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Abstract
Compositions of the amino acid and fatty acid in the muscle of the juvenile paddlefish (Polyodon spathula) were
assessed after being fed with live feed and formula feed for 60 days. The crude fat content of formula feed group was
significantly higher than that of live feed group (P<0.01). However, the muscle moisture and crude protein contents of
formula feed group were significantly lower than those of live feed group (P<0.05). Seventeen kinds of amino acids were
detected in the muscles of both groups. The total amino acids (TAA), essential amino acids (EAA), half-essential amino acids
(HEAA), nonessential amino acids (NEAA), delicious amino acids (DAA) and essential amino acid index (EAAI)
concentrations of live feed group were higher than those of formula feed group. Further, fifteen kinds of fatty acids were
detected in both groups, including five kinds of saturated fatty acids (SFA), four kinds of monounsaturated fatty acids
(MUFA) and six kinds of polyunsaturated fatty acids (PUFA). Concentrations of paddlefish muscle ∑MUFA, ∑UFA, ∑n6PUFA, docosahexenoic acid (DHA), eicosapentaenoic acid (EPA)+DHA of formula feed group were higher than those of
live feed group. Extremely significant differences were observed in the fatty acids (P<0.01) between groups except ∑n6PUFA and EPA+DHA (P>0.05). Based on these comparative studies, our data provides better understanding of artificial
culture, feed research and resource protection of paddlefishes
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Introduction
Fish muscle tissue is known for rich in essential
amino acids (EAA), unsaturated fatty acids (UFA)
and inorganic mineral elements (IME). It is
considered as an important resource of animal protein
and plays an important role in advancing physical and
intellectual development of human being because of
its high nutritional values, unique fragrance and good
digestibility (Zhao et al. 2010; Ana et al. 2010).
Paddlefish
(Polyodon
spathula),
which
originated in the Mississippi River of North America ,
belonging to Acipenseriformes, Polyodontida and
Polyodon. It is one of the only two living species of
Polyodontidae (the other is the Chinese Paddlefish,
Psephurus gladius) (Dillard 1986; Steven 1999). It
mainly feeds on zooplankton (Carlson and
Bonislawsky 1981; Liu and Yu 1990; Peng et al.
2007). Paddlefish is a promising aquaculture species
among the sturgeon family (William et al. 1997), and
particularly its roe can be processed into black caviar.

In addition, the boneless white meat has shown high
potential for consumer acceptance in both fresh and
value-added products. So its culture becomes more
and more popular in the world now (Wang et al.
1995). Since 1988, paddlefish was introduced and the
artificial breeding was successful in China (Xiong et
al. 2008; Yin et al. 2009), it has created enormous
economic benefits (Xiong et al. 2008；Ji and Wang
2009). Paddlefish can be trained to accept a prepared
diet, though they are obligated filter feeders of
zooplankton in nature (Rosen and Hales 1981). At
present, the paddlefish were cultured in several
models (e.g. pond, cage and large water surface, etc)
(Xiong et al. 2008). The muscle nutritional
compositions of paddlefish cultured in different
environments or with different feeds are different.
This nutrition composition differences in muscle
could be due to internal factors (e.g. varieties and
specifications and sexual maturity) and external
factors (e.g. food, fishing season, salinity and water
temperature) (Børresen 1991; Duyar 2000;
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Wesselinova 2000). The difference in food
composition can impact these properties as well
(Gonza’leza et al. 2006).
The living conditions is yet another factor could
influence the nutrition composition, for example, the
farmed fish ,Compared with the wild fish, has softer
muscle texture, lighter muscle flavor, and the nutrition
compositions, taste, physical and chemical
characteristics were significantly different (Yin et al.
2003; Johnston et al. 2006; Song et al. 2007).
Evaluation of the muscle quality in the wild and
farmed fish offers a way to discover the relationship
between muscle nutrition and feed. Although muscle
nutrition of the paddlefish has been intensively
studied (Dong et al. 2007; Chen et al. 2008；Shen et
al. 2009; Yin et al. 2010; Ji et al. 2011; Li et al.
2011), still little is known about the effects of live
feed and formula feed on it. Moreover, the special
paddlefish feeds have not been developed yet in the
domestic and foreign markets. In the present study, a
comparative study on the nutrition compositions of
paddlefishes fed with live feed and formula feed was
carried out, which provides basic data to artificial
culture, feed research and resources protection of
paddlefishes.

Materials and Methods
Paddlefishes were bought from an aquaculture
base named ‘973 Experimental base’, which was
located at College of Fisheries, Huazhong
Agricultural University (HZAU), Wuhan city, China.
They were stocked in tanks and fed with live feed for
two weeks prior to the 60 days of culture. Live feed
was obtained from the high-yield ponds in the vicinity
of HZAU. The analysis on nutrients of live feed was
listed in Table 1.
The ingredients of formula feed are shown in
Table 2. The formula feed is designed based on the
nutrient composition of live feed and other sturgeon
nutritional requirements. The buoyancy of the feed
was appropriate (diameter 1.0-1.2 mm). The nutrition
of formula feed was shown in Table 3.
The experiment was conducted at the
Aquaculture Research Center in HZAU. Mean initial
weight of 72 paddlefishes was 65.93±6.94 g, and all
the fishes were randomly stocked at six tanks (160cm
diameter×100cm deep) with 12 fishes in each. Two
groups, each comprises three tanks were set up to
compare the effects of living and formula food on

Table 1. Analysis on nutrients of live feed
Proximate composition
(g/100g)
Moisture
90.87±0.42
Crude protein
4.17±0.17
Crude fat
0.91±0.15
Crude ash
0.81±0.12

Amino acid composition
(g/100g)
Asp
0.48±0.04
Thr
0.26±0.02
Ser
0.23±0.04
Glu
0.63±0.03
Gly
0.24±0.03
Ala
0.33±0.04
Cys
0.02±0.01
Val
0.25±0.03
Met
0.12±0.02
Ile
0.19±0.03
Leu
0.40±0.02
Tyr
0.21±0.03
Phe
0.23±0.03
Lys
0.43±0.02
Pro
0.21±0.03
His
0.12±0.02
Arg
0.38±0.01

Fatty acid composition
(g/100g fatty acids)
C14:0
2.90±0.36
C16:0
21.30±0.24
C16:1
13.20±0.10
C17:0
3.30±0.17
C17:1
0.90±0.10
C18:0
8.30±0.36
C18:1
14.20±0.52
C18:2n-6
9.50±0.10
C18:3n-3
10.00±0.52
C20:0
0.30±0.10
C20:2
0.20±0.10
C20:4n-6
5.00±0.40
C20:5n-3
10.00±0.53
C22:6n-3
0.30±0.10
C24:0
0.50±0.26

Table 2. Ingredients of formula feed
ingredients
Fish meal
Soybean meal
Wheat starch
Soybean oil
Vitamin premix
Mineral premix

diet (g kg-1)
300.0
450.1
221.1
18.8
5.0
5.0

Mineral premix (per kg diet): ZnSO4·7H2O: 180 mg; CuSO4·5H2O: 28 mg; MnSO4·7H2O: 104 mg; KI: 12 mg; CoSO4·7H2O: 22 mg.
Vitamin premix (per kg diet): retinol acetate 15 000 IU; vitamin D 25000 IU; a-tocopherol 200 mg; niacin 100 mg; thiamine-Cl 15 mg;
riboﬂavin 35 mg; pyridoxine 10 mg; biotin 150 mg; menadione 60 mg; folic acid 5.2 mg; vitamin B12 8 mg; ascorbyl-monophos-phate 2.0 g.
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Table 3. Analysis on nutrients of formula feed
Proximate composition
(g/100g)
Moisture
6.19±0.29
Crude protein
43.65±0.64
Crude fat
6.31±0.13
Crude ash
7.24±0.11

Amino acid composition
(g/100g)
Asp
3.60±0.03
Thr
1.67±0.06
Ser
1.92±0.08
Glu
6.46±0.09
Gly
2.38±0.07
Ala
2.30±0.06
Cys
0.51±0.06
Val
2.06±0.08
Met
0.98±0.06
Ile
1.60±0.08
Leu
3.00±0.05
Tyr
1.27±0.04
Phe
1.75±0.05
Lys
2.51±0.10
Pro
2.26±0.04
His
0.82±0.04
Arg
2.36±0.06

muscle nutrition. During the experimental period, fish
were fed twice a day (at 9:00 am and 4:00 pm,
respectively). The excess feed and feces in tanks were
cleaned daily before feeding in the morning. The
culture water was continuously changed by
circulation after treatment through filtration and
purification system. Water temperature ranged from
18 to 23 ℃, with dissolved oxygen (DO) 6.5 to 8.2
mg/L, pH 7.1 to 7.9, ammonia nitrogen 0.3 to 0.5
mg/L and nitrite nitrogen 0.04 to 0.07 mg/L. The trial
continued for 60 days.
The fish for each tank were randomly selected to
be weighed and measured at the end of the
experiment. Mean weight of the 36 paddlefishes fed
with live feed and the other 36 fed with formula feed
were 163.30±14.75 g and 147.72±7.92 g,
respectively. All cultured fish were sacrificed with an
overdose of tricaine methanesulphonate and rinsed in
de-ionized water. The skins of both sides of the fish
from the head to the caudal peduncle were removed,
and the under muscles were taken and mixed to
prepare for the samples. A total of nine samples for
each group were tested. Muscle samples were kept
under -80 ℃ prior to analysis. The muscle tissues of
proximate analysis consisted of determining moisture,
crude protein, crude fat and crude ash. Moisture
content was determined by drying the sample in an
oven at 105℃ until a constant weight obtained
(AOAC, 1990). Crude protein content was determined
by the Kjeldahl method (AOAC, 1990), and a
conversion factor of 6.25 was used to convert total
nitrogen to crude protein. Crude fat content was
determined using the Soxhlet extraction method
(AOAC, 1990). Crude ash content was determined by
incineration in a muffle furnace at 550℃ for 24 h
(AOAC, 1990). Amino acids analyses were
determined by GB/T 5009.124-2003, in China, and
the samples were hydrolyzed in 6 N HCl under a
nitrogen atmosphere for 24 h. The hydrolyzed

Fatty acid composition
(g/100g fatty acids)
C10:0
0.10±0.00
C12:0
0.10±0.00
C14:0
4.90±0.26
C16:0
24.00±0.66
C16:1
5.90±0.46
C17:0
1.60±0.17
C17:1
0.90±0.10
C18:0
5.50±0.46
C18:1
19.40±0.36
C18:2n-6
8.70±0.36
C18:3n-3
1.70±0.17
C20:0
0.60±0.10
C20:1
2.70±0.30
C20:2
0.30±0.10
C20:4n-6
1.40±0.17
C20:5n-3
9.30±0.26
C22:6n-3
12.90±0.53

solution was subjected to Eppendorf LC 3000
(Eppendorf, Germany) automatic amino acid
analyzer. Fatty acids analyses were determined (GB/T
17377-2008, in China) by gas chromatography
(Agilent, Hewlett-Packand 6890N, USA). The
proximate composition analysis of each sample was
performed in triplicate, while the amino acid and fatty
acid compositions analysis was done in duplicate.
Nutrition Evaluation Method
According to the assessment standards mode (%,
dry) suggested by the FAO/WHO in 1973 and the
amino acid mode of whole egg protein respectively,
we calculated the mode of amino acid score (AAS),
chemical score (CS) and essential amino acid index
(EAAI) according to the following formula (Pellett
and Yong 1980; Qiaoben 1980).
AAS=

CS=

aa
AA(FAO/WHO)

×100

aa
×100
AA(Egg)
n

EAAI=

100A 100B 100C
100I


 
AE
BE
CE
IE

In the above formula, aa means content of amino
acids (%) of the samples. AA(FAO/WHO) means the same
amino acid content of FAO/WHO score standard
mode (%). AA(Egg) means content of the whole eggs in
the same protein amino acid content (%). n denotes
the number of the comparative essential amino acids.
A, B, C,.. I represent content of essential amino acids
for samples of muscle protein, and AE, BE, CE,.. IE are
the measurement of the essential amino acids for the
whole eggs protein content.
Data were analyzed in Excel (Microsoft office
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2003) and STATISTICA 10.0 (StatSoft, Inc.) using ttest for independent sample to compare the
parameters between two study groups. Differences
were considered statistically signiﬁcant when P<0.05
and extremely significant when P<0.01.

Compared the wild fish which had higher content of
the moisture and lower content of the crude fat, the
farmed fish showed the opposite pattern. This might
related to the high efficiency of protein and energy of
the feed and low energy consumption of the fish
(Alasalvara et al. 2002; Grigorakis et al. 2007; Ana et
al. 2010).
The muscle protein content of live feed group
was higher than that of formula feed. This conclusion
is consistent with some of the previous reports (Ma et
al. 2006; Song et al. 2007), but contradicted with
other reports (Yin et al. 2003; Chen et al. 2007; Luo
et al. 2008; Song et al. 2009). Thus the crude protein
content of fish muscle has not positive correlation
with the farming methods and the type of feed.

Results and Discussion
Proximate Compositions
The proximate compositions of paddlefish of live
feed group and formula feed group were shown in
Table 4. The muscle crude fat content of formula feed
group was significantly higher than that of live feed
group (P<0.01). The muscle crude ash content of
formula feed group was significantly higher than that
of live feed group (P<0.05). However, the muscle
moisture and crude protein contents of formula feed
group were significantly lower than those of live feed
group (P<0.05).
This result is consistent with the previous reports
(Yin et al. 2003; Ma et al. 2006; Chen et al. 2007;
Luo et al. 2008; Song et al. 2007; Song et al. 2009).

Amino Acid Compositions
The paddlefish muscle amino acid compositions
of both groups were summarized in Table 5.
Seventeen kinds of amino acids (Trp was not detected
because of acid hydrolysis) were detected, including
seven kinds of human body essential amino acids

Table 4. Proximate compositions of paddlefish in both groups
Group
live feed group
formula feed group

Moisture
78.52±0.83*
76.22±0.89

Crude protein
17.20±0.30*
15.49±0.84

Crude fat
4.22±0.17**
6.02±0.35

Crude ash
0.95±0.09*
1.23±0.13

Notes: **means extremely significant difference at P<0.01. *means significant difference at P<0.05. (mean±SD, n=9, g/100g)

Table 5. Amino acid contents of both groups
Amino acid
Asp
Thr
Ser
Glu
Gly
Ala
Cys
Val
Met
Ile
Leu
Tyr
Phe
Lys
Pro
His
Arg
TAA
EAA
HEAA
NEAA
DAA
WEAA / WTAA
WEAA / WNEAA
WDAA / WTAA

Live feed group
7.36±0.49
3.35±0.37
3.13±0.03
11.93±0.33
3.10±0.40
3.82±0.61
0.25±0.07
3.54±0.21
2.33±0.08
3.35±0.21
6.15±0.16
2.72±0.19
3.82±0.44
7.18±0.34
2.22±0.28
2.53±0.22
4.52±0.20
71.29±0.75
29.72±0.37
7.05±0.35
34.53±0.70
30.73±0.66
41.69±0.49
86.10±2.45
43.10±0.70

Formula feed group
6.48±0.19
2.93±0.24
2.79±0.21
10.67±0.45
2.87±0.16
3.55±0.47
0.32±0.09
3.11±0.23
2.02±0.19
2.90±0.28
5.31±0.20
2.37±0.25
3.06±0.21
6.28±0.49
1.28±0.28
1.86±0.13
4.02±0.14
61.82±0.82
25.61±0.30
5.89±0.15
30.32±0.74
27.59±0.26
41.43±0.56
84.50±2.41
44.63±0.19

α
*
ns
*
*
ns
ns
ns
ns
ns
ns
**
ns
ns
**
*
*
*
**
**
**
**
**
ns
ns
*

Notes: **means extremely significant difference at P<0.01. *means significant difference at P<0.05. ns means non-significant. And it is the
same in the following tables. (Mean±SD (n=9), g/100g dry muscle)
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(EAA) (Thr, Val, Met, Phe, Ile, Leu and Lys), two
kinds of human body half essential amino acids
(HEAA) (His and Arg), and eight kinds of the human
body non-essential amino acids (NEAA) (Asp, Glu,
Ser, Gly, Ala, Tyr, Cys and Pro). In both groups, the
sequence of the amino acids content from highest to
lowest was: Glu (10.67 w/% and 11.93 w/%), Asp,
Lys, Leu, Ala and Cys (0.32 w/% and 0.25 w/%). This
characteristic of component was consistent with the
amino acid composition rule of Huso dauricus (Yin et
al. 2004), Acipenser schrencki (Yin et al. 2004) and
Xenocypris davidi Bleeker (Zhang et al. 2002). Except
Cys, other amino acid contents of formula feed group
were lower than those of the live feed group. The
contents of Asp, Ser, Glu, Pro, His and Arg were
significantly different (P<0.05), and the contents of
Leu and Lys showed extremely significant difference
(P<0.01) while the others showed no significant
differences (P>0.05) between the two groups.
Contents of total amino acids (TAA), total
essential amino acids (TEAA), total half essential
amino acids (THEAA), total non-essential amino
acids (TNEAA), total delicious amino acids (TDAA),
∑EAA/∑TAA and ∑EAA/∑NEAA of formula feed
group were lower than those of live feed group. No
significant difference was observed in TEAA/TAA
and TEAA/TNEAA (P>0.05), the rest of those were
significantly different (P<0.01). Contents of
∑DAA/∑TAA of formula feed group were higher
than those of live feed group (P<0.05).
Evaluation of Nutrition Quality
The data were converted into AA/protein (mg/g),
and were compared with standard mode suggested by
the FAO/WHO and amino acid mode of the egg
protein. Then AAS, CS and EAAI of both groups
were calculated, respectively (Table 6).
The paddlefish muscle amino acids content and
proportion of both groups were basically the same,
which was similar to the reports of Chen et al (2008)
and Shen et al (2009). Compared to other fishes such
as Sinilabeo decorus (Liang et al. 2009) and
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Glossogobius giuris (Zhuang et al. 2010), which also
had a similar amino acid composition. Thus, the
majority amino acid compositions of paddlefish
muscle protein had a conservative pattern, which was
in accordance with the findings of Yin et al (2004).
The evaluation of protein nutrition value must be
based on the type of content and composition of
amino acids, in particular, the eight kinds of essential
amino acids in proportion to the level and
composition of the evaluation (Bing et al. 2005).
According to FAO / WHO amino acid standard mode,
the better quality of its constituent amino acids of the
protein EAA / TAA was about 0.40, and the protein
EAA / NEAA was more than 0.60 (Bing et al. 2005).
In this study, the protein EAA / TAA of live feed
group and formula feed group were 41.69 and 41.43,
and the protein EAA / NEAA were 86.10 and 84.50,
respectively, which indicated that the muscle proteins
of both groups had better balance in amino acid
compositions and higher protein quality.
Lysine (Lys), as one of the most important AA
involved in protein synthesis is called “growth of the
amino acids” (Song et al. 2007). The Lys contents of
live feed group and formula feed group were the
highest among the essential amino acids, and both
were 1.32 times and 1.15 times higher than that of the
amino acid standard mode of FAO/WHO,
respectively. This could compensate for the Lys
lacking in grain foods which enhanced the protein
utilization of the body (Yan et al. 1995). Besides, Lys
was the first limiting amino acid in human milk. So
paddlefish is also a superior prolactin food (Ma et al.
2003).
The flavor of animal protein depends on its tasty
amino acids (Glu, Asp, Gly and Ala) composition and
content. Glu and Asp were the determiners of the
delicious flavor of amino acids Glu exerted stronger
effects. Sweet taste of amino acids is mainly
determined by Gly and Ala (Bing and Zhang 2006).
Glu is not only delicious Amino acid, but also
involves in the synthesis of a variety of
physiologically active substances (Zhang et al. 1988).
The total delicious amino acid of live feed group was

Table 6. Comparison of AAS, CS and EAAI between groups
Amino
acid
Ile
Leu
Lys
Thr
Val
Met+Cys
Phe+Tyr
EAAI

Evaluation mode
Egg
FAO/WHO
protein
250
331
440
534
340
441
250
292
310
411
220
386
380
565

Amino acid/protein
Live feed
Formula
group
feed group
209
181
384
332
449
392
209
183
221
194
161
146
408
339

Live feed
group
0.84
0.87
1.32
0.84
0.71
0.73
1.07

AAS
Formula
feed group
0.73
0.75
1.15
0.73
0.63
0.67
0.89

CS
Live feed
group
0.63
0.72
1.02
0.72
0.54
0.42
0.72
65.89

Formula
feed group
0.55
0.62
0.89
0.63
0.47
0.38
0.60
57.37

AAS results showed that among all the AA contents in both groups, Lys was the highest, followed by Phe + Tyr, and Val. According to the
CS, Lys was the highest, followed by Thr, and Met + Cys. Based upon AAS, the first and second restrictive amino acids of both groups were
Val and Met + Cys, respectively. The CS measure suggests that the first and second restrictive amino acids of both groups were Met + Cys
and Val, respectively. mg/g, on protein basis.
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significantly higher than that of formula feed group
(P<0.01). Therefore, in theory, the muscle flavor of
live feed group was better than that of formula feed
group, which was in consistent with the other reports
(Luo et al. 2008; Gu and Zhao 2008; Peng et al.
2008).
The paddlefish muscle essential amino acid
indexes (EAAI) of live feed group and formula feed
group were 65.89 and 57.37, respectively, which
indicated the muscle quality of live feed group was
superior to that of formula feed group. This finding
was also consistent with another report (Song et al.
2007).
Analysis of Fatty Acid Compositions
There were 15 kinds of fatty acids detected in the
muscle of both groups (Table 7), including five kinds
of saturated fatty acids (SFA), four kinds of
monounsaturated fatty acids (MUFA) and six kinds of
polyunsaturated fatty acids (PUFA). In this study, the
paddlefish muscle had high levels of C16:0 and
C18:0, and low levels of C20:0, which is similar to
the previous report (Haliloglu et al. 2004). Ibeas et al
(1996) found out that C16:0 and C18:0 were of
important function for the organism as not only the
energy resource, but also the critical components of
membrane phospholipids. C16:1 and C18:1 are the
major ingredients of the four types of

monounsaturated fatty acids detected in this study.
High level of C16:1 is one of the main features of
freshwater fish muscle (Gutierrez and Silva 1993;
Oliveira et al. 2003). The highest content of fatty
acids detected in monounsaturated fatty acids was
C18:1. Since C18:1 was regarded as “security fatty
acids” in nutriology, the number of C18:1 is an
important indicator of food quality assessment. Rey et
al (2004) also found that C18:1 could reduce blood
total cholesterol and low density lipoprotein
cholesterol but not high density lipoprotein
cholesterol. Polyunsaturated fatty acids were mainly
C20: 5n-3 (EPA) and C22: 6n-3 (DHA) in this study.
The nutrition values of fatty acid in paddlefish
muscle of both groups were shown in Table 7. In this
study, the ∑MUFA, ∑UFA, ∑n-6PUFA, DHA and
EPA+DHA of formula feed group were higher than
those of live feed group. No significant difference was
found in ∑n-6PUFA and EPA+DHA between two
groups (P>0.05). However, extremely significant
differences were observed in other fatty acids
(P<0.01). The ∑SFA, ∑PUFA, ∑SFA/∑UFA, ∑n3PUFA, ∑n-3PUFA/∑n-6PUFA, EPA, EFA and
HEFA of formula feed group were lower than those of
live feed group. No significant differences were found
in ∑PUFA, ∑n-3PUFA/∑n-6PUFA and HEFA
between two groups (P>0.05). While significant
difference was observed in ∑n-3PUFA (P<0.05), and
extremely significant differences were observed in

Table 7. Fatty acid compositions in both groups
Fatty acids
C14:0
C16:0
C17:0
C18:0
C20:0
∑SFA
C16:1
C17:1
C18:1
C20:1
∑MUFA
C18:2n-6
C18:3n-3
C20:2
C20:4n-6
C20:5n-3(DHA)
C22:6n-3(EPA)
∑PUFA
∑UFA
∑
∑SFA/∑UFA
∑n-6PUFA
∑n-3PUFA
∑n-6PUFA/∑n-3PUFA
EPA
DHA
EPA+DHA
EFA
HEFA
(g/100g fatty acids).

Live feed group
1.20±0.17
27.40±0.53
1.20±0.10
8.30±0.20
0.10±0.00
38.20±0.26
7.10±0.26
0.70±0.10
22.20±0.20
0.30±0.10
30.30±0.00
3.40±0.10
3.10±0.17
0.40±0.10
4.70±0.10
13.30±0.35
6.50±0.36
31.40±0.26
61.70±0.26
99.90±0.00
0.62±0.01
8.10±0.20
22.90±0.40
0.35±0.01
13.30±0.35
6.50±0.36
19.80±0.26
6.50±0.10
4.70±0.10

Formula feed group
1.50±0.10
26.60±0.35
0.60±0.10
6.20±0.17
0.10±0.00
35.00±0.26
4.30±0.17
0.50±0.10
28.70±0.61
1.30±0.26
34.80±0.66
3.60±0.17
0.40±0.10
0.80±0.20
4.60±0.17
7.10±0.30
13.50±0.80
30.00±0.98
64.80±0.35
99.80±0.10
0.54±0.01
8.20±0.30
21.00±0.96
0.39±0.02
7.10±0.30
13.50±0.80
20.60±0.98
4.00±0.10
4.60±0.17

P
ns
ns
**
**
ns
**
**
ns
**
**
**
ns
**
ns
ns
**
**
ns
**
ns
**
ns
*
ns
**
**
ns
**
ns
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other fatty acids (P<0.01).
Effects of live feed and formula feed on the
muscle fatty acid compositions of paddlefish have not
been reported. In this study, significant differences
were observed in the muscle fatty acid composition
and proportion between live feed group and formula
feed group (P<0.05). Overall, the MUFA content of
formula feed group was higher, while the SFA and
PUFA content of live feed group was higher. This
result is similar to the muscle fatty acid composition
of Hemibarbus maculate cultured in wild or farm
(Chen et al. 2007). Compared with other sturgeons,
the SFA and PUFA contents of both groups were
higher than that of Acipenser sinensis, while the
content of MUFA was lower (Zhuang et al. 2010).
The proportion of C18: 3n-3 (ALA) and C20:
5n-3 (EPA) in formula feed group was lower than that
of live feed group according to Table 7. The
paddlefish with live feed possess a higher proportion
of n-3PUFA, which is the same to the muscle fatty
acids compositions of wild and farmed sea bass
(Alasalvar 2002; Ana et al., 2010). Fat is the essential
aroma component, and the high content of PUFA
could significantly increase the flavor. It also
reflected the degree of juiciness of the muscles to a
certain extent (Mao et al. 2000). The fatty acid
compositions were closely related to fat food source,
season, water temperature, water physical and
chemical factors, light etc (Codier et al., 2002). In
recent years, studies suggested that monounsaturated
fatty acids possess lipid-lowering effect (Mattson,
1990). Other studies also found that polyunsaturated
fatty acids could significantly reduce blood lipid,
inhibit platelet aggregation, lower blood pressure, and
improve
biofilm
liquid,
anti-tumor
and
immunomodulatory effects, which could significantly
reduce the incidence of cardiovascular disease (Hang
et al., 2001).
High level of dietary n-6PUFA could cause
many health disorders while n-3PUFA could
eliminate the adverse effects of it to some extent such
as lowering serum triglycerides and cholesterol etc
(Badiani et al. 1996; Guler et al. 2011). In recent
years, studies have shown that EPA and DHA of n-3
series, which had been found in diatoms, red algae
and brown algae, etc., that might own synthesis
capability of EPA and DHA in nature, were a typical
type of polyunsaturated fatty acids found mainly in
fatty tissues of fish. Fish could build up EPA and
DHA through the food chain enrichment. Clinical
studies have found EPA and DHA were essential fatty
acids of human and animal growth (Zhang, 1996), and
could effectively prevent human cardiovascular
disease (Lees et al., 1990; Zimmer et al., 2000).
In this study, the EPA + DHA contents of
formula feed group were higher than those of live
feed group, which indicated the paddlefish of formula
feed group had a higher food value and health effects.
Generally, it is believed that the content and
composition of fatty acid of the feed might directly
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affect the fatty acid content and composition of fish
muscle (Hansen et al. 2008). Therefore, in order to
improve the food value and health effects, selecting
the appropriate oil raw materials to increase the
PUFA levels of the feed could improve the muscle
PUFA ratio of farming paddlefish. The paddlefish
formula feed should increase the content of PUFA
which could improve the nutrition quality of the
cultured fish (Orban et al. 2002).
In the present study, the same nutrition
composition of paddlefish muscle in both groups
reflects the stability of the species, while the different
nutrition contents reveal the adaptability of the
paddlefish to food. All the experimental subjects in
the study were the offsprings of a particular group.
They were raised in the same environment and shared
the equal raising time. Thus we propose that the
different ingredients in the feed may be one of the
main reasons for the different contents and
compositions of paddlefish muscle nutrition.
The nutrition quality of fish muscle is closely
related to the fish bait, the physical condition, the
living environment and the genes etc. But for the
same species of fish, it seems that food and physical
condition have more influence on the nutrition
quality. In this study, since samples were taken from
the same culture water, different muscle and nutrition
compositions might be resulted from the different
compositions of the feed (Alasalvar et al., 2002).
Genetic and environmental effects on the nutrition
quality of paddlefish would be further researched.

Conclusions
The paddlefishes fed with two kinds of feeds
were rich in high-quality protein. But EAAI and DAA
of live feed group were significantly higher than those
of formula feed group. The paddlefish muscle
contents of crude fat, MUFA and UFA of formula
feed group were significantly higher than those of live
feed group. Thus we propose that the development of
paddlefish formula feed should be aimed at the amino
acid balance and an appropriate proportion of
polyunsaturated fatty acids.

Acknowledgements
This work was supported by a grant from the
Major State Basic Research Development Program of
China (973 Program) (No. 2009CB118706) and Key
Projects in the National Science and Technology
Pillar Program during the 11th 5-Year Plan Period of
China (No. 2006BAD03B02-04).

References
Alasalvara, C., Taylora, K.D.A., Zubcov, E., Shahidi, F. and
Alexis, M. 2002. Differentiation of cultured and wild
sea bass (Dicentrarchus labrax): total lipid
content，fatty acid and trace mineral composition.

278

P-S. Shi et al. / Turk. J. Fish. Aquat. Sci. 13: 271-279 (2013)

Food Chemistry, 79: 145-150. doi: 10.1016/S03088146(02)00122-X
Ana, F., Isabel, F.S., Juan, A.S. and José, M.B. 2010.
Comparison of wild and cultured sea bass
(Dicentrarchus labrax) quality. Food Chemistry, 119:
1514-1518. doi: 10.1016/j.foodchem.2009.09.036
AOAC. 1990. Official methods of analysis of the
Association of Official Analytical Chemists, 15th
edition, Washington, DC: AOAC
Badiani, A., Anfossi, P., Fiorentini, L., Gatta P.P.,
Manfredini, M., Nanni, N., Stipa, S. and Tolomelli, B.
1996. Nutritional composition of cultured sturgeon
(Acipenser spp.). Journal of Food Composition and
Analysis, 9: 171-190
Bing, X.W., Cai, B.Y. and Wang, L.P. 2005. Evaluation of
nutritive quality and nutritional components in
Spinibarbus sinensis muscle. Journal of Fishery
Sciences of China, 12: 211-215
Bing, X.W. and Zhang, X.Z. 2006. Evaluation of
Nutritional Components and Nutritive Quality of the
Muscle of Oxyeleotris marmoratus Bleeker.
Periodical of Ocean University of China, 36: 107-111
Børresen, T. 1991. Quality aspects of wild and reared fish.
In: Huss, H.H., Jacobsen, M. and Liston, J. (eds.)
Quality Assurance in the Fish Industry. Proceedings
of an International Conference, Copenhagen,
Denmark, August. Elsevier, Amsterdam, 1-17
Carlson, D.M. and Bonislawsky, P.S. 1981. The paddlefish
(Polyodon spathula) fisheries of the midwestern
United States. Fisherier, 6: 17-22
Chen, J.M., Ye, J.Y., Shen, B.Q., Pan, Q. and Wang, Y.H.
2007. A comparative analysis of muscle chemical
composition of wild and pond-farmed Hemibarbus
maculates (Bleeker). Journal of Shanghai Fisheries
University, 16: 87-91
Chen, J., Liang, Y.Q., Huang, D.M., Hu, X.J., Yang, H.Y.,
Yu, F.H., Fang, Y.L. and Zhu, B.K. 2008. Studies on
the body composition of different growth
development of Polyodon spathula. Journal of
Hydroecology, 1: 65-68
Codier, M., Brichon, G., Weber, J.M. and Zwingelstein, G.
2002. Changes in the fatty acid composition of
phospholipids in tissues of farmed sea bass
(Dicentrarchus labrax) during an annual cycle. Roles
of environmental temperature and salinity.
Comparative Biochemistry and Physiology BBiochemistry & Molecular Biology, 133: 281-288.
doi: 10.1016/S1096-4959(02)00149-5
Dillard, J.G., Graham, L.K. and Russell, T.R. 1986. The
Paddlefish: Status, Management and Propagation.
North Central Division, American Fisheries Society,
Columbia, MO Date published
Dong, H.W., Han, Z.Z., Kang, Z.P., Qu, L., Guo, W.S.,
Yang, C.H. and Zou, Z.Y. 2007. Analysis on the rate
of flesh content and nutritional value of paddlefish
(Polyodon spathule). Freshwater Fisheries, 37: 49-51
Duyar, H.A. 2000. PhD Thesis. Department of Fisheries and
Processing Technology, Institute of Natural and
Applied Science, Ege University, Turkey, 118
Gonza′leza, S., Flick, G.J., O’Keefe, S.F., Duncan, S.E.,
McLean, E. and Craig, S.R. 2006. Composition of
farmed and wild yellow perch (Perca flavescens).
Journal of Food Composition and Analysis, 19: 720726. doi: 10.1016/j.jfca.2006.01.007
Grigorakis, K. 2007. Compositional and organoleptic
quality of farmed and wild gilthead sea bream (Sparus
aurata) and sea bass (Dicentrarchus labrax) and

factors affecting it: A review. Aquaculture, 272:55-75.
doi: 10.1016/j.aquaculture.2007.04.062
Gu, S.Y. and Zhao, Y. 2008. Comparison of Nutrient
Components in the Muscle of Wild and Bred Takifugu
obscurus. Journal of Anhui Agriculture Science, 36:
14562-14563
Guler, G.O., Aktumsek, A., Cakmak, Y.S., Zengin, G. and
Citil, O.B. 2011. Effect of Season on Fatty Acid
Composition and n-3/n-6 Ratios of Zander and Carp
Muscle Lipids in Altinapa Dam Lake. Journal of Food
Science, 76: 594-597. doi: 10.1111/j.17503841.2011.02136.x
Gutierrez, L.E. and Silva, R.C.M. 1993. Fatty acid
composition of commercially important ﬁsh from
Brazil. Scientia Agricola, 50: 478-483
Haliloglu, H.I., Bayir, A., Sirkecioglu, A.N., Aras, N.M.
and Atamanalp, M. 2004. Comparison of fatty acid
composition in some tissues of rainbow trout
(Oncorhynchus mykiss) living in seawater and
freshwater. Food Chemistry, 86: 55-59. doi:
10.1016/j.foodchem.2003.08.028
Hang, X.M., Tang, Y.L. and Liu, X.H. 2001. Research
Progress of Polyunsaturated fatty acid. Progress of
Study in Bioengineering, 21: 18-21
Hansen, J., Berge, G.M., Hillestad, M., Krogdahl, A.,
Galloway, T.F., Holm, H., Holm, J. and Ruyter, B.
2008. Apparent digestion and apparent retention of
lipid and fatty acids in Atlantic cod (Gadus morhua)
fed increasing dietary lipid levels. Aquaculture,
284:159-166. doi: 10.1016/j.aquaculture.2008.07.043
Ibeas, C., Cejas, J., Gomez, T., Jerez, S. and Lorenzo, A.
1996. Influence of dietary n-3 highly unsaturated fatty
acids levels on juvenile gilthead seabream (Sparus
aurata) growth and tissue fatty acid composition.
Aquaculture, 142: 221-235
Ji, H., Sun, H.T. and Shan, S.T. 2011. Evaluation of nutrient
components and nutritive quality of muscle between
pond and cage-reared paddlefish (Polyodon spathula).
Journal of Fisheries of China, 35: 261-267
Ji, H. and Wang, C.Z. 2009. China’s limited paddlefish
culture focused on meat production. Global
Aquaculture Advocate July/August: 30-32
Johnston, I.A., Li, X.J., Vieira, V.L.A., Nickell, D.,
Dingwall, A., Alderson, R., Campbell, P. and
Bickerdike, R. 2006. Muscle and flesh quality traits in
wild and farmed Atlantic salmon. Aquaculture, 256:
323-336. doi: 10.1016/j.aquaculture.2006.02.048
Lees, R.S., Karel, K., Mared, D. and Simoponlos, A. 1990.
Omega-3 fatty acids in growth and development in
health and disease N K INC. 115-116
Li, P., Rodina, M., Hulak, M., Gela, D., Psenicka, M., Li,
Z.H. and Linhart, O. 2011. Physico-chemical
properties and protein profiles of sperm from three
freshwater chondrostean species: a comparative study
among Siberian sturgeon (Acipenser baerii), starlet
(Acipenser ruthenus) and paddlefish (Polyodon
spathula). Journal of Applied Ichthyology, 27: 673677. doi: 10.1111/j.1439-0426.2010.01634.x
Liang, Z.Q., Li, C.W., Ou, L.Y., Yu, C.S. and Chen, X.Y.
2009. Evaluation of Nutritive Quality and Analysis of
the Nutritive Compositions in the Muscle of Sinilabeo
decorus tungting (Nichols). Acta Nutrimenta Sinica,
31: 411-413
Liu, J.S. and Yu, Z.T. 1990. The paddlefish (Polyodon
spathula) and its fisheries in U.S.A. Acta
Hydrobiologica Sinica, 14: 75-83
Luo, Z., Li, X.D., Bai, H.J., Yuan, Y.C. and Gong, S.Y.

P-S. Shi et al. / Turk. J. Fish. Aquat. Sci. 13: 271-279 (2013)
2008. Comparison on nutrient composition and
morphology
between
wild
and
cultured
Synechogobius hasta. Journal of Shanghai Fisheries
University, 17: 182-186
Ma, A.J., Chen, S.Q., Lei, J.L., Liu, X.F. and Wang, Y.G.
2003. The preliminary study on biochemical
composition and its nutrition value of turbot
(Scophthalmus maximus L.). Marine Fisheries
Research, 24: 11-14
Ma, A.J., Liu, X.F., Zhai, Y.X., Liu, X.Z. and Zhuang, Z.M.
2006. Biochemical composition in muscle of wild and
cultivated tongue sole (Cynoglossus semilaevis
Gunther). Marine Fisheries Research, 27: 49-54
Mao, G.X. and Zhao, W.L. 2000. Comparison on Muscle
Quality of Longchang, Taihu and New Taihu Goose.
Animal Science ＆Veterinary Medicine, 17: 16-19
Mattson, F.H. (translation by Xie N.), 1990. Effect of
Monounsaturated fatty acids. Foreign Medical
Sciences, 3: 160-162
Oliveira, E.R.N., Agostinho, A.A. and Matsushita, M. 2003.
Effect of biological variables and capture period on
the proximate composition and fatty acid composition
of the dorsal muscle tissue of Hypophthalmus
edentatus (Spix, 1829). Brazilian Archives of Biology
and Technology, 46:105-114
Orban, E., Di, L.G., Nevigato, T., Casini, I., Santaroni, G.,
Marzetti, A. and Caproni, R. 2002. Quality
characteristics of sea bass intensively reared and from
lagoon as affected by growth conditions and the
aquatic environment. Journal of Food Science, 67:
542-546. doi: 10.1111/j.1365-2621.2002.tb10635.x
Pellett, P.L. and Yong, V.R. 1980. Nutritional evaluation of
protein foods. Tokyo: The United National University
Publishing Company, 26-29
Peng, S.M., Huang, X.X., Zhao, F., Shi, Z.H. and Li, W.W.
2008. Comparison on the contents of the somatic
amino acid both in wild and cultured young fish of
silvery pomfret Pampus argenteus. Marine Fisheries,
30: 26-30
Peng, Z.G., Ludwig, A., Wang, D.Q., Diogo, R., Wei, Q.W.
and He, S.P. 2007. Age and biogeography of major
clades in sturgeons and paddlefishes (Pisces:
Acipenseriformes). Molecular Phylogenetics and
Evolution,
42:
854-862.
doi:
10.1016/j.ympev.2006.09.008
Qiaoben, F.L. (Translated by Cai W Q), 1980. Fisheries
feed. Beijing: Agriculture publishing company, 114115
Rey, A.I., Lopez-Bote, C.J., Kerry, J.P., Lynch, P.B.,
Buckley, D.J. and Morrissey, P.A. 2004. Modification
of lipid composition and oxidation in porcine muscle
and muscle microsomes as affected by dietary
supplementation of n-3 with either n-9 or n-6 fatty
acids and α-tocopheryl acetate. Animal Feed Science
and
Technology,
133:
223-238.
doi:
10.1016/j.anifeedsci.2003.08.007
Rosen, R.A. and Hales, D.C. 1981. Feeding of paddlefish,
Polyodon spathula. Copeia, 2: 441-455
Shen, S., Zhou, J.C., Zhao, S.M. and Xiong, S.B. 2009. The
nutritional composition and evaluation of muscle of
Polyodom Spathula. Acta Nutrimenta Sinica, 31: 295297
Song, C.X., Wang, C.L., Shao, Y.W., Wang, J.W. and Fan,
X.X. 2009. The Nutritional Compositions and
Evaluation of Muscle between Wild and Cultivated
Sepiella Maindroni. Acta Nutrimenta Sinica, 31: 301-

279

303
Song, C., Zhuang, P., Zhang, L.Z., Liu, J. and Luo, G. 2007.
Comparison of nutritive components in muscles
between wild and farmed juveniles of Chinese
sturgeon Acipenser sinensis. Acta Zoologica Sinic,
53: 502-510
Steven, D.M., Andrew, L., William, L.S. and Boris, G.
1999. Frank Chapman Production of Paddlefish,
SRAC Publication No. 437
Wang C., Mims S.D. and Xiong, Y.L. 1995. Consumer
acceptability of paddlefish, a potential aquaculture
species. Meat Focus International, 4: 8-9
Wesselinova, D. 2000. Amino acid composition of fish
meat after different frozen storage periods. Journal of
Aquatic Food Product Technology, 9: 41-48. doi:
10.1300/J030v09n04_05
William, E.B., Eric, K.F. and Lance, G. 1997. An overview
of Acipenserformes. Environmental Biology of
Fishes, 48: 25-71. doi:10.1007/0-306-46854-9_4
pp.25-71
Xiong, B.X., Mei, X.H. and Dai, Z.G. 2008. Review on
introduction of paddlefish (Polyodon spathula) into
China for 20 Years. Freshwater Fisheries, 38: 70-73
Yan, A.S., Xiong, C.X., Qian, J.W. and Wang, X.D. 1995.
A Study on the Rate of Flesh Content of Mandarinfish
and Nutritonal Quality of the Flesh. Tournal of
Fisheries of Huazhong Agriculture University, 14: 8084
Yin, H.B., Sun, Z.W., Sun, D.J. and Qiu, L.Q., 2004.
Comparison of nutritive compositions in muscles
among six farmed sturgeon species. Journal of Dalian
Fisheries University, 19: 92-96
Yin, H.B., Yin, J.S., Xu, W. and Sun, Z.W. 2003. Nutritive
composition in muscles of wild and Cultural
Ergthroculter ilishaeformis. Journal of Fishery
Sciences of China, 10: 82-84
Yin, S.R., Liu, B.Z. and Liu, L. 2010. Analysis on Muscle
and Cartilage Nutrition of Paddlefish. Beijing
agricultural, 5: 12-14
Yin, S.R., Zhao, W. and Liu, B.Z. 2009. Biological
Characteristics Adult Fish Aquaculture and Anatomy
of the Digestive System of Paddlefish. Beijing
agricultural, 11: 52-56
Zhang, C.Y., Li, L. and Li, C.F. 1988. Biochemistry (a
second page). Beijing: the people hygiene press, 305,
561
Zhang, Q. and Wang, Y.L. 1996. Extraction and Analysis of
Fat of S.aclls Linnaeus and H.japonicus Kaup.
Chinese Journal of Analytical Chemistry, 24: 139-143
Zhang, Z.P., Yu, Z.J., Xiao, Z.X., Qin, H.M., Wang, H. and
Hong, Y.J. 2002. Analysis of Nutritive Compositions
in Muscles of Xenocypris Davidi Bleeker. Water
Conservancy Related Fisheries, 22: 1-2
Zhao, F., Zhuang, P., Song, C., Shi, Z.H. and Zhang, L.Z.
2010. Amino acid and fatty acid compositions and
nutritional quality of muscle in the pomfret, Pampus
punctatissimus. Food Chemistry, 118: 224-227. doi:
10.1016/j.foodchem.2009.04.110
Zhuang, P., Song, C. and Zhang, L.Z. 2010. Evaluation of
nutritive quality and nutritional components in the
muscle of Glossogobius giuris. Journal of Fisheries of
China, 34: 559-564
Zimmer, L., Delpal, S. and Guiloteau, D. 2000. Chronic n-3
polyunsaturated fatty acid deficiency alters dopamine
vesicle density in the rat forntal cortex. Neuroscience
Letters, 284: 25-28

