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Abstract Aquaculture is faced with the challenges of the use of synthetic compounds as

growth enhancers and the presence of several contaminants in water. These factors

severely deteriorate the quality and quantity of aquaculture products. Phytochemicals play

a major role by working as antioxidant agents of which curcumin has become the gold

standard. Curcumin, from Curcuma longa shows a wide spectrum of biological activities

which include anticancerous, antioxidant, anti-inflammatory, antibacterial, antiviral, anti-

fungal, antidiabetic, antistress, hepatoprotective and gastroprotective effects. Curcumin in

0.5 and 1 % doses were given as feed additive to Oreochromis mossambicus for 35 days.

After feeding trial, activities of digestive enzymes such as a-amylase, protease and lipase

were analysed. There was a significant increase in the activities of a-amylase, protease and

lipase with 0.5 and 1 % curcumin supplementation in feed. Real-time quantification of GH

in brain, and IGF-1 and IGF-2 genes in muscle revealed that curcumin significantly

increased the expression of these genes. This is the first study to report that curcumin

supplementation at concentrations of 0.5 and 1 % in the feed improved the activities of

digestive enzymes and also modulates the expression of GH in brain and growth factors

such as IGF-1 and IGF-2 in muscle of O. mossambicus.
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Introduction

Aquaculture is an important weapon in the global fight against malnutrition, poverty and a

food source rich in essential nutrients (Tacon et al. 2010). Appropriate nutrition is one of

the key factors in successful aquaculture, which promotes normal growth and provides the

essential nutrients for normal physiological functions and sustaining the health of the fish

(Gatlin 2002).

Curcumin, a polyphenolic compound, derived from the tuber of turmeric plant (Cur-

cuma longa), is one of the best-studied natural compounds. Experiments by various

researchers have suggested a wide range of potential therapeutic or preventive effects

associated with curcumin including antioxidant, anti-cancer, anti-microbial, hepatopro-

tective and gastroprotective effects (Soudamini and Kuttan 1989; Elizabeth and Rao 1990;

Ruby et al. 1995; Allen et al. 1998; Ramyrez-Tortosa et al. 1999; Kelloff et al. 2000; Park

et al. 2000). The information on the use of curcumin is limited in aquaculture. AL-Sultan

(2003) has reported that turmeric as a feed additive enhanced the overall performance in

broiler chickens. Manju et al. (2008, 2009, 2012) have reported a protective effect of

natural and synthetic curcumin on lipid peroxidation in the teleost, Anabas testudineus.

Studies by D’Souza and Prabhu (2006) have suggested that turmeric tuber powder inhibits

in vitro lipid peroxidation in Somberus sombrus.

The growth of some aquatic animal species is limited by the capacity of the digestive

system to breakdown and assimilate specific nutrients (Houlihan et al. 1988). The digestive

capacity of fish is influenced by the levels of digestive enzyme activities and ultimately

affects growth and, to some extent, health (Shan et al. 2008). Most of the gastroprotective

effects of curcumin have been based on studies conducted either in mammals or in mam-

malian cell lines (Ramirez-Tortosa et al. 1999). When consumed through the diet, spices

produce significant stimulation on the activities of pancreatic lipase, amylase and protease

(Platel and Srinivasan 2000). There is often a strong relation between the activity levels of

specific digestive enzymes and dietary preference of several animals. Evidence shows that

digestive enzymes may set physiological limits on growth rates in fish (Lemieux et al. 1999).

Growth hormone (GH) produced from pituitary binds to a single transmembrane receptor,

the growth hormone receptor (GHR) (Perez-Sanchez et al. 2002). GH participates in almost all

major physiological processes in the fish including the regulation of ionic and osmotic balance,

lipid, protein and carbohydrate metabolism, skeletal and soft tissue growth, reproduction and

immune function, and also GHR has extensive tissue distribution (Reinecke et al. 2005). The

insulin-like growth factors (IGFs) are mitogenic peptides that regulate vertebrate growth

(Humbel 1990; Jones and Clemmons 1995; Reinecke and Collet 1998). They locally stimulate

cell division as an autocrine or paracrine factor. There are no studies on the role of various

doses of curcumin as a feed supplement other than earlier reports from our lab. This is the first

report on the dietary effect of curcumin on the activities of digestive enzymes and expression of

GH and growth factor genes such as IGF-1 and IGF-2 in Oreochromis mossambicus.

Materials and Methods

Experimental design

Fish, weighing 9.45 ± 0.63 g, were collected from Fisheries College, Mangalore, India,

and transported to the laboratory in polythene bags filled with oxygenated water. They

were reared in large stock tanks with aerated water (26–28 �C) and natural photoperiod
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12L:12D for a month. During acclimatization, the fish were fed ad-libitum once daily with

control feed containing fishmeal, groundnut oil cake, rice bran, tapioca flour, with adequate

amount of vitamin drops (A–Z drops, ALKEM Laboratories Ltd., Mumbai), in the form of

dry pellets (Table 1) (Hardy 1980). Control feed was prepared in our laboratory according

to the method of Hardy (1980), Johnson (2004) and Manju et al. (2013). Its components

and proximate compositions are as described in Tables 1 and 2 (Manju et al. 2013). The

feed for the experimental fish was prepared by supplementing 0.5 and 1 % curcumin (by

weight) to the basal feed, made into pellets and air-dried in shade. The doses 0.5 and 1 %

curcumin were selected on the basis of previous study conducted in our lab (Manju et al.

2008, 2009, 2012).

At the end of acclimatization, fish were moved to aquarium tanks (0.61 9 0.30 9

0.30 m) with conditions identical to the stock tank. Three replicate tanks for each treatment

were established. Tank A series constituted the control group, and B and C series 0.5 and

1 % curcumin, respectively. Fish in tank A series were fed with basal feed (control), tank B

series with 0.5 % curcumin-supplemented feed and tank C series with 1 % curcumin-

supplemented feed. The fish were fed on the experimental diets of 10 % body weight daily

in equal proportions between 8.00 a.m.–9.00 a.m. and 4.00 p.m.–5 p.m. for a period of

35 days. Generally, all the feed provided was consumed. The unconsumed pellets were

siphoned out from the tank bottom 3 h subsequent to feeding, and the water was changed

every day.

Digestive enzyme assays

At the end of the treatment period, eight fish were selected at random from each triplicate

group fasted overnight and anesthetized using MS-222 (Sigma). Fish were then immedi-

ately dissected, and the gut from control and treated fish were taken out, washed in PBS,

homogenized and centrifuged at 8000 rpm for 5 min. The clear supernatant after cen-

trifugation was used for enzymatic assays. Total protein of the gut was analysed by the

method of Bradford (1976). The a-amylase activity was determined by the method of

Bernfeld (1955). Protease and lipase activity were determined using the method of Keay

et al. (1970) and the method of Winkler and Martina (1979), respectively.

RNA isolation

The isolation of total RNA was done by Trizol method. Briefly, brain and muscle tissues

were isolated from the fish using sterilized scissors and surgical blades. Samples were

immediately transferred into 1 mL Tri reagent (Sigma-Aldrich) and kept in -80 �C
refrigerator till the processing for RNA isolation. The quality and concentration of RNA

Table 1 Proportion of feed
ingredients in the diet

Johnson (2004)

Diet Proportion (g kg-1) Protein content (g kg-1)

Rice bran 0.01324 0.0011

Groundnut oil cake 0.03676 0.0084

Tapioca flour 0.01324 0.0029

Fishmeal 0.03676 0.0201
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were determined by measuring absorbance at 260 and 280 nm in a Nanodrop (Thermo-

scientific, USA), and the RNA integrity was confirmed by agarose gel electrophoresis.

cDNA synthesis and real-time PCR (RT-PCR) analysis of GH, IGF-1
and IGF-2 genes in Oreochromis mossambicus

One microgram of RNA from each of the samples was used to prepare cDNA in 10 lL
nuclease-free water. Briefly, 1 lg of RNA was added to 10 lL PCR mix (Applied

Biosystem, USA). The RNAs were converted into cDNA using commercially available

cDNA Synthesis Kit (Applied Biosystem, USA). RT reactions were done with LC 480 RT-

PCR (Roche, USA). The primers (Table 3) for the specified genes were dissolved in

nuclease-free water according to the specification in the IDT (Integrated DNA Tech-

nologies, USA) primer chart sheet. Real-time PCR was carried out in a 20-lL system of

which different composition were mixed as follows: 10 lL SYBR, 1 lL reverse, 1 lL
forward primers and 2 lL cDNA. Template (cDNA) was diluted to 1:9 ratio (2 lL cDNA

and 18 lL nuclease-free water). The expression level of three genes IGF-1 (insulin-like

growth factor 1), IGF-2 (insulin-like growth factor 2) and GH (growth hormone) was

analysed with b-actin as the internal control. All the readings were performed in triplicate

with appropriate non-template control (NTC). Further, the specificity of primer and

homogeneity of the PCR product were confirmed by melt curve analysis post-amplifica-

tion. For the three genes, the melt curve analysis revealed a single peak. The relative

expression level of gene was calculated by 2-DDCT method (Livak and Schmittgen 2001).

Statistical analyses

The data were statistically analysed by one-way analysis of variance (ANOVA). The

significant difference among mean was determined by Duncan’s multiple range test

Table 2 Proximate composition
of the diet used in the study

n = 6

Johnson (2004)

Properties (%) Composition ± SD

Moisture 12.30 ± 0.71

Protein 40.02 ± 0.33

Lipid 9.14 ± 0.20

Carbohydrate 13.27 ± 1.01

Fibre 4.81 ± 0.14

Ash 2.11 ± 1.04

Table 3 Details of primers

Name of gene Forward primer Reverse primer

O. mossambicus GH AGCAACGTCAGCTCAACAAA CGATCGGGCTGATGATGTA

O.mossambicus bActin ACCCACACAGTGCCCATC CAGGTCCAGACGCAGGAT

O. mossambicus IGF-1 GGGAAGGAACAAATGGACAA TTACAGTGAACCATTCCACAGG

O. mossambicus IGF-2 CAACAGGCCAGTATGGGAAA ACAGGAGATGGGAGGACAGAT
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(Duncan 1955) at the level p B 0.05. All statistical analyses were performed using the

SPSS version 16 statistical package.

Results

The 0.5 and 1 % doses of curcumin increase the activity of a-amylase, protease and lipase

enzymes in the gut (Table 4). The activities of a-amylase, protease and lipase were higher

in 0.5 and 1 % curcumin-fed fish compared to control (p B 0.05). 0.5 % and 1 % cur-

cumin-fed fish showed significant increase in IGF-1 (Fig. 1) and IGF-2 (Fig. 2) genes in

muscle and GH (Fig. 3) gene expression in brain. Supplementation of curcumin at different

concentrations in the feed increased enzyme activities and the expression of GH, IGF-1 and

IGF-2 genes in O. mossambicus.

Discussion

Various strategies have been derived and adapted to enhance the quality and quantity of

aquaculture products. A growing interest has emerged in using plants containing numerous

bioactive phytoconstituents in finfish feed to promote growth (Chakraborty et al. 2014).

Table 4 Effect of different levels of dietary curcumin supplementation on digestive enzyme activities (unit/
lg protein) in Oreochromis mossambicus

Parameter Treatment

Control 0.5 % curcumin 1 % curcumin

a-amylase 226.54 ± 17.5a 367.438 ± 20.61b 379.143 ± 57.48b

Protease 61.25 ± 6.89a 128.07 ± 5.91b 98.329 ± 6.35c

Lipase (unit/lg 9 10-2) 24.41 ± 1.01a 35.89 ± 2.21b 43.9 ± 2.77c

Data are expressed as mean ± SE, n = 8 in triplicate tank. Values with different superscripts in the same
column are significantly different (p B 0.05)

Fig. 1 Relative gene expression of IGF-1. The values plotted are average of eight fish ± SE. CTRL—fish
fed with control feed, 0.50—0.5 % curcumin-fed group, 1—1 % curcumin-fed group
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The present study was designed to analyse the effects of dietary polyphenolic phyto-

chemical curcumin on the activities of digestive enzymes and relative expression of GH in

brain, and IGF-1 and IGF-2 genes in muscle in teleost tilapia (O. mossambicus). The

results show that the activities of a-amylase, protease and lipase enzymes were higher in

0.5 and 1 % curcumin-fed fish when compared to control. The capacity of an animal to

obtain nutrients from a particular food source is largely determined by the profile and

activity of its digestive enzymes (Furne et al. 2005). The results denote that the increase in

the production of digestive enzymes and digestive capacity are correlated. a-amylase,

protease and lipase are the major enzymes which take part in the intestinal digestion

process. These enzymes are targets of several substrate forms, mainly carbohydrate, pro-

tein and lipids, respectively. Studies in albino rats showed that 0.5 % curcumin has also

improved intestinal lipase activity (Platel and Srinivasan 2000). Hu et al. (2003), Wang and

Wu (2007) have shown that curcumin enhanced growth performance and decreased feed

Fig. 2 Relative gene expression of IGF-2. The values plotted are average of eight fish ± SE. CTRL—fish
fed with control feed, 0.50—0.5 % curcumin-fed group, 1—1 % curcumin-fed group

Fig. 3 Relative gene expression of GH. The values plotted are average of eight fish ± SE. CTRL—fish fed
with control feed, 0.50—0.5 % curcumin-fed group, 1—1 % curcumin-fed group
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conversion ratio of grass carps (Ctenopharyngodon idells) and large yellow croaker

(Pseudosciaene crocea). Further, Cui et al. (2013) proved the beneficial dietary effects of

curcumin on growth performance, antioxidant ability and resistance to infection by S.

iniae. Long-term dietary supplementation of curcumin was proven to have a protective

effect in A. testudineus (Manju et al. 2013). Quillaja saponin-supplemented diet in

Cyprinus carpio was shown to increase the activity of the enzymes amylase and trypsin,

suggesting stimulation of protein and carbohydrate digestion in the intestine (Francis et al.

2002). Fish intestine plays an important role in the digestive and absorptive functions of

the alimentary tract, thereby showing a significant effect on fish nutrition and growth (El-

Bakery and El-Gammal 2010). Increase in the activity of enzymes suggests stimulation of

protein digestion in the intestine and thereby contributing to growth-promoting effects of

curcumin. Phytochemicals and their metabolic products may provide health benefits as

selective growth factors and fermentation substrates for beneficial gastrointestinal bacteria,

while acting as selective inhibitors of deleterious intestinal bacteria, thereby exerting

prebiotic-like effects in fish (Zheng et al. 2009; Harikrishnan et al. 2011). Curcumin is

known to have a large number of biologically active compounds such as triterpenoids,

alkaloids, reducing sugars that may exhibit immunomodulatory properties and act as a

prebiotic (Kurhekar 2013). Curcumin may also have acted as a prebiotic that enhanced the

balance of positive and negative intestinal flora, increased intestinal digestion and

absorption, thereby ultimately leading to stimulation of general health and growth increase

in fish.

Our lab is continuing studies on the long-term effects of curcumin on fish growth. Fish

fed with 0.5 and 1 % curcumin showed significant increase in GH in brain, and IGF-1 and

IGF-2 gene expression in muscle. The action of GH includes direct and indirect effects on

soma. Direct effects are based on the steps that boost protein synthesis such as RNA

synthesis, amino acid uptake, and indirect effect occurs through the release of two IGFs

such as IGF-1 and IGF-2 (Humbel 1990). In several species of fish, blood levels of IGF-1

or tissue levels of its mRNA positively correlate with dietary ration, protein content and

total body growth rate (Reinecke et al. 2005). Fish growth is positively correlated with

muscle growth and is controlled by extrinsic regulators such as IGF-1 and IGF-2 and

myostatin which are involved in fish myogenesis and have a role in muscle growth.

Moreover, the gene expression of IGF-1 and IGF-2 are dependent on the feeding regime

(Gabillard et al. 2006). Hence, curcumin may enhance nutrient utilization and stimulate

GH expression with subsequent increase in IGF-1 and IGF-2 expression which thereby

suggests a physiological mechanism for growth. Polyphenolic phytochemicals have been

reported to promote DNA, RNA and protein synthesis, stimulate GH and IGF-1 production

and function and other anabolic effects in fish, resulting in growth increase (Lee et al.

2005; Turan and Akyurt 2005a, b; Cek et al. 2007; Fernandez-Navarro et al. 2008, Goda

2008; Citarasu 2010). Curcumin has also shown to act directly on cultured muscle pre-

cursor cells to stimulate both cell proliferation and differentiation under appropriate

conditions (Srimal and Dhawan 1973). Curcumin may upregulate the expression of the

growth-related factors (IGF-1 and IGF-2) through IGF-signalling pathway.

In the present scenario, according to FAO projections of UN (2014), it is estimated that

in order to maintain the current level of per capita consumption, the global aquaculture

production needs to reach 80 million tonnes by 2050. The current strategy in aquaculture is

to increase the quality and quantity of the aquaculture products. The search is now on for

practices which enhance growth and provide safe and quality products. Currently, aqua-

culture production is dwindling due to the public concerns about aquaculture practices and

use of GM organisms. As a solution to this, curcumin a natural product from Curcuma
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longa provides to be a safe and viable alternative. Further studies are required to under-

stand the molecular mechanism of action of curcumin in fish.
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