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  Abstract       An 8-week feeding experiment was performed to evaluate the effect of dietary genistein 
on growth performance, body composition, and digestive enzymes activity of juvenile Nile tilapia 
( Oreochromis   niloticus ). Four isonitrogenous and isoenergetic diets were formulated containing four graded 
supplements of genistein: 0, 30, 300, and 3 000 μg/g. Each diet was randomly assigned in triplicate to tanks 
stocked with 15 juvenile tilapia (10.47±1.24 g). The results show that 30 and 300 μg/g   dietary genistein had 
no signifi cant effect on growth performance of Nile tilapia, but the higher level of genistein (3 000 μg/g) 
signifi cantly depressed the fi nal body weight and specifi c growth rate. There was no signifi cant difference 
in survival rate, feed intake, feed effi ciency ratio or whole body composition among all dietary treatments. 
An assay of digestive enzymes showed that the diet containing 3 000 μg/ggenistein decreased stomach and 
hepatopancreas protease activity, and amylase activity in the liver and intestine, while a dietary level of 
300 μg/g   genistein depressed stomach protease and intestine amylase activities. However, no signifi cant 
difference in stomach amylase activity was found among dietary treatments. Overall, the results of the 
present study indicate that a high level of dietary genistein (3 000 μg/g, or above) would signifi cantly reduce 
the growth of Nile tilapia, partly because of its inhibitory effect on the activity of major digestive enzymes. 
Accordingly, the detrimental effects of genistein, as found in soybean products, should not be ignored when 
applied as an alternative ingredient source in aquaculture. 
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 1 INTRODUCTION 

 Nile tilapia ( Oreochromis   niloticus ) is one of the 
most important commercial aquaculture and widely 
cultured species in China because of its rapid growth 
rate and consumer desirability (FAO, 2004). A 
previous study (NRC, 1993) has indicated that this 
species requires more than 40% protein in its feed, 
most of which could be provided by fi shmeal. 
However, because of limited supplies of fi shery 
products, the price of fi shmeal has increased greatly 
in recent years; therefore, plant protein has been 
considered important alternative ingredients (Tacon, 
1994; Mambrini et al., 1999; Refstie and Storebakken, 
2001). Soybean meal, which has a favorable amino 
acid profi le, high levels of crude protein, and is 
generally less expensive than fi shmeal, has become a 

potential protein source and substitute for fi sh meal 
(Lilleeng et al., 2007). However, soybean meal 
products are rich in isofl avones, as phenolic 
compounds, which may have a potential impact on 
fi sh growth. The three most abundant isofl avones 
found in soybeans are genistein, daidzein and 
glycitein, levels of which, depending on origins, 
range 619.1–2 367.9, 539.5–1 737.7, and 291.5–
600.8 μg/g, respectively (Tepavcevic et al., 2010). To 
date, the maximum concentrations of genistein and 
daidzein recorded in soybean products are 5 900 and 
1 990 μg/g, respectively (Mambrini et al., 1999) and, 
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if the protein source in fi sh feed is completely 
composed by this soybean protein, the genistein and 
daidzein levels will be nearly 3 000 and 1 000 μg/g, 
respectively. In fact, Ishibashi et al. (2002) reported 
the total isofl avone content of commercial carp and 
trout feed as 810 and 80 μg/g, respectively.  

 Soy isofl avones may have potent biological effects 
on animals, including humans (Friendman and Baron, 
2001), farm animals (Jiang and Jiang, 2006) and fi sh 
(Zhang, 2010). To date, most research has focused on 
their estrogen/anti-estrogen effects and disease 
prevention. In the livestock and poultry sector, 
isofl avones, especially daidzein, are widely used as 
additives to increase the growth performance of sow 
piglets (German landrace) (Kuhnl et al., 2002), broiler 
chickens (Redbro) (Han and Wang, 1993), ducks 
(Shaoxing ducks) (Zhou et al., 2002) and ewes (Polish 
lowland) (Wojcik-Gładysz et al., 2005). However, 
most of the current studies on fi sh were performed to 
evaluate the indirect effects of isofl avones on growth 
performance by partial or total replacement of 
fi shmeal by soybean meal in the diets. Results have 
been contradictory. The majority of studies have 
indicated that growth was inhibited (Kaushik et al., 
1995; El-Saidy and Gamber, 2002; Francesco et al., 
2004; Yamamoto et al., 2007), but some studies have 
demonstrated no signifi cant effects (Robaina et al., 
1995; Storebakken et al., 1998; Carter and Hauler, 
2000; Lin and Luo, 2011), and a few investigations 
showed improved growth (Abel et al., 1984; Ai and 
Xie, 2002; Sun, 2008). Moreover, research on the 
direct effects of dietary isofl avones on growth 
performance and feed use is scarce and previous 
relevant studies on fi sh have been controversial 
(Kinarm et al., 1999; Catherine et al., 2001; Pollack et 
al., 2003; Cai, 2006; Zhang, 2010) .

 Genistein is the most abundant and most 
biologically active isofl avone in soybeans. This study 
investigated the effect of dietary genistein on the 
growth performance, body composition and digestive 
enzymes activity of juvenile Nile tilapia ( O .  niloticus ) 
to establish of how genistein affects the growth of 
 O .  niloticus .  

 2 MATERIAL AND METHOD 

 2.1 Experimental diets 

 Fishmeal and fi sh oil were used, respectively, as 
protein and lipid sources. Four isonitrogenous and 
isocaloric diets (Diet 1, Diet 2, Diet 3, and Diet 4) 
were formulated containing progressively increased 

levels of genistein (0, 30, 300, and 3 000 μg/g; Table 1). 
The ingredients were initially ground to a fi ne powder 
through a 320-μm mesh, mixed thoroughly and then 
fi sh oil and water were added successively to produce 
a dough. The dough was pelletized in an experimental 
feed mill and dried for 24 h at 45°C. The diets were 
eventually sieved into a suitable pellet size 
(1.5 mm×3.0 mm), and stored at -20°C. 

 2.2 Experimental procedures 

 Juvenile tilapia ( O .  niloticus ) were obtained from 
the National Tilapia Breeding Farm of Qingdao. 
Before the experiment, the juvenile fi sh were fed Diet 
1 for 2 weeks to acclimatize to breeding conditions. 
At the beginning of the experiment, the fi sh were 
fasted for 24 h and weighed after being anesthetized 
in 75 mg/L MS-222 (Sigma, St. Louis, MO, USA). 
Fish of similar sizes (initial weight 10.47±1.24 g) 
were randomly distributed into 12 tanks (50 L capacity 
fi lled to 30 L), and each tank was stocked with 15 fi sh. 
Each diet was randomly assigned to three tanks. Fish 

 Table 1 Formulation and proximate composition of the 
experimental diets (% dry matter) 

 Ingredients 
 Diet group (genistein supplementation levels,   g/g   diet) 

 Diet 1 (0)  Diet 2 (30)  Diet 3 (300)  Diet 4 (3 000) 

 Fish meal  60  60  60  60 

 Fish oil  2.5  2.5  2.5  2.5 

 Wheat fl our  33.7  33.697  33.67  33.4 

 Genistein 1  0  0.003  0.03  0.3 

 Mineral 
mixture 2  2  2  2  2 

 Vitamin 
mixture 3  1.5  1.5  1.5  1.5 

 Vitamin C  0.05  0.05  0.05  0.05 

 Antioxidant  0.05  0.05  0.05  0.05 

 Choline 
chloride  0.2  0.2  0.2  0.2 

 Crude protein  45.07  45.06  45.06  45.02 

 Crude lipid  6.37  6.37  6.36  6.36 

 Gross energy 
(kJ/g)  15.64  15.64  15.64  15.62 

 Genistein was purchased from Shenzhen Medherb Biotechnology Co. 
Ltd. Fish meal, fi sh oil, vitamin C, antioxidant, and choline chloride were 
supplied by Qihao Bio-Tech Company. Mineral mixture and vitamin 
mixture were obtained from Yellow Sea Fisheries Research Institute 
Chinese Academy of Fishery Sciences. Fishmeal contains 68.2% crude 
protein (dry matter) and 5.7% crude lipid (dry matter); wheat fl our contains 
14.4% crude protein (dry matter) and 2.2% crude lipid (dry matter). The 
crude protein and lipid of experiment diets were calculated according to 
the levels of feed ingredients (in the above), and the gross energy was 
calculated according to Ai et al. (2004).  
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were fed to satiation twice a day (09:30 and 16:00 h) 
for 8 weeks. The consumption of food in each cage 
was recorded. During the experimental period, rearing 
water temperature ranged from 26.0–30.0°C, 
dissolved oxygen concentrations ranged from 6.9 to 
7.1 mg/L, and pH value ranged from 7.4 to 7.8. Other 
water quality parameters, such as ammonia and 
nitrate, were maintained at acceptable levels by 
mechanical and biological fi ltration (Boyd, 1984).  

 2.3 Analysis and measurement 

 2.3.1 Sample collection  

 At the end of the experiment, the fi sh were 
harvested after fasting for 24 h. The number of 
survivors and mean bodyweight of each fi sh was 
recorded. Three fi sh from each tank were randomly 
selected and stored at -20°C to determine whole body 
composition. Intestinal, stomach, liver and 
hepatopancreatic sections were taken from another 
three fi sh per tank; the chyme was also removed from 
the stomach, cleaned in distilled water and then 
stored at -80°C for subsequent digestive enzyme 
assays. 

 2.3.2 Analysis of diets and fi sh body composition 

 Analyses of crude protein, lipid and ash of the 
experimental diets and fi sh body were performed by 
standard AOAC methods (AOAC, 1995). Samples 
of the diets and fi sh were dried to a constant weight 
at 105°C to determine dry matter content. Protein 
was determined by measuring nitrogen (N×6.25) 
using the Kjeldahl method. Lipid levels were 
quantifi ed by ether extraction using the Soxhlet 
method. The level of ash was measured by 
combustion at 550°C.  

 2.3.3 Digestive enzyme assay 

 Intestine, stomach, liver and hepatopancreas 
samples were weighed precisely (0.01 g), and then 
homogenized in ice-cold distilled water in the 
proportion of 1:9 (w/v). After centrifugation (2 500× g , 
10 min, 4°C), the supernatants were separated and 
kept at 4°C for analysis.  

 Protease activity was determined by the method of 
Natalia et al. (2004). One unit of protease activity 
(U/mg protein) was defi ned as 1 μg tyrosine liberated 
by hydrolyzing casein for 1 min at 37°C. 

 Amylase activity was analyzed according to 
Worthington (1993) by specifi c analytical procedures 

and commercially available kits (Jiancheng 
Bioengineering Institute, Nanjing, China). One unit 
of amylase activity (U/mg protein) was defi ned as 
1 mg glucose liberated by hydrolyzing starch for 
1 min at 40°C. 

 The protein concentration of the enzyme extracts 
was measured by the Bradford method (Bradford, 
1976) using bovine serum albumin as a standard 
protein. 

 2.4 Calculations and statistical analysis 

 The following variables were calculated (Hardy 
and Barrows, 2002): 

 Specifi c growth rate (SGR: %/day)=100(ln W  t −
ln W  0 )/ t , 

 Survival (%)=100× N  t / N  0 , 
 Feed intake (FI)= D  f /(( W  t + W  0 )/2 t ), 
 Feed effi ciency ratio (FER)=( W  t − W  0 )/ D  f , 

 where  W  t    and  W  0  represent fi nal and initial fi sh body 
weight, respectively;  N  t  and  N  0  represent fi nal and 
initial number of fi sh, respectively;  t  represents days 
of feeding experiment.  D  f  is the dry diet intake ( g ). 

 All data were subjected to analysis of variance by 
SPSS 16.0 for Windows and differences among the 
means were tested by Tukey’s multiple range tests as 
described by Dytham (1999). The level of signifi cance 
chosen was  P <0.05.  

 3 RESULT 

 3.1 Survival and growth performance 

 Survival rates ranged from 91.11% to 93.33%, and 
was independent of dietary treatment ( P >0.05) 
(Table 2). There was no signifi cant difference in fi nal 
body weight and SGR among fi sh fed Diet 2 and Diet 
3 compared with the control diet (Diet 1); however, 
the fi nal body weight and SGR of fi sh fed Diet 4 
signifi cantly decreased by 15.82% and 12.30%, 
respectively, compared with control. No signifi cant 
difference in feed intake (FI) or feed effi ciency ratio 
(FER) was found among all dietary treatments 
( P >0.05). 

 3.2 Body composition 

 The whole body composition of Nile tilapia at the 
end of growth trial is presented in Table 3. There was 
no signifi cant difference in body composition 
( P >0.05) among all dietary treatments with graded 
supplementation of genistein.  
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 3.3 Digestive enzymes activities 

 Stomach and hepatopancreas protease activities of 
fi sh fed with Diet 4 were signifi cant lower than those 
of control. Similarly, stomach protease activity of fi sh 
fed with Diet 3 decreased signifi cantly compared with 
control. Liver and intestine amylase activities of fi sh 
fed with Diet 4 were signifi cant lower than those of 
control, while intestine amylase activity of fi sh fed 
with Diet 3 decreased signifi cantly compared with 
control. No signifi cant difference in stomach amylase 
activity was found among all dietary treatments 
( P >0.05). 

 4 DISCUSSION 

 In the present study, the protein content of the four 
diets was set at ~45% to meet the dietary requirements 
of tilapia (NRC, 1993). In addition, considering a 
maximum concentration of genistein in soy products 
of ~5 900 μg/g, a maximum supplementation of 
3 000 μg/g genistein was added, which was 
approximately equal to the genistein levels when 
fi shmeal was totally replaced by soybean meal. 

Furthermore, purifi ed genistein was used in order to 
exclude the effects of other unknown factors in 
soybean meal. Although some anti-nutritional factors 
may impede fi sh growth by suppressing feed intake 
(Wang and Li, 2007), no signifi cant differences in 
feed intake or feed effi ciency ratios were observed 
among all dietary treatments in this study. Thus, the 
differences in growth performance can only be 
attributed to dietary genistein levels. 

 The present study indicated that the lower dietary 
levels of genistein supplementation (i.e. 0 and 
300 μg/g) did not signifi cantly decrease the growth of 
Nile tilapia. Similar results have also been reported in 
Nile tilapia (Rodriguez, 2005) and rainbow trout 
( Oncorhynchus   mykiss ) (Catherine et al., 2001) for a 
dietary genistein supplementation of 500 μg/g. 
Furthermore, no signifi cant difference in growth 
performance was found in Yellow Perch ( Perca  
 fl avescen  s ) fed a dietary genistein content of 750 μg/g  
 (Kinarm et al., 1999). Nevertheless, our results 
showed that the higher dietary level of genistein 
(3 000 μg/g) greatly depressed growth performance 
by reducing the fi nal body weight and SGR of Nile 

 Table 2 Survival and growth performance of Nile tilapia fed diets containing different concentrations of genistein for 8 weeks 

 Diet group (genistein level   g/g)  Final body weight (g)  SGR (%/d)  Survival rate (%)  FI  FER 

 Diet 1 (0)  43.75±1.64  2.52±0.07  93.33±0.04  3.07±0.09  0.73±0.04 

 Diet 2 (30)  43.30±2.10  2.47±0.09  91.11±0.02  3.06±0.13  0.74±0.05 

 Diet 3 (300)  45.20±2.39  2.55±0.10  91.11±0.05  2.89±0.12  0.81±0.06 

 Diet 4 (3 000)  36.83±1.80 *   2.21±0.09 *   93.33±0.06  3.24±0.14  0.65±0.05 

 Values are presented as mean±SD of triplicate samples. *Indicates a statistically signifi cant difference from the control group ( P <0.05). 

 Table 3 Body composition of Nile tilapia fed diets containing different concentrations of genistein for 8 weeks   

 Diet group (genistein level   g/g)  Moisture (%)  Crude protein (% ww)  Crude lipid (% ww)  Crude ash (% ww) 

 Diet 1 (0)  72.28±0.54  17.89±0.22  5.84±0.30  4.78±0.23 

 Diet 2 (30)  71.30±0.58  16.63±0.09  6.39±0.47  4.40±0.02 

 Diet 3 (300)  72.70±1.42  16.51±0.72  5.27±1.10  5.24±0.50 

 Diet 4 (3000)  72.84±1.03  16.67±0.25  4.82±0.92  4.99±0.03 

 Values are presented as mean±SD of triplicate samples. ww: wet weight. 

 Table 4 Effect of genistein on protease and amylase activity in Nile tilapia 

 Diet group (genistein level   g/g) 
 Protease activity (U/mg protein)  Amylase activity (U/mg   protein) 

 Stomach  Hepatopancreas  Liver  Intestine  Stomach 

 Diet 1 (0)  10.89±0.97  1 679.10±151.32  28.76±5.08  40.63±2.19  8.13±1.84 

 Diet 2 (30)  7.94±1.13  1 731.89±69.11  21.29±1.57  40.49±1.88  8.58±1.2 

 Diet 3 (300)  5.88±0.54 *   1 749.71±117.92  20.13±3.42  29.04±6.37 *   9.48±2.01 

 Diet 4 (3 000)  3.88±1.44 *   1 264.75±54.94 *   11.90±1.75 *   27.10±3.77 *   8.54±0.56 

 Values are presented as mean±SD of triplicate samples. *Indicates a statistically signifi cant difference from the control group ( P <0.05). 
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tilapia by 15.82% and 12.30%, respectively. Similar 
results have been reported in Japanese fl ounder 
( Paralichthys   olivaceus ), showing that a level of 
3 100 μg/g genistein signifi cantly depressed growth 
performance of this species (Cai, 2006). Additionally, 
Zhang (2010) found that the fi nal body weight of 
allogynogenetic silver crucian carp ( Carassius  
 auratus   gibelio×Cyprinus   carpio ) fed a diet 
containing a high level of genistein (7 200 μg/g) was 
signifi cantly decreased by 10.4% compared with the 
control group. However, no signifi cant differences 
were recorded among growth variables in striped bass 
( Morone   chrysops ) fed a high dietary level of genistein 
(8 000 μg/g) (Pollack et al., 2003). Thus, the 
contradictory reports from the different studies may 
be due to species, developmental stage and/or sex 
(Kinarm et al., 1999; Pollack et al., 2003; Rodriguez, 
2005; Cai, 2006; Zhang, 2010).  

 The growth of fi sh is primarily regulated by 
nutrition and endocrine factors. Regarding nutrition, 
nutrient use ability is considered the most infl uential 
factor contributing to the growth performance of fi sh. 
The activity of digestive enzymes determines the 
ability of fi sh to digest and absorb nutrients, and 
digestive enzyme activity is generally regarded as a 
predictor of potential feed use and growth performance 
(Rungruangsak, 2001). In this study, protease and 
amylase activities were found to decrease with 
decreasing SGR, i.e. a positive correlation between 
them, which is in agreement with the fi ndings of 
Lemieux et al. (1999) and Krogdahl et al. (2003).  

 The present study also showed that the higher 
dietary level of genistein (3 000 μg/g) signifi cantly 
decreased protease and amylase activities. This is 
consistent with the results of Cai (2006) who found 
that the activities of protease and amylase in Japanese 
fl ounder decreased signifi cantly with the incorporation 
of a genistein level of 3 100 μg/g. Furthermore, Mao 
et al. (2009) demonstrated that protease and amylase 
activity in goldfi sh were also depressed signifi cantly 
by an intraperitoneal injection of genistein (0–
20 μg/g). The reduced digestive enzyme activities 
may be due to decreased gene expression of the 
relevant digestive enzymes, regulated by dietary soy 
isofl avones (Mi, 2008). However, the actual 
mechanism has still not been fully clarifi ed. In 
addition, genistein may interfere with the activities of 
protease and amylase by modifying the spatial 
structure of the digestive enzymes (Zhao, 2006). 

 The nutritional value of fi sh is a crucial aim of 
aquaculture; thus, body composition of aquatic 

species is of particular research interest. The majority 
of studies have demonstrated that there is no 
signifi cant effect of dietary isofl avones on crude 
protein content in Japanese fl ounder (Mai et al., 2012) 
or tilapia (Lin and Luo, 2011), which was consistent 
with this study. However, dietary isofl avones can 
affect crude lipid levels. In the present study, no 
signifi cant difference was found in body composition 
among all dietary treatments (with genistein levels of 
0–3 000 μg/g). Similar results have been observed in 
Japanese fl ounder fed diets containing 0.08%–0.64% 
isofl avone (Chen, 2009) and in tilapia fed diets 
supplemented with soybean meal as a substitute for 
20%–100% fi sh meal (Lin and Luo, 2011). However, 
Mai (2012) found that the whole-body crude lipid 
content of fi sh decreased signifi cantly with a high 
level of genistein (8 000 μg/g) supplementation in the 
diet, a result that may be due to the particularly high 
experimental concentration of genistein. Currently, 
the mechanism of isofl avone involvement in lipid 
metabolism remains unclear. Limited research from 
rats indicates that genistein may regulate lipid 
metabolism by inhibiting the gene expression of 
lipoproteinesterase or by activating the peroxisome 
proliferation receptor (PPAR) which, after combining 
with genistein, then changed the related gene 
expression (Xiao et al., 2008). 

 In conclusion, the present study showed that the 
highest dietary level of genistein (3 000 μg/g) greatly 
depressed the growth performance of Nile tilapia by 
reducing the fi nal body weight and SGR, while lower 
levels of genistein (0–300 μg/g) had no effect on 
growth performance. The suppressing effect of the 
higher dietary genistein level on Nile tilapia growth 
may be partly due to decreased protease and amylase 
activity. Accordingly, the adverse effect of genistein 
as found in soybean products should not be neglected 
when used as an alternative fi sh feed ingredient in 
aquaculture. 
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