
The Israeli Journal of Aquaculture - Bamidgeh, IJA_71.2020. 1200227, 10 pages 
CCBY-NC-ND-4.0 • https://doi.org/10.46989/001c.21646 

* Corresponding author. Professor Feng Huang, Tel: +86-27-83956175; Fax: +86-27-
83956175; Email: huangfeng0001@aliyun.com 

 
  
                              
 

 
Effects of Dietary Lipid Levels on Growth Performance, Whole 
Body Composition and Digestive Enzyme Activity of Juvenile 

Bighead Carp (Aristichthys nobilis) 
 
 

Fangfang Cai1, Yan Wang1, Xianqin Hu1, Feng Huang1*, Fucheng Wang2, 
Hongming Liu1 

 
Key Laboratory for Animal Nutrition and Feed Science of Hubei Province, Wuhan 1

Polytechnic University, Wuhan, China 
Zhanyou Biotechnology Co., Ltd of Hubei Province, Xiaogan China2 

 
 

Key words: lipid level; bighead carp; growth performance; fish body composition; 
digestive enzyme. 

 
Abstract 

A 60-day study was conducted to investigate the effects of dietary lipid levels 
on growth, whole body composition and digestive enzyme activity of bighead 
carp (Aristichthys nobilis) with initial average weight (3.28 ± 0.11) g. Six 
isonitrogenous (40.25% crude protein) diets were formulated to contain graded 
contents of lipid (4.72%, 7.31%, 11.02%, 14.90%, 17.14%, and 19.37%) 
using corn oil and soybean oil as main lipid source. The results showed that the 
maximum weight gain (WG) and specific growth rate (SGR) were recorded at 
11.02% dietary lipid level. Significant alterations were demonstrated on whole-
body composition by different dietary lipid levels. Crude lipid content of whole 
body increased in parallel with the increase of dietary lipid levels. Fish fed diet 
with 11.02% lipid level showed lowest moisture and ash content. The activities 
of amylase and protease initially increased before decreasing, and the highest 
activities of amylase and protease were obtained in individuals fed the 11.02% 
lipid content diet. There were no significant differences in condition factor (CF) 
and hepatosomatic index (HSI) (P >0.05). Based on the polynomial regression 
analysis of WG and SGR, this study suggested that the optimum dietary lipid 
requirement of juvenile bighead carp was estimated to be 7.77%~8.31%.        
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Introduction 
Lipid is one of the most important nutrients second only to protein and plays an important 
role in the optimal use of protein for growth (Cho and Kaushik, 1990). Fish are limited in 
their ability to use carbohydrates as a source of energy, while lipids are the main source of 
optimal growth and survival (Krogdahl et al., 2004). In addition to be the major energy 
source, dietary lipid is also the source of fatty acids necessary for the synthesis of new cell 
lipids for growth and reproduction, and for the turnover of existing lipids (Halver, 2002).  

A large number of researches have been conducted to assess the effects of lipid levels 
on fish growth. Within a certain range, increasing the level of lipid in the diets has been 
shown to improve the utilization efficiency of diet and growth performance (Peres and 
Oliva-Teles, 1999). However, excessive dietary lipid could lead to reduced growth (Meng et 
al., 2019), excess fat deposition (Chatzifotis et al., 2010) and hepatic steatosis (Gauthier 
et al., 2007). Therefore, the requirements for the quantification of lipid in feed and their 
use in farmed fish should be carefully evaluated and determined.  

Bighead carp (Aristichthys nobilis), one of the main species of freshwater aquaculture 
fish in China, is known as the four domestic Chinese carps, together with grass carp, black 
carp and silver carp. Owing to the short food chain, rapid growth, less disease and low 
cultivation costs, bighead carp is very suitable for large-scale cultivation, and the total yield 
of bighead carp has been maintained at about 3 million tons in recent years (in China). 
The head of bighead carp is highly valuable for cooking and widely used in soup due to its 
delicious taste and rich collagen (Hong et al., 2013). 

The information on the nutrient requirements of bighead carp has been studied in 
recent years, such as vitamins (Santiago and Gonzal, 2000), phosphorus (Ji et al., 2017), 
calcium (Liang et al., 2018), protein (Liu et al., 2019) and iron (Feng et al., 2019). The 
optimal dietary lipid levels for carps have been studied and widely reported by many 
researchers (Wang et al., 2014; Huang et al., 2019; Wu et al., 2020; etc.). However, no 
data were available on quantitative requirements of dietary lipid in bighead carp in farmed 
environment. Therefore, it is urgent to develop the low-cost grower feed and determine 
the optimal dietary lipid level of bighead carp. Taking that into account, the purpose of this 
study was to assess the influence of dietary lipid levels on the growth, whole body 
composition and digestive enzyme activities in juvenile bighead carp. Responses to these 
parameters were used to deduce an optimum dietary lipid level in this fish, so as to provide 
scientific reference for the research and development of high-efficiency compound diet for 
bighead carp. 
 

Materials and Methods 
All feed ingredients were analyzed before use and the data obtained served as the basis 
for required formulation. Six isonitrogenous diets (40.25% crude protein) were prepared 
with graded lipid levels (4.72%, 7.31%, 11.02%, 14.90%, 17.14% and 19.37%). As shown 
in Table 1, Fish and casein meal were served as protein sources, lipid sources were 
supplied by soybean oil and corn oil (1: 1 mixture). All ingredients were made into 0.63 
mm size pellet feed, dried at air temperature and then stored at -20 °C until future use. 

Juvenile A. nobilis were taken from a fish farm in Dongxihu District, Hubei Province, 
China, and domesticated for 30 days before the feeding trial. At the start of the trial, the 
fish were starving for 24 h. Then, 270 healthy fish with similar size (initial body weight, 
3.28 ± 0.11 g) were randomly selected and stocked into eighteen cages (water volume, 
300 L; diameter, 80 cm; height, 60 cm). 15 fish in each cage were randomly fed six 
different diets, each group with triplicates. All cages had similar condition. During the 
experimental period, dissolved oxygen was higher than 6 mg/L, water temperature 
maintained at about 25 °C–28 °C, pH 7.0–7.5, and the ammonia nitrogen monitored once 
a week. Fish were fed to apparent satiation by hand three times daily (08:30, 13:00 and 
17:30) for 60 days. Uneaten feed and feces have been cleared before feeding. 

After starving for 24 h, all fish in each cage were captured for measure and dissection. 
Body weight, liver weight and body length were measured, respectively. The weight gain 
(WG; %), specific growth rate (SGR; %/day), condition factor (CF) and hepatosomatic 
index (HSI) were calculated as follows: 
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WG (%) = 100× (final body weight (g) – initial body weight (g)) /initial body weight (g) 
SGR (%⁄d) = 100× [(ln (final body weight (g)) – ln (initial body weight (g))) / 60 days] 
CF (g/cm3) =100×final body weight (g)/ [body length (cm)]3 
HSI (%) = 100×liver weight (g)/final body weight (g) 

The fish in each cage were randomly selected for whole body composition analysis 
(crude lipid, protein, moisture, and ash). The fish whole body moisture was measured by 
drying in an oven at 105 °C until the weight was constant. The crude protein contents were 
measured by the Bradford method (Bradford, 1976). The crude lipid was determined by 
ether extraction after acid hydrolysis. Ash content was measured after combustion in a 
muffle furnace at 550 °C for 5 h.  

For the digestive enzymes, the fish were immediately dissected for foregut, hindgut, 
and liver sampling at ice plate. All samples were homogenized in 10 volumes (w/v) of ice 
deionized distilled water and centrifuged at 12000×rpm for 20 min at 4 °C. The 
supernatants were collected for enzyme activity analysis. One unit of amylase activity was 
defined as 1 mg maltobiose released by starch in 1 min at 30 °C. One unit of protease 
activity was defined as 1 µg tyrosine released by hydrolysing casein in 1 min at 30 °C.  

All data were expressed as the mean ± standard error of the mean (mean ± SE). The 
statistical difference was analyzed by one-way ANOVA and Duncan's multiple comparison 
test executed in SPSS17.0 software. One-way ANOVA were performed for each sample, 
and P < 0.05 was considered as a significant difference. 

 
 

Table 1 Composition and proximate analyses of the experimental diets (g 100 g-1 of 
dry matter) 

Dietary ingredients 
(%) 

Dietary lipid levels (%) 

4.72 7.31 11.02 14.90 17.14 19.37 

Casein 35 35 35 35 35 35 
Soybean meal 13 13 13 13 13 13 
Fish meal 7 7 7 7 7 7 
Starch 18.2 18.2 18.2 18.2 18.2 18.2 
Wheat shorts 5 5 5 5 5 5 
Corn oil 0 1.5 3 4.5 6 7.5 
Soybean oil 0 1.5 3 4.5 6 7.5 
Mineral premix1 3 3 3 3 3 3 
Vitamin premix2 1 1 1 1 1 1 
Choline chloride 0.3 0.3 0.3 0.3 0.3 0.3 
Ca(H2PO4)2 2.5 2.5 2.5 2.5 2.5 2.5 
Cellulose 15 12 9 6 3 0 
Chemical composition (g 100 g-1 in dry matter) 

Moisture 12.99 13.35 10.34 10.45 10.12 9.51 
Crude lipid 4.72 7.31 11.02 14.90 17.14 19.37 
Crude protein 39.72 39.93 40.31 40.12 40.91 40.52 
Crude ash 7.18 7.18 7.92 7.62 7.34 7.11 
1Per kilogram of mineral premix containing (g/kg mixture): MgSO4·7H2O, 745 g; 
FeSO4·H2O, 125 g; ZnSO4·7H2O, 28.24 g; MnSO4·5H2O, 12.96 g; CuSO4·5H2O, 2.48 
g; AlCl3·6H2O, 0.8 g; CoCl2·6H2O, 0.08 g; KIO3, 0.24 g; starch, 85.2 g. 
2Per kilogram of vitamin premix containing: vitamin A, 700,000 IU; vitamin D3, 
350,000 IU; vitamin K, 3.5 g; vitamin E, 16 g; vitamin B1, 3.5 g; vitamin B2, 7 g; 
vitamin B6, 7 g; vitamin B12, 0.007 g; biotin, 0.03 g; folic acid, 1.6 g; niacin, 35 g; 
Ca-D-pantothenate, 16 g; inositol, 35 g; vitamin C, 35 g. 
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Results 

The results of growth performance of A. nobilis fed with different lipid level diets for 60 
days were presented in Table 2. Survival rate (SR) was not significantly affected by dietary 
lipid level. WG and SGR were significantly affected by the dietary lipid levels (P < 0.05). 
The final weight, WG and SGR reached the maximum value in 11.02% lipid level group, 
which were 10.95 g, 232.49% and 2.00%, respectively. As dietary lipid increased from 
11.02% to 19.37%, the final weight, WG and SGR of A. nobilis were decreased significantly 
(P < 0.05). The quadratic regression equation between WG and dietary lipid level was y = 
–1.0586 x2 + 16.44 x + 157.64 (R2 = 0.9342), and the optimum dietary lipid level was 
determined to be 7.77% for the maximum WG. The quadratic regression equation between 
SGR and dietary lipid level was y = –0.00785 x2 + 0.13044 x + 1.4145 (R2 = 0.9553), and 
the optimal dietary lipid level was measured to be 8.31% for the maximum SGR. 

At the end of the feeding experiment, the morphometrical parameters including CF and 
HSI of A. nobilis in each group were measured. As shown in Table 2, the CF and HSI were 
not significantly influenced by dietary lipid levels (P > 0.05). 

As shown in Table 3, the whole-body composition was affected by dietary lipid levels 
(P < 0.05). The crude lipid content was increased gradually with dietary lipid levels 
increased from 4.72% to 17.14%, and when the dietary lipid level was higher than 17.14%, 
it showed a significant decline. The crude lipid content in 17.14% dietary lipid group 
reached the highest level, which was significantly higher than that in 4.72%, 7.31%, 11.02% 
and 19.37% group (P < 0.05), but there was no significant difference with 14.90% group 
(P > 0.05).  

The crude protein content increased as dietary lipid levels increased from 4.72% to 
14.90%, and achieved the highest level in fish fed the 14.90% diet, which was significantly 
higher than that in 4.72% group (P < 0.05), but there was no significant difference among 
other groups (P > 0.05).  

The moisture and ash contents first decreased and then increased with the increase in 
dietary lipid, and they reached the lowest amount in 11.02% lipid group. The ash content 
in 11.02% dietary lipid group was significantly lower than that in 7.31%, 14.90%, 17.14% 
and 19.37% group (P < 0.05), and the moisture of fish fed diets with 11.02% lipid group 
was significantly lower than that in 7.31% and 19.37% group (P < 0.05). 

The amylase activities in the foregut, hindgut and liver increased with increasing dietary 
lipid levels up to 11.02% diet and thereafter decreased (Table 4). The amylase activity in 
the foregut of the 11.02% lipid group was significantly higher than that in the other groups 
(P < 0.05). The amylase activity in the hindgut and liver of the 11.02% lipid group was 
significantly higher than that of the 19.37% lipid group (P < 0.05), but there was no 
significant difference with the other four groups (P > 0.05).  

The protease activity in the foregut and liver was not significantly affected by different 
dietary lipid levels (P > 0.05) (Table 5). However, dietary lipid level had a significant effect 
on protease activity in the hindgut (P < 0.05), that is, with the increase of lipid level, 
protease activity in the hindgut increased and thereafter decreased, the protease activity 
of hindgut reached the maximum value in 11.02% lipid group, which was significantly 
higher than that of 17.14% and 19.37% lipid group (P < 0.05). 
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Table 3 Effect of different dietary lipid levels on whole body composition (wet 

basis) of A. nobilis 

Diet Crude protein (%) Crude lipid (%) Ash (%) Moisture (%) 

4.72% 56.48±1.17a 18.16±0.50a 11.16±0.46ab 75.49±0.77ab 

7.31% 58.09±1.14ab 18.94±0.48ab 11.81±0.52b 76.55±0.84b 

11.02% 58.25±0.82ab 19.33±0.23ab 10.43±0.23a 74.22±0.53a 

14.90% 60.16±0.66b 20.16±0.63bc 12.47±0.44bc 75.37±0.76ab 

17.14% 58.91±0.89ab 21.39±0.32c 12.47±0.47bc 75.87±0.58ab 

19.37% 58.14±0.83ab 19.40±0.27ab 13.25±0.43c 76.96±0.45b 

Each parameter is presented as the mean standard error. Superscript letters of 
data in the same column indicate significant differences (P <0.05). 

 
 

Table 4 Effects of different dietary lipid levels on the amylase 
activity (mg·maltose/min·g) of A. nobilis 

Diet                Foregut                Hindgut                Liver 

4.72% 0.73±0.03a 0.67±0.06ab 0.46±0.01ab 

7.31% 0.77±0.01a 0.72±0.01ab 0.46±0.01ab 

11.02% 0.95±0.10b 0.75±0.01b 0.47±0.04b 

14.90% 0.73±0.05a 0.71±0.05ab 0.44±0.03ab 

17.14% 0.70±0.03a 0.69±0.02ab 0.43±0.01ab 

19.37% 0.66±0.01a 0.62±0.02a 0.42±0.01a 

Each parameter is presented as the mean standard 
error. Superscript letters of data in the same column indicate 
significant differences (P <0.05). 

Table 2 Growth, Condition factor (CF) and hepatosomatic index (HSI) of A. nobilis fed 
with experimental diets 

 

Diet Initial 
weight/g 

Final 
weight/g WG/% SGR 

(%/d) CF/% HSI/%        SR/% 

4.72% 3.25±0.08 10.31±1.18c 216.34±33.4c 1.89±0.19c 1.91±0.03 2.15±0.15 100±0.00 

7.31% 3.34±0.11 10.21±0.75c 206.02±4.16c 1.86±0.22c 1.95±0.04 2.06±0.16 100±0.00 

11.02% 3.30±0.06 10.95±0.29c 232.49±14.97c 2.00±0.08c 1.95±0.03 2.16±0.10 100±0.00 

14.90% 3.28±0.08 8.14±0.18b 148.93±9.79b 1.52±0.07b 2.04±0.05 2.20±0.16 100±0.00 

17.14% 3.27±0.08 7.63±0.28ab 133.92±14.45ab 1.41±0.10b 2.00±0.04 2.21±0.13 100±0.00 

19.37% 3.29±0.08 5.92±0.10a 80.27±7.16a 0.98±0.06a 2.00±0.06 2.26±0.11 100±0.00 

Each parameter is presented as the mean standard error. Superscript letters of data in 
the same column indicate significant differences (P <0.05). 
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Table 5 Effects of different dietary lipid levels on the protease 
activity (µg·Tyr/min·g) of A. nobilis 

Diet  Foregut  Hindgut  Liver  

4.72% 217.54±52.86 168.13±18.10bc 38.80±5.18 

7.31% 221.68±13.99 170.69±4.00bc 41.90±1.76 

11.02% 226.87±32.30 187.48±13.22c 42.84±2.54 

14.90% 180.45±22.92 136.91±6.86abc 39.85±4.50 

17.14% 160.34±28.86 125.58±16.14ab 37.23±0.78 

19.37% 139.02±13.12 111.95±13.50a 36.45±2.03 

Each parameter is presented as the mean standard 
error. Superscript letters of data in the same column indicate 
significant differences (P <0.05). 

 
 

 
Discussion 

Lipids in diets not only provides source of energy and essential fatty acids for fish growth, 
but also acts as solvent for fat-soluble vitamins (Halver, 2002). Suitable dietary lipid is 
beneficial to promote fish growth, while low or high dietary lipid is not conducive to the 
growth and development of fish. It is obvious that the best growth performance of A. nobilis 
was obtained in the 11.02% lipid group, and the decrease in growth with increasing dietary 
lipid above this level was observed in this study (P < 0.05). Moreover, the WG and SGR 
decreased significantly in A. nobilis fed higher lipid diets (14.90%-19.37%), indicating that 
excessive dietary lipid levels lead to obvious growth depression. These findings are 
consistent with the earlier workers in Puntius gonionotus (Mohanta et al., 2008) and 
Carassius auratus (Wang et al., 2014). The decrease in growth at high lipid level may 
attributed to reduced ability to digest and absorb high lipid, reduced feed intake or 
imbalance of fatty acids in feed (Han et al., 2014).  

According to the research of Xiang et al. (2009), the best growth performance of 
Erythroculter ilishaeformis was found in the lipid diets from 7.88% to 9.18%. In this study, 
based on WG and SGR, the largest increases of A. nobilis were at dietary lipid levels of 
7.77%–8.31%. This was in accordance with previous report, and also close to the optimum 
lipid requirement of Gymnocypris przewalskii (7.35%) (Meng et al., 2017) and Elopichthys 
bambusa (7.71%) (Zhao et al., 2012). However, it is higher than Megalobrama 
amblycephala (3.6%, Liu et al., 1992) and lower than Cyprinus carpio (18%, Corraze, 
2001). Different fish species have different dietary lipid requirements, which may be 
related to dietary formulation, growth stage, and environment conditions. In addition, the 
fish at different growth stage have different dietary lipid requirement, the best growth for 
bighead carp fry (0.0485± 3.5 g) was at lower dietary lipid level (4.26%), and the increase 
in dietary lipid from 4.62% to 6.95% depressed growth (Trono-Legiralde, 1996), this 
finding is inconsistent with our present study.  

There are many studies on the influence of dietary lipid levels on fish body composition, 
but few on the nutrient composition of A. nobilis. Reports have shown that high lipid level 
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in diets can increase the crude lipid content of fish body, and excessive fat will be deposited 
in the abdominal cavity and muscle tissue of fish body (Peres and Oliva-Teles, 1999). In 
this experiment, compared with 4.72% and 7.31% lipid levels, fish fed with 11.02% to 
17.14% lipid level diets showed higher crude lipid contents, indicating that with the 
increase of dietary lipid level, the lipid deposition in the fish body may be enhanced. The 
result was accordant with that in cobia (Rachycentron canadum; Wang et al., 2005) and 
grass carp (Ctenophryngodon idella; Köprücü, 2012). Thus, for different species of fish, an 
increase in dietary lipid levels should be carefully assessed, as this may result in excessive 
fat deposition in fish.  

The decrease in crude protein and moisture content were observed with Epinephelus 
bruneus fed higher dietary lipid levels (Kakuta et al., 2010), which was also reported in 
Carassius auratus (Wang et al., 2014). However, in the present study, the protein content 
of the juveniles increased with the increasing dietary lipid level up to 14.90%, and 
thereafter showed a downward trend. The variation trend of moisture content was 
completely opposite to that of protein content, and as dietary lipid level reached 11.02%, 
the moisture content of bighead carp was the lowest (P <0.05). These results of this study 
differed from those reported above, possibly due to differences in fish species, dietary lipid 
level, lipid source and season, and the related mechanisms should be further discussed in 
future studies. 

HSI is an indication of the body condition of the fish, HSI values in the present study 
were not significantly influenced by the dietary lipid levels. No differences in the HSI were 
found in other species due to changes in dietary lipid level (González-Félix et al., 2015; 
Yuan et al., 2016). CF is an important tool of measuring body shape and a good indicator 
of reflecting dietary condition (Grigorakis, 2007). There were no significant differences 
among the six dietary lipid groups in CF, which showed a slight upward and then downward 
trend in the process of the experiments. Inconsistent with the results of this study, some 
researchers found that CF value decreased with the increase of dietary lipid level 
(Chatzifotis et al., 2010). The result of the present study was not consistent with previous 
studies, suggesting that the differences between these researches may be due to the 
differences in dietary structure and lipid source. 

The growth process involves many factors, among which the digestion and absorption 
of organisms are strongly influenced. Digestive enzymes are vital substances that maintain 
the normal metabolism of the body, the activity of fish digestive enzymes is the response 
of fish body to the digestibility of nutrients (Hidalgo et al., 1999). There are many studies 
on the effect of dietary lipid levels on fish digestive enzyme activity, however, due to the 
type of fish, eating patterns, growth stages and experimental conditions, the results were 
quite different (Mohanta et al., 2008; Wu et al., 2020). In the present study, amylase 
activities in the foregut, hindgut and liver represented a trend of first increase and then 
decrease with the increase of dietary lipid. Fish fed 11.02% lipid diet revealed the highest 
amylase activities, and as the level of dietary lipid was higher than 11.02%, the activities 
of amylase decreased gradually. According to the research of Wu et al. (2020), the amylase 
activities could be significantly increased, digestibility and utilization of diet could be 
promoted in Ctenopharyngodon idellus fed diets with lipid level from 4% to 8%, and higher 
lipid diet can reduce the amylase activities. The above report is basically consistent with 
our present results. However, the highest amylase activity of Myxocyprinus asiaticus was 
found in low lipid level group (2.04%), as dietary lipid level increased, intestinal amylase 
activity first decreased and then stabilized (Wang et al., 2010). That might be due to the 
difference in fish species, eating patterns, growth phase and so on. The mechanism 
between the activity of amylase and the dietary lipid is uncertain, but further research 
should be needed to uncover this.  

It was found that protease activity was directly related to the growth rate of carp 
(Hidalgo et al., 1999). The maximum WG in 11.02% lipid group was probably due to 
highest protease activity under this lipid level. However, when the lipid level was higher 
than 11.02%, the protease activities were gradually decreased, indicating that high-lipid 
level may inhibit protease activity. Similar result was also reported in other study, in which 
high lipid level lead to low activity of protease (Mohanta et al., 2008). The above results 
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suggested that 11.02% lipid level group might improve the secretion and activity of 
digestive enzymes, and facilitate the digestion and absorption of feed in bighead carp. 

In conclusion, the results of this study demonstrated that the maximum WG and SGR, 
the highest digestive enzyme activity, and the lowest value of moisture and ash content 
were all recorded at 11.02% dietary lipid level. Based on the WG and SGR, the optimum 
dietary lipid level of this species was determined to be 7.77%–8.31%. To our knowledge, 
this is the first report to date on the optimal dietary lipid levels of juveniles bighead carp, 
and these data should be helpful in compound diet development for this fish species.  
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