). At the end of the 60-day feeding trial, the spe-
ci¢c growth rate, i.e., gain in per cent bodyweight per
day for the experimental group, was calculated
according to Ricker (1979).

Experimental challenge of ¢sh

After 60 days of feeding, 18 ¢sh from each subgroup
were challenged intraperitoneally with a lethal dose
of A. hydrophila (1 � 105 cfu ¢sh�1) and observed for
a period of the next10 days formortality.Tissueswere
removed from the dead ¢sh for subsequent bacterio-
logical culture to con¢rm A. hydrophila as the cause
of death. Estimation of serum and blood parameters
was carried out in the surviving ¢sh after day-10 post
infection as per the method described earlier. From
each tank, a minimum of eight and six ¢sh were
sampled for serum and blood respectively. During
the period of experimental challenge, ¢sh were fed
with control diets.

Statistical analysis

All the data were analysed using one-way ANOVA

using SAS software. The means were compared using
Duncan’s Multiple Range Test (Duncan 1955) to ¢nd
the di¡erence at the 5% (Po0.05) level.

Results

Biochemical indices

The total serum protein content in ¢sh fed with tur-
meric was signi¢cantly (P� 0.05) higher than con-
trol ¢sh on the 40th and 60th days and post
challenge, whereas Group B and Group D showed sig-
ni¢cant (P�0.05) di¡erences in the serum protein

content as compared with that of control on the
20th dayof the feeding trial.The highest total protein
content (3.19 g dL�1) was found in Group D ¢sh on
day 60.
The serumalbumin contents in ¢sh fedwith all the

four doses of turmeric were signi¢cantly (P�0.05)
higher than the control ¢sh on all the assay days in-
cluding the post-challenge period, except on the 60th
day and post challenge, when group B showed an in-
signi¢cant change in the albumin content. Similarly,
the globulin level was signi¢cantly (P�0.05) higher
in all the groups on all the assay days in comparison
with control (except Group D in post-challenge peri-
od). The albumin:globulin ratio was found to be sig-
ni¢cantly (P� 0.05) higher in Groups C and E on day
20, Groups B, D and E on day 40, inGroups B and E on
day 60 and in Groups B, C and D post challenge in
comparisonwith control.

Haematological indices

Themean number ofWBC (103 cells mm�3) is shown
in Fig. 1. The results indicated that the turmeric-fed
groups (B^E) showed a signi¢cantly increased
(P�0.05) WBC count as compared with the control
(except Groups B and C) on the entire assay times in-
cluding the post-challenge period. The highest WBC
count (21.78 � 103 cells mm�3) was observed in
Group D (¢sh fed with1g kg�1 feed) on the 60th day
of the exposure period. Similarly, the ¢sh fed with
turmeric showed a signi¢cantly (P�0.05) increased
RBC count as compared with that of control on all
the assay times (Fig.2).The haemoglobin content also
showed an increasing trend in ¢sh fed with di¡erent
percentages of turmeric, but the di¡erences were
insigni¢cant (P40.05) as compared with control
during the entire experimental period (Fig.3).

Enzymatic indices

The AST activity in serum of the control and treat-
ment groups on day 20 was signi¢cantly di¡erent
(P�0.05), except Group B, but on days 40 and 60,
the di¡erences were insigni¢cant (P40.05) as com-
pared with control (except Group E on day 40). The
AST activity showed no signi¢cant di¡erence
(P40.05) among the treatment groups until before
challenge. Post-challenge observation of ASTactivity
showed signi¢cant changes (P�0.05) in Groups D
and E as compared with control (Fig. 4). Similarly,
ALT activity showed a signi¢cant di¡erence
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(P�0.05) in Groups D and E on day 20, in Groups C, D
and E on day 40 and in Groups B and E after chal-
lenge as compared with control (Fig. 5). The ALP ac-
tivity showed a signi¢cant di¡erence (P�0.05) in
Groups C and E on day 20 and day 40, all the groups
on day 60 and Groups D and E after challenge as
compared with control (Fig.6).

Immunological indices

The result of superoxide anionproductionat di¡erent
times is shown in Fig.7. It indicates that the superox-
ide anion production of four experimental groups (B,
C, D and E) was signi¢cantly (P�0.05) di¡erent as
compared with control on all the exposed periods in-
cluding the post-challenge period (except Group B on
day 40, day 60 and post challenge) (Table1).
The lysozyme activities in the serum of the control

and turmeric-fed groups were signi¢cantly di¡erent
(P�0.05) during the entire period of exposure includ-
ing the post-challenge period (Fig.8).

Bactericidal activity in di¡erent turmeric-fed
groups on day 20 was not di¡erent (P40.05) in com-
parison with that of the control group, except group
D, but on day 40, day 60 and the post-challenge peri-
od, they were signi¢cantly increased (P�0.05)
(Fig.9).

Speci¢c growth rate and feed conversion ratio

Feeding of turmeric showed increased speci¢c
growth rate and food conversion ratio (FCR) as com-
paredwith the control.The speci¢c growth rate value
was elevated by the highest growth increment and it
was found in Group E. The best FCR was found in
Group C as compared with that of control (Table 2).

Survivability

Survivability was the highest (100%) in Group E,
whereas the control group showed a survival rate
of 55% (Table 2). The survivability percentage was
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signi¢cantly (P�0.05) di¡erent in all treated groups
except Group B as compared with Group A.

Discussion

The serum total protein of ¢sh after long-term feeding
with C. longa increased from the control diets. Misra
(2004) had observed an increase in the total protein
content after incorporation of b-glucan, levamisole
and chitosan into the supplementary diet. Serum al-
bumin and globulin values in ¢sh fed with turmeric
were higher than the control. Increases in serum pro-
tein, albumin and globulin levels were thought to be
associated with a stronger innate response of ¢sh
(Misra, Das, Mukherjee & Pattnaik 2006).
The erythrocyte count increased with the admin-

istration of turmeric, which might indicate that it
acts as an immunostimulatory agent (Sahu 2004).
This ¢nding supported our earlier work (Sahu et al.

2007a) in which the number of erythrocytes was
found to be signi¢cantly greater in rohu fed with a
diet containing garlic for 60 days. Similarly, Duncan
and Klesius (1996) reported that the number of ery-
throcytes in channel cat ¢sh fed with a diet contain-
ing b-glucan was signi¢cantly (P�0.05) greater. The
numbers of leucocytes are known to increase follow-
ing immunostimulation in rohu (Misra 2004; Misra
et al. 2006; Sahu et al. 2007a). The increase in total
white blood cells, neutrophils, lymphocytes and
monocytes’counts following herbal diet feeding sup-
ports the anti-infection properties of traditional
herbs, e.g., garlic (Iranloye 2002; Sahu et al. 2007a).
The haemoglobin content in the blood increases
when ¢sh come under stress.The increase in the con-
centration of haemoglobin is within the range and
hence turmeric feeding did not cause stress to the an-
imals in the present experiment.
Increased activity of ALP was marked in the group

of ¢sh fed with turmeric over di¡erent days.
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Increased phosphatase activity indicates higher
breakdown of the energy reserve, which is utilized
for the growth and survival of ¢sh. Decreased AST
and ALT activities in the serum showed that oxaloa-
cetate and glutamate were not available to the Krebs
cycle through this route of transmission (Shakoori,
Mughal & Iqbal1999).
The non-speci¢c immune response of ¢sh such as

phagocytosis and chemotaxis is often reported to be a
function of macrophage activity (Weeks & Warinner
1986). Neutrophil activity can also be an indicator of
the non-speci¢c response. These cells become more
adherent to tissue cell surfaces by the production of
adhesion protein, which facilitate their migration
from the capillaries to the site of injury (Kishimoto,
Jutila, Berg & Butcher 1989; Magnuson,Weintrraub,
Pohlaman & Maier 1989). Macrophages and neutro-
phils exhibit an increased production of oxygen radi-
cals, which are released during the oxidative burst

process.These reactive species are capable of destroy-
ing the invading pathogens (Hassett & Cohen 1989).
In the present experiment, all the experimental diets
with incorporation of various percentages of tur-
meric showed a signi¢cant (P�0.05) increase in
NBT activity in ¢sh over the control diets, except
Group B, as described previously on day 40.This indi-
cated that the level of immunostimulation caused by
the turmeric-enriched diet and the formation of reac-
tive oxygen species was enhanced in Groups C, D and
E. Immunostimulants can increase the host’s non-
speci¢c immunity by either increasing the number
of phagocytes or activating phagocytosis and respira-
tory burst (Shoemaker, Klesius & Plumb1997) to ¢ght
against the microbial pathogen. Post challenge with
A. hydrophila showed reduced NBT activity when
compared with the 60 days pre-challenged speci-
men, but the reduction was not signi¢cant. Many
things might occur following challenge but it is
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Figure 7 Superoxide
anion production (OD)
observed on di¡erent as-
say days after administra-
tion of turmeric (values
are mean � SE). Mean
values bearing the same
superscript are not
statistically signi¢cant
(P40.05, n56).

Table 1 E¡ect of feeding of turmeric powder on biochemical parameters of Labeo rohita followed by intraperitoneal challenge
of Aeromonas hydrophila after 60 days

Parameters Group (dose in g kg� 1)

Before challenge After challenge

20 days 40 days 60 days 70 days

Total protein (g dL� 1) A (0) 1.10 � 0.01c 1.32 � 0.09c 1.57 � 0.01d 1.23 � 0.20c

B (0.1) 2.14 � 0.10a 2.29 � 0.06ab 2.61 � 0.07c 2.46 � 0.08a

C (0.5) 1.16 � 0.01c 2.17 � 0.05b 2.92 � 0.02b 2.61 � 0.06a

D (1.0) 1.92 � 0.02b 2.41 � 0.12ab 3.19 � 0.01a 1.89 � 0.07b

E (5.0) 1.04 � 0.03c 2.55 � 0.06a 2.90 � 0.03b 2.46 � 0.05a

Albumin (g dL� 1) A (0) 0.42 � 0.01d 0.64 � 0.00c 0.83 � 0.02d 0.55 � 0.04c

B (0.1) 0.95 � 0.03a 1.2 � 0.08a 0.84 � 0.03d 0.61 � 0.07c

C (0.5) 0.75 � 0.04b 0.99 � 0.03b 1.26 � 0.04bc 0.88 � 0.06b

D (1.0) 0.57 � 0.01c 1.01 � 0.05b 1.41 � 0.03b 1.12 � 0.05a

E (5.0) 0.56 � 0.00c 0.9 � 0.03b 1.53 � 0.02a 0.98 � 0.08ab

Globulin (g dL� 1) A (0) 0.68 � 0.03b 0.68 � 0.08d 0.88 � 0.02c 0.68 � 0.02c

B (0.1) 1.18 � 0.12a 1.15 � 0.06c 1.60 � 0.21ab 1.84 � 0.1a

C (0.5) 0.40 � 0.04c 1.19 � 0.04b 1.66 � 0.04ab 1.73 � 0.12ab

D (1.0) 1.34 � 0.01a 1.41 � 0.09b 1.77 � 0.04a 0.77 � 0.02c

E (5.0) 0.47 � 0.03c 1.64 � 0.03a 1.38 � 0.06b 1.48 � 0.08b

Albumin:globulin A (0) 0.63 � 0.05c 0.95 � 0.11a 0.77 � 0.03b 0.81 � 0.09b

B (0.1) 0.82 � 0.12bc 0.98 � 0.07b 0.46 � 0.02c 0.34 � 0.06d

C (0.5) 1.91 � 0.28a 0.85 � 0.01ab 0.76 � 0.05b 0.51 � 0.07cd

D (1.0) 0.42 � 0.00c 0.7 � 0.03bc 0.80 � 0.03b 1.43 � 0.04a

E (5.0) 1.17 � 0.06b 0.54 � 0.01c 1.12 � 0.05a 0.67 � 0.09bc

Note: Data are expressed as mean � SE. Superscript columnwise on right hand side for particular treatment group are signi¢cantly
(Po0.05) di¡erent from the control group.

Table 2 E¡ect of feedingof di¡erent percentage of turmeric on speci¢c growth rate (SGR) and FCRas determined at the end of
the experimental period of 60 days

Plant materials
Group
(dose in g kg� 1) SGR FCR Survivability

Turmeric A (0) 0.853 � 0.034a 1.833 � 0.050a 55.55 � 5.56c

B (0.1) 0.895 � 0.074a 1.747 � 0.180a 66.66 � 11.11bc

C (0.5) 0.894 � 0.049 a 1.49 � 0.083a 87.5 � 6.31ab

D (1.0) 0.948 � 0.031a 1.50 � 0.017a 88.88 � 0ab

E (5.0) 0.956 � 0.029a 1.624 � 0.096a 100.0 � 0a

Data are expressed as mean � SE. Superscript columnwise on right hand side for particular treatment group are signi¢cantly (Po0.05)
di¡erent from the control group.
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necessary to speculate that the production of super-
oxide anions caused by turmeric in ¢sh acts against
A. hydrophila infection.
Serum lysozyme activity can be increased using

immunostimulants, which may either be due to an
increase in the number of phagocytes secreting lyso-
zymes or an increase in the amount of lysozymes
synthesized per cell (Edahiro et al. 1990). Changes in
lysozyme activity are considerably in£uenced by the
dose and the type of stressors to which ¢sh are ex-
posed.The elevationof lysozyme following dietary in-
corporation of immunostimulants has been
demonstrated in a number of ¢sh species (Lapatra,
Lauda, Jones, Sjhewmaker & Bayne 1998; Paulsen,
Lunde, Engstad & Robertsen 2003; Sahu et al.
2007a). In this study, lysozyme activity was elevated
signi¢cantly in all the test groups as compared with
control. Serum bactericidal activity was also en-
hanced in all treated groups as compared with the

control group. Many investigators have reported en-
hanced bactericidal activity by the phagocytic cells
in di¡erent ¢sh species (Jorgensen, Sharp, Secombes
& Robertsen1993; Sahu et al. 2007a).
Jain and Wu (2003) and Sahu et al. (2007a) have

also reported enhanced survival against pathogenic
challenges at lower dosages of herbal stimulants in
¢sh. Artemia-enriched herbal diets for Penaeusmono-
don with a combination of ¢ve herbs increased their
growth and survival under a stress condition (Citar-
asu, Babu, Raja Jeya Sekar & Marian 2002). Thus,
from the present experiment, it is clear that dietary
turmeric has a positive e¡ect on innate immunity
and disease resistance in L. rohita ¢ngerlings. Feed-
ing of turmeric might have maintained long-term
protection in ¢sh by elevating the nonspeci¢c
immune components such as superoxide anion,
lysozyme and serum bactericidal activity. Further
investigation of the molecular mechanism of
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Figure 8 Lysozyme ac-
tivity (UmL�1) observed
on di¡erent assay days
afteradministrationof tur-
meric (values are mean
SE). Mean values bearing
same the superscript are
not statistically signi¢cant
(P40.05, n56).
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Figure 9 Bactericidal ac-
tivity (% cfucontrol�1) ob-
served on di¡erent assay
days after administration
of turmeric (values are
mean � SE). Mean values
bearing the same super-
script are not statistically
signi¢cant (P40.05, n56).
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immunomodulation along with the optimum dose
and the mode of administration of turmeric for dis-
ease prevention in aquaculture is warranted. As tur-
meric has been used in curry in India since ancient
times, it is presumed that ancient people must have
had knowledge about the usefulness of turmeric in
terms of its antimicrobial and immune-response
properties. Turmeric, a traditionally used herbal pro-
duct safe for human consumption, is believed to cure
blood diseases in human beings. It can also be used
both as an antimicrobial agent and as an immunosti-
mulator without any deleterious e¡ect to the ¢sh or
its environment.
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