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To relieve the pressure on the future use of ﬁsh oil (FO), alternative oil sources need to be explored.
Alternative oil sources were evaluateddSchizochytrium sp. (SZ) and soybean oil (SO)don the growth
performance and ﬂesh quality of juvenile river prawn, Macrobrachium rosenbergii. Five experimental
diets differed in the types of oil used (oil comprised 3% of dietary ingredients): 3% FO, 1% SZ þ 2% SO, 1.5%
SZ þ 1.5% SO, 2% SZ þ1% SO and 3% SZ. After 60 d of the experiment, the survival rates of prawns fed nonFO diets did not signiﬁcantly (p > 0.05) differ from those fed the FO diet (77.82 ± 4.45e93.38 ± 0.00%).
Moreover, prawns fed diets containing both SZ and SO had signiﬁcantly (p < 0.05) better growth performance than those fed a single oil source. Prawns fed 2% SZþ1% SO showed the best ﬁnal weight,
percentage weight gain, absolute daily weight gain, speciﬁc growth rate and feed conversion ratio
(p < 0.05) while those fed 1.5% SZ þ1.5% SO or 3% SZ had the highest survival. Tissues of prawns fed the
non-FO diets contained higher amounts of n6 polyunsaturated fatty acid (PUFA) but were lower in n3
long-chain PUFAs (eicosapentaenoic acid and docosahexaenoic acid) than those fed the FO diet. Among
the non-FO groups, prawns fed 3% SZ had the most similar ﬂesh fatty acid proﬁle to those fed 3% FO.
Substitution of FO with combinations of SZ and SO signiﬁcantly improved growth performance and feed
utilization. The study recommended diets containing 2% SZ þ 1% SO or 1.5% SZ þ 1.5% SO for
M. rosenbergii juveniles.
Copyright © 2017, Kasetsart University. Production and hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction
Global crustacean aquaculture has continued to expand, while
at the same time, the amount of ﬁsh meal (FM) and ﬁsh oil (FO)
derived from ﬁsheries available for the formulation of aquatic diets
has steadily declined (Turchini et al., 2010). Food and Agriculture
Organization (2012) projected that the total amount of FO to be
used in aquaculture will increase by more than 16%, from 782,000 t
in 2008 to 908,000 t by 2020. The giant river prawn, Macrobrachium
rosenbergii is one of the most widely cultured freshwater prawns in
the world; in 2012, the worldwide production of M. rosenbergii was
220,254 t/yr, making it the seventh largest crustacean aquaculture
industry with the world's leading producers of this species being
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China (124,713 t, Bangladesh (45,162 t) and Thailand (23,913 t) in
2012 (Food and Agriculture Organization, 2013)..
FO has been used traditionally as a source of lipids to supply
energy and essential fatty acids in the diets fed to M. rosenbergii
(Hasan et al., 2007). Like other crustaceans, M. rosenbergii cannot de
novo synthesize the n3 and n6 essential fatty acids (EFAs) from
saturates or from monoenes and must obtain them through its diet
(Xu et al., 1993). M. rosenbergii also lacks the ability to synthesize
linolenic acid (LNA) and linoleic acid (LA) (D'Abramo and Sheen,
1993) and has limited ability to elongate and desaturate shortchain n3 and n6 polyunsaturated fatty acids (C18) to longchain polyunsaturated fatty acid (C  20; Reigh and Stickney,
1989). The main species of ﬁsh that are harvested and processed
for their ﬁsh oil are pelagic types (such as Engrauhs ringens, Brevoorita spp. and Pollachius spp.), which are known to have a lipid
content of about 8% or more (Turchini et al., 2010). These ﬁsh
species typically have a high n3 polyunsaturated fatty acid (PUFA)
content, particularly in long chain polyunsaturated fatty acids (LCPUFA), namely, eicosapentaenoic acid (EPA) and docosahexaenoic
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2452-316X/Copyright © 2017, Kasetsart University. Production and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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acid (DHA) (FAO, 2012). Depending on the ﬁsh species, the EPA and
DHA contents are in the range 4e22% and 2e13%, respectively
(Turchini et al., 2010). Since the future manufacture and availability
of FO is limited by the uncertain sustainability of natural supplies
and has high costs of production, and because of the possible
accumulation of dioxins and dioxin-like polychlorinated biphenyls
in the FO (Zhou et al., 2007), the search for alternative oil sources to
replace FO is necessary.
Marine algae are known to contain high levels of lipids and fatty
acids (for example, De Swaaf et al., 2003; Wu et al., 2005). Among
these, the marine algal species, Schizochytrium spp., are of interest
as their fatty acid composition is suitable as a feed ingredient and
provides for rapid growth rates under culture conditions (for
example, Ren et al., 2010). Schizochytrium spp. contain lipids in
amounts as high as 55% of the cell weight, of which the DHA, EPA
and arachidonic acid (ARA) can represent 35%, 7% and 5%, respectively, of the total fatty acids fraction (Barclay, 1997), which is close
to the composition in FO (Nakahara et al., 1996). Studies have
suggested that Schizochytrium spp. could serve as good substitutes
for ﬁsh oil or as PUFA supplements in the diets for crustaceans,
including the penaeid shrimp, Litopenaeus vannamei (Poungchor
et al., 2009; Wang et al., 2016) and freshwater prawn,
M. rosenbergii (Kangpanich and Senanan, 2015; Sisouvong et al.,
2013). In juvenile M. rosenbergii, a diet containing Schizochytrium
sp. (SZ) at 2% of ingredient dry weight yielded growth and survival
comparable to the FO control diet (Kangpanich and Senanan, 2015).
Also, juveniles fed a commercial diet (32% protein) supplemented
with 7.5% and 10% SZ (75 mL/kg feed and 100 mL/kg feed, respectively) improved growth and survival compared to the commercial
diet without SZ (Sisouvong et al., 2013).
Unlike marine ﬁsh and shrimp, freshwater animals require a
high content of both n3 and n6 PUFAs (Takeuchi and Watanabe,
1977), resulting in a ratio of n3 to n6 close to or less than 1
(Teshima et al., 1994). Essential sources of n6 PUFAs used in
commercial prawn diets are typically derived from plant oils
(Tacon, 1990). Several vegetable oils are used within the shrimp
feed industries, including oils derived from soybean (Goda et al.,
2011), corn (Kamarudin and Roustaian, 2002; Goda et al., 2011),
palm, canola, sunﬂower and linseed (Kim et al., 2013). However, the
traditional use of these vegetable oils as a substitute of FO in
aquafeeds only provides a partial replacement of the overall requirements of n3 and n6 fatty acids, especially LC-PUFA. A diet
containing an optimal n3 to n6 ratio may be necessary to fulﬁll
the growth requirement of M. rosenbergii.
Therefore, the present study investigated the total replacement
of ﬁsh oil either through the incorporation of a mixture of oils
derived from Schizochytrium sp. and soy or through the sole use of
Schizochytrium sp. oil added to experimental diets fed to juvenile
M. rosenbergii over 2 mth. The study determined the survival and
growth performance of the prawns throughout the trial and the
fatty acid content of the ﬂesh on termination of the trial. The effect
of a range of dietary ratios of n3 to n6 on the growth performance and ﬂesh fatty acid compositions was also tested.
Materials and methods
Experimental design and animals
Approximately M. rosenbergii post larvae age 1 mth, purchased
from a commercial farm in Chachoengsao province, Thailand, were
acclimatized in a 2.7 m3 cement pond at Rajamangala University of
Technology Tawan-ok, Chonburi, Thailand for 1 mth prior to the
start of the trial.
Fifteen juvenile M. rosenbergii (average weight ¼ 3.33 ± 0.20 g;
average total length ¼ 6.4 ± 0.03 cm) were randomly allocated to

each of the 15 experimental plastic tanks each with a capacity of
160 L containing fresh water. Each tank was supplied with two airstones having similar air ﬂows of 10 L/min. The daily water
replacement rate was 30% of the total volume. Each of ﬁve experimental diets was assigned at random to three replicates of the
tanks containing the juvenile prawns. The experimental prawns
were fed twice daily (0700 and 1800 h) with the assigned experimental diet at 10% of the wet body weight/day. The feeding trial
was conducted for 60 d.
Experimental diets
Five isonitrogenous and isoenergetic experimental diets were
tested (Table 1). The diets were modiﬁed from the feed formulation
developed by the Thai Department of Fisheries (Somsueb, 2009)
and derived from the best diet treatment (2% SZ diet) suggested by
Kangpanich and Senanan (2015). Each diet contained the same
basal composition but differed in n3 PUFA and n6 PUFA oil
compositions (ingredient source) and ratios. The ﬁsh oil/alternative
oil types constituted 3% of the total ingredients of the experimental
diets. The FO component in all but the control diet was completely
substituted by oil derived from Schizochytrium sp. (SZ) and from
soybean (SO) in the following ratios: Diet 1 contained 3% FO; Diet 2
contained 1% SZ and 2% SO; Diet 3 contained 1.5% SZ and 1.5% SO;
Diet 4 contained 2% SZ and 1% SO; and Diet 5 contained 3% SZ.
Data collection
Measurements were recorded for the growth performance
(initial and ﬁnal weight and length of each individual prawn) and
the survival rate, and the fatty acid compositions in the muscle
tissue of prawns in each treatment were analyzed. The total
amount of feed intake (in grams) was recorded for each tank for the
calculation of the feed conversion ratio. After the experiment had
concluded, 10 individuals from each tank were shelled, minced and
then stored at 20  C until the fatty acid content of each sample
could be determined. Due to the amount of tissue required for
analysing the fatty acid composition, individuals were pooled from

Table 1
Composition of the ﬁve experimental diets (%) prepared for the current study.
Ingredient

Diet 1

Diet 2

Diet 3

Diet 4

Diet 5

Fish meala
Soybean meal
Shrimp shell meal
Corn grain
Wheat ﬂour
Rice bran
Tuna oil
Soy oil
Schizochytrium sp.b
Binderc
Vitamin and mineral premixd
Proximate composition
Moisture
Protein
Lipid
Ash
NFEe
DEf

35.0
25.0
12.0
6.0
9.0
8.0
3.0
e
e
1.0
1.0

35.0
25.0
12.0
6.0
9.0
8.0
e
2.0
1.0
1.0
1.0

35.0
25.0
12.0
6.0
9.0
8.0
e
1.5
1.5
1.0
1.0

35.0
25.0
12.0
6.0
9.0
8.0
e
1.0
2.0
1.0
1.0

35.0
25.0
12.0
6.0
9.0
8.0
e
e
3.0
1.0
1.0

5.24
38.97
11.40
12.68
31.71
337.72

5.52
39.91
10.42
12.61
31.54
333.35

6.13
39.68
10.48
12.67
31.04
331.77

6.54
39.81
10.15
12.70
30.80
329.09

6.16
39.28
9.48
12.58
32.50
324.64

a

Mix of marine ﬁsh 55% protein from Siam ﬁsh meal Lp.
Drum-dried algal meal DHA Gold™ made from Schizochytrium sp. from Marine
Leader Co., Ltd.
c
a-starch from Mario Bio Products., Co. Ltd.
d
premix prawn from Planet Aquatic Chemical Co., Ltd.
e
NFE ¼ nitrogen free extract þ ﬁber.
f
DE ¼ Digestible energy (Kcal/100 g).
b
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all three replications for each treatment (30 individuals per treatment) and a duplicate analysis was performed on each pooled
sample.
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FCR ¼ total feed intake=WG
where all weights were measured in grams and ln represents the
natural logarithm function.

Chemical composition of the experimental diets
Statistical analysis
The moisture, crude protein, crude lipid and ash contents and
the nitrogen free extract (NFE) of the diets were determined according to standard procedures (Association of Ofﬁcial Analytical
Chemists, 2005). The digestible energy of the experimental diets
was calculated from the standard physiological energy values of
4 KcaL/g for crude protein and nitrogen-free extract and 9 KcaL/g
for lipid (Cavalli et al., 1999).

The effects of dietary treatments were determined by one-way
analysis of variance using the SPSS software package (version 11;
SPSS, Inc., Chicago IL, USA). Statistical signiﬁcance was set at
p < 0.05 and the mean differences among treatments were determined using Duncan's new multiple range test.
Results

Fatty acid composition of the experimental diets and ﬂesh samples
The experimental diets and ﬂesh samples were sent to Central
Laboratory (Thailand) Co., Ltd. for fatty acid compositions analysis.
The total lipid fraction in each diet and the ﬂesh samples were
subjected to extraction by ether and then the fats were methylated
to fatty acid methyl esters (FAMEs) using 14% BF3 in methanol. According to the standard method of Association of Ofﬁcial Analytical
Chemists (2005), the FAMEs were quantiﬁed using capillary gas
chromatography (GC). GC analysis was performed using an Agilent
6890 (Santa Clara, CA, USA); column type: capillary, equipped with
DB-MS and HP-INNOWAX columns (30 m  0.25 mm; ﬁlm thickness, 0.25 mm). The column features, in combination with the
temperature program applied, allowed the separation of the FAMEs,
which were eventually detected using a ﬂame ionization detector
(FID) at various temperatures. The FID detector used a temperature
of 210  C, and a pressure setting range of 0e100 psi.
Water quality analysis
On a daily basis, the temperature, pH (Model 63; YSI; Yellow
Springs, OH, USA) and dissolved oxygen were monitored during the
experiment. On a weekly basis, alkalinity (using the titration
method detailed in American Public Health Association et al., 1980),
hardness, ammonia (using the indophenol blue method detailed in
Grasshoff, 1976) and nitrate (using the diazotization method provided in Grasshoff, 1976) were determined.
Growth parameter calculations
Individuals in each experimental tank were measured for their
speciﬁc survival rate (SR), weight gain (WG), percentage weight
gain (%WG), absolute daily weight gain (ADG), growth rate (SGR, %
per day) and feed conversion ratio (FCR). These growth parameters
were calculated using the following calculations.

Proximate compositions and fatty acid contents of the experimental
diets
All experimental diets contained similar proximate compositions (Table1), with approximately 39% protein, 10% lipid, 13% ash
and 32% NFE content. The digestible energy content of each diet
was in the range 331.77e337.72 Kcal/100 g.
The major fatty acid classes of each diet generally reﬂected its oil
sources (Table 2). In all diets, the amounts of total monoenes and
saturates were higher than those of total n3 PUFA, n3 LC-PUFA
(EPA þ DHA) and n6 PUFA. The amounts of total saturates, monoenes, n3 PUFA, n3 LC-PUFA and n6 PUFA in Diets 1 and 5 were
almost identical. In contrast to Diets 1 and 5, Diets 2, 3 and 4 contained lower levels of total saturates, n3 PUFA and n3 LC-PUFA but
higher levels of total monoenes and n6 PUFA. In Diets 2, 3 and 4, the
level of total saturates and total n3 PUFA increased slightly with an
increasing SZ content. However, the percentage of total monoenes
and n6 PUFA in these diets gradually decreased with the increasing
SZ content. The percentages of total n3 PUFA and n6 PUFA contents in Diets 1 and 5 were both approximately 19%, resulting in a
ratio of total n3 PUFA to total n6 PUFA close to 1 (0.96 for both
diets). By comparison, the levels of total n3 PUFA in Diets 2, 3 and 4
were much lower than those of total n6 PUFA in the same diets,
resulting in ratios of total n3 PUFA to total n6 PUFA of 0.45e0.65.
All diets contained LA as a principal component of total n6
PUFA but Diets 2, 3 and 4 contained higher levels of total n6 PUFA
compared to those determined in Diets 1 and 5. For n3 PUFAs,
DHA and LNA were the main components of all diets, however, the
DHA content of Diets 2, 3 and 4 was lower than that of both Diets 1
and 5. The LNA content also steadily declined from Diet 2 through

Table 2
Major fatty acid classes (% of total fatty acids) of the experimental diets.
Fatty acida

SRð%Þ ¼ ðfinal number of prawns=initial number of prawnsÞ
 100
WG ¼ final body weight  initial body weight
%WG ¼ ðWG=initial body weightÞ  100
ADG ¼ WG=number of days
SGR ¼ ððln final weight  ln initial weightÞ  100Þ
=number of days

18:2n6 (LA)
20:4n6 (ARA)
18:3n3 (LNA)
20:5n3 (EPA)
22:6n3 (DHA)
P
saturates
P
monoenes
P
n6 PUFA
P
n3 PUFA
P
n3 LC-PUFA (EPA þ DHA)
P
P
n3/ n6

Experimental diet
Diet 1

Diet 2

Diet 3

Diet 4

Diet 5

17.8
1.02
4.36
3.89
9.90
33.80
28.28
19.10
18.40
13.79
0.96

27.4
0.54
4.91
2.03
5.42
28.20
30.84
28.19
12.60
7.45
0.45

25.1
0.58
4.79
2.12
6.68
29.60
30.38
25.91
13.90
8.8
0.54

23.1
0.62
4.71
2.26
8.16
30.70
29.56
23.99
15.50
10.42
0.65

18.8
0.70
4.57
2.54
11.40
32.50
28.14
19.84
19.00
13.94
0.96

a
LA ¼ linoleic acid, ARA ¼ arachidonic acid, LNA ¼ linolenic acid,
EPA ¼ eicosapentaenoic acid, DHA ¼ docosahexaenoic acid, PUFA ¼ poly unsaturated fatty acid.
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Table 3
Growth performance (mean ± standard deviation) of Macrobrachium rosenbergii fed different experimental diets for 60 db.
Growth performancea

Experimental diet
Diet 1

Diet 2

Diet 3

Diet 4

Diet 5

Initial weight (g)
Final weight (g)
Final length (cm)
Survival rate (%)
Weight gain (g)
Length gain (cm)
Weight gain (%)
ADG (g)
SGR (%/day)
FCR

3.11 ± 0.02a
7.65 ± 0.08c
7.87 ± 0.09a
80.04 ± 3.85ab
4.54 ± 0.05bc
1.53 ± 0.11a
145.97 ± 0.45c
0.08 ± 0.00b
1.50 ± 0.00c
2.05 ± 0.01a

3.13 ± 0.01a
8.12 ± 0.03b
8.11 ± 0.16a
80.04 ± 7.70ab
4.99 ± 0.03b
1.62 ± 0.0a
159.36 ± 0.38b
0.08 ± 0.00b
1.59 ± 0.00b
1.88 ± 0.01b

3.17 ± 0.02a
8.25 ± 0.07b
7.78 ± 0.26a
93.36 ± 3.84a
5.08 ± 0.04ab
1.30 ± 0.21a
160.13 ± 0.72b
0.08 ± 0.00b
1.59 ± 0.00b
1.87 ± 0.01b

3.12 ± 0.02a
8.76 ± 0.08a
7.98 ± 0.19a
77.82 ± 4.45b
5.64 ± 0.09a
1.55 ± 0.12a
181.20 ± 4.07a
0.10 ± 0.00a
1.72 ± 0.03a
1.65 ± 0.04c

3.14 ± 0.02a
7.59 ± 0.06c
7.65 ± 0.27a
93.38 ± 0.00a
3.97 ± 0.41c
1.27 ± 0.27a
141.38 ± 2.45c
0.07 ± 0.00b
1.47 ± 0.02c
2.12 ± 0.04a

a
b

ADG ¼ absolute daily weight gain, SGR ¼ speciﬁc growth rate FCR ¼ feed conversion ratio.
Values with different lowercase superscript letters are signiﬁcantly different (p < 0.05).

Diet 4. The control diet (Diet 1) and Diet 5 contained twice as much
DHA as LA. In contrast, DHA and LA in Diets 2, 3 and 4 were present
in similar amounts, although the DHA level in Diet 4 was higher
than in the other two diets (Table 2).

those fed Diets 2 and 3 showed signiﬁcantly better growth than
those juveniles fed Diets 1 and 5 (Table 3).

Growth performance of giant river prawn

The ﬂesh fatty acid compositions (Table 4) typically corresponded to the dietary fatty acid compositions (Table 2) with
substantially increased proportions of total saturates and decreased
proportions of total EFAs in the ﬂesh. The major fatty acid classes
found in the ﬂesh across all experimental groups were total saturates and total monoenes, with the quantity of total saturates being
higher than that of the total monoenes in all samples. Prawns fed
Diet 5 had the highest total saturates in the ﬂesh (p < 0.05). For
EFAs, the percentages of both LA and LNA were reduced in the ﬂesh
across all experimental groups. Although the total n3 LC-PUFA in
the ﬂesh was similar to the dietary levels in most experimental
groups, the ﬂesh EPA levels increased compared to the dietary
levels across all experimental groups.
Regarding the ﬂesh EFA composition, only the prawns fed the FO
diet (Diet 1) presented similar values of total n3 PUFA and n6
PUFA in their ﬂesh, resulting in the ratio of n3 to n6 being close
to 1. Prawns fed non-FO diets showed lower ratios of n3 to n6
(0.43e0.82; Table 4) with the ﬂesh ratios of n3 to n6 corresponding to the oil combinations. Individuals fed the FO diet had
the highest levels of ﬂesh total n3 PUFA and n3 LC-PUFA, and
lowest n6 PUFA. The ﬂesh LNA content was approximately 2% of
total lipid across all experimental groups, but the EPA and DHA
contents of individuals fed the FO diet were signiﬁcantly higher

The initial weight and length of the experimental juvenile
prawns did not differ among treatments (p > 0.05). After 8 wk,
there were signiﬁcant differences in the survival rates and some
growth performance parameters among experimental groups
(Table 3). The prawns fed Diets 3 and 5 had the highest survival
rates, which were signiﬁcantly different from those fed Diet 4. The
survival rates of the juveniles fed Diets 3 and 5 were not signiﬁcantly different from those fed on Diets 1 and 2. Although prawns
fed Diet 4 had the lowest survival rate, this rate was not signiﬁcantly different from that of the juveniles fed the control diet.
The prawns fed Diet 4 showed the best ﬁnal weight, which was
signiﬁcantly different from those fed the other four experimental
diets. The ﬁnal weights of juveniles fed Diets 2 and 3 did not
signiﬁcantly differ, but were signiﬁcantly higher than those fed
Diets 1 and 5. Furthermore, the prawns fed Diet 4 had the highest
percentage weight gain, ADG and SGR values and the lowest FCR
compared to juveniles fed the other four experimental feeds
(p < 0.05). In addition, the prawns fed Diet 4 also had the lowest
feed conversion ratio. Apart from this, no other marked differences
in growth performance were observed between the prawns fed
either Diets 2 and 3 or between those fed on Diets 1 and 5, although

Fatty acid composition of the ﬂesh

Table 4
Major fatty acid classes (%) of Macrobrachium rosenbergii muscle (whole body) fed different experimental diets.
Experimental dietsb
Fatty acida

Diet 1

Diet 2

Diet 3

Diet 4

Diet 5

18:2n6(LA)
20:4n6(ARA)
18:3n3(LNA)
20:5n3(EPA)
22:6n3(DHA)
P
saturates
P
monoenes
P
n6 PUFA
P
n3 PUFA
P
n3LC-PUFA (EPA þ DHA)
P
P
n3/ n6

13.02 ± 0.03ec
2.68 ± 0.01b
2.12 ± 0.01d
7.38 ± 0.02a
6.42 ± 0.08a
38.39 ± 0.05b
28.91 ± 0.05b
15.80 ± 0.04e
16.16 ± 0.11a
13.80 ± 0.11a
1.03 ± 0.01a

20.84 ± 0.06a
1.79 ± 0.01d
2.23 ± 0.01c
4.59 ± 0.01e
2.67 ± 0.01d
35.63 ± 0.02d
31.04 ± 0.05a
22.72 ± 0.05a
9.71 ± 0.01d
7.26 ± 0.01e
0.43 ± 0.01d

18.05 ± 0.01c
2.42 ± 0.01c
2.29 ± 0.01b
5.42 ± 0.01d
4.93 ± 0.06c
36.91 ± 0.08c
28.76 ± 0.03c
20.59 ± 0.01c
12.93 ± 0.07c
10.35 ± 0.07d
0.63 ± 0.01c

19.85 ± 0.06b
2.39 ± 0.01c
2.45 ± 0.01a
6.09 ± 0.03b
5.09 ± 0.01c
34.75 ± 0.07e
28.16 ± 0.08d
22.35 ± 0.06b
13.92 ± 0.04b
11.18 ± 0.03c
0.62 ± 0.01c

14.02 ± 0.03d
2.81 ± 0.02a
2.09 ± 0.01e
5.72 ± 0.06c
6.13 ± 0.20b
40.40 ± 0.32a
27.95 ± 0.06e
17.00 ± 0.01d
13.93 ± 0.25b
11.85 ± 0.26b
0.82 ± 0.01b

a
b
c

LA ¼ linoleic acid, ARA ¼ arachidonic acid, LNA ¼ linolenic acid, EPA ¼ eicosapentaenoic acid, DHA ¼ docosahexaenoic acid, PUFA ¼ poly unsaturated fatty acid.
Values are given as the mean ± standard deviation of a duplicate analysis of a pooled ﬂesh samples per treatment.
Values with different lowercase superscript letters are signiﬁcantly different (p < 0.05).
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than other groups. Compared to the other non-FO groups, prawns
fed the diet with 3% SZ had higher ﬂesh DHA but comparable EPA
levels. Individuals that consumed Diet 2 had the highest level of
ﬂesh n6 PUFA (p < 0.05).
Water quality during the experimental trial
Water quality was consistent through the experimental period
and across experimental tanks. The temperature of the water during the experimental trial was in the range 28.4 ± 0.2e29.2 ± 0.3  C,
dissolved oxygen was in the range 7.04 ± 0.48e7.70 ± 0.42 mg/L, pH
was in the range 7.86 ± 0.10e7.90 ± 0.08, alkalinity was in the range
105.88 ± 8.13e110.42 ± 7.90 mg/L, hardness was in the range
97.04 ± 12.89e110.08 ± 5.77 mg/L and the concentration of
ammonia was in the range 0.05 ± 0.02e0.13 ± 0.04 mg/L.
Discussion
LC-PUFA-rich Schizochytrium sp. was shown to be a viable
alternative to FO in the diets for juvenile M. rosenbergii. The results
conﬁrmed that replacing FO with varying amounts of SZ had no
negative inﬂuence on the survival of the juvenile M. rosenbergii. All
prawns fed non-FO diets had similar survival rates to those fed the
FO diet (p > 0.05), although the prawns fed diets containing SZ at
1.5% or 3% showed slightly better survival rates than those fed the
FO diet. The juvenile prawn survival rates in this study were
satisfactory and comparable to other similar diet studies
(Kangpanich and Senanan, 2015; Sisouvong et al., 2013; Kim et al.,
2013). Increasing the oil percentage in the diet from 2% in
Kangpanich and Senanan (2015) to 3% in the current study did not
compromise juvenile growth and slightly improved the weight gain
and SGR. In addition, most of the non-FO diets yielded better
growth performance for the prawns than those fed the FO diet. The
current results concurred with several studies reporting that
partially or entirely replacing FO in aquafeeds with SZ did not
negatively affect ﬁsh or shellﬁsh production (Langdon and Onal,
1999; Miller et al., 2007; Li et al., 2009).
However, for improved growth performance, juvenile
M. rosenbergii appeared to respond better to diets containing a
combination of SZ and SO that corresponds to a dietary ratio of n3
to n6 of approximately 0.54e0.65. Juvenile M. rosenbergii fed the
diets containing a combination of SZ and SO (Diets 3 and 4; dietary
n3:n6 between 0.54 and 0.65) had better ﬁnal weight and
weight gains, as well as better feed conversion ratios than those fed
the diet containing only FO or SZ (Diets 1 and 5, respectively;
n3:n6 of approximately 0.96). The best growth performance of
M. rosenbergii occurred for prawns fed Diet 4, which may have been
due in part to their slightly lower survival rates that led to less
competition among individual prawns within the tank. These oil
combinations may have better satisﬁed the juvenile's needs for
fatty acids compared to a single oil source. Kamarudin and
Roustaian (2002) and Leela et al. (2005) observed similar growth
beneﬁts in larval M. rosenbergii fed diets containing combinations
of cod liver oil and a vegetable oil source.
The lipid levels in the experimental diets provided comparable
contents of monoenes and saturates across all experimental diets
(28e33% of total fatty acids) and appeared adequate for the juveniles' growth. Increased proportions of saturated fatty acid in ﬂesh
compared to the dietary levels across all experimental groups
indicated juvenile M. rosenbergii's ability to synthesize and elongate this fatty acid class from shorter chain fatty acids (C2:0) (Tacon,
1987; Kim et al., 2013). They may also be able to synthesize monoenes from saturates through elongation and desaturation
reactions.
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Juvenile M. rosenbergii seemed to require both n3 and n6
fatty acid series for growth. The results also suggested the need for
higher dietary n6 than n3 fatty acids for juvenile M. rosenbergii
(dietary n3:n6 ¼ 0.54 to 0.67; n6 PUFA ¼ 25.91 to 23.99% of
total fatty acids) given an adequate dietary LC-PUFA level (8.8% and
10.42% of total fatty acids in Diets 3 and 4, respectively). D'Abramo
and Sheen (1993) reported growth beneﬁts from LC-PUFA (DHA)
when added at 0.075% of diet ingredients while adding LA or LNA
alone did not stimulate growth. In the current study, negative impacts were not detected from high levels of n6 fatty acids
(23.99e28.19% of total fatty acids). These results were consistent
with current knowledge on the EFA requirements of this species,
which are different from marine shrimp species (reviewed by
D'Abramo, 1998; Mukhopadhyay et al., 2003; National Research
Council, 2011). The ratios of n3 to n6 observed in Teshima
et al. (1994) (dietary n3:n6 ¼ 0.083) and in the current study
were much lower than those required by marine Penaeus species
(for example, Penaeus sylisostris n3:LA ¼ 1.18, Fenucci et al., 1981;
Penaeus monodon n3:n6 ¼ 2.5, Glencross et al., 2002). The
amphidromous behavior of M. rosenbergii may explain the importance of both fatty acid classes, especially n6, for juvenile growth.
The juvenile stage requires a brackish water environment for the
larval development and relies on n3 rich, marine-based diets
(Alam et al., 1995). As the juveniles migrate upstream to freshwater
systems, they would rely on a freshwater food web, which typically
is rich in n6 fatty acids (Desvilettes et al., 1997).
In addition, the optimal dietary ratios discovered in the current
study seemed well reﬂected in the ﬂesh ratios of n3 to n6. The
ratios were also similar to those detected in adult M. rosenbergii
collected from natural and semi-natural environments (0.41e0.8,
Chanmugam et al., 1983; Bhavan et al., 2010; Li et al., 2011). The
current results and Kim et al. (2013) suggest that it is possible to
entirely replace FO with vegetable oils with appropriate fatty acid
contents and this replacement can enhance the growth of juvenile
M. rosenbergii. Kim et al. (2013) tested various vegetable oils as
alternatives to FO. Compared to juvenile M. rosenbergii fed a diet
containing FO (5.5% of diet ingredients), they found signiﬁcantly
better growth for groups fed diets containing canola oil (dietary
n3:n6 ¼ 0.4; ﬂesh n3:n6 ¼ 0.8; dietary LC-PUFA ¼ 5.9% of
total fatty acids). The outcomes of the current study and Kim et al.
(2013) may be attributed to adequate quantities of both classes of
essential fatty acids, LC-PUFA as well as the appropriate ratios of
n3 to n6 in the diets.
Seafood is recommended in human diets to increase the ratio
of n3 to n6 and to promote human health by preventing cardiovascular disease, cancer and inﬂammatory autoimmune diseases
and by supporting brain development and function (Ruxton et al.,
2007). Replacing traditional LC-PUFA rich FO with vegetable oils
in aquafeed may lower the concentrations of n3 fatty acids
(Gunstone, 2010), thereby affecting the ﬁnal quality of farmed
aquaculture species. In the current study, the percentage of n3
PUFA in tissue of the M. rosenbergii fed FO and SZ diets was
similar, although the n3 LC-PUFA level of the latter group was
slightly reduced and the n6 PUFA content was increased. The
n3 PUFA contents were much reduced in the prawn groups that
consumed Diet 2. This result suggested that it is possible to utilize
SZ as a sole oil source in the juvenile M. rosenbergii diet without
negatively affecting tissue n3 PUFA accumulation. However, to
achieve both good growth performance and desirable ﬂesh fatty
acid proﬁles, the diet of M. rosenbergii juveniles may need to
contain a combination of SZ and a vegetable oil with high LC-PUFA
and relatively low n6 content. Additionally, feeding a diet rich in
LC-PUFA to sub-adult shrimp before harvest may also improve
ﬂesh fatty acid proﬁles although the feeding duration needs
further investigation.
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