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Abstract: In this study, shrimp feed was substituted with a dried alga, Schizochytrium sp., at five levels (0, 10, 20, 40, and 60%
of compound feed) to yield protein/energy (P/E) ratios of 22.72, 19.75, 16.71, 13.72 and 10.75 mg protein/KJ, respectively. The
effects of this substitution on the specific growth rate (SGR), survival rate, fatty acid composition, digestive enzyme activities
and biochemical composition of the sera in postlarval white shrimp (Litopenaeus vannamei) were evaluated. Four replicates,
each consisting of 5,000 postlarval shrimp in a single cage, were performed at each substitution level. The postlarval shrimp were
randomly distributed to 20 cages, and the duration of the trial was 50 d. The results showed that the best performance was
obtained with a diet containing 40% dried Schizochytrium. The survival rate of the 40% trial group was 24% higher than that of
the shrimp fed a control diet (p < 0.05). The final body weight gain and SGR peaked at a substitution level of 40% dried
Schizochytrium (p <0.05). The feed conversion ratios (FCRs) of the 20% and 40% trial groups were significantly lower than that
of the control group (p < 0.05). The muscle protein and ash contents of the shrimp fed diets containing 20% and 40% dried algae
were higher than those of the shrimp fed the control diet (p < 0.05). Although the level of dried Schizochytrium was associated
with a decrease in the protease specific activity, an increase in the lipase activity was observed. The serum biochemical
composition of the shrimp was significantly affected by the level of dried Schizochytrium in the diet (p < 0.05). In summary,
when the feed content of dried Schizochytrium ranged from 20 to 40%, an optimal P/E ratio of 13.72-16.71 mg protein/KJ was
achieved. Thus, such supplementation could increase the amount of highly unsaturated fatty acids (HUFAs) and decrease the
required level of protein in the production of high-quality feed.
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prey to formulated diets, high mortality and poor growth of
larval shrimp have consistently been observed [1]. Thus, the
substitution of appropriate formulated diets for live prey is
crucial for sustaining the production of high-quality juvenile L.
vannamei, and a cost-effective and nutritionally balanced feed
formulation must be developed for this species in the future.
Marine fish meals and fish oils are often included in L.

1. Introduction

Litopenaeus vannamei was introduced to China in 1988 and
rapidly became the most common shrimp species cultured in
China. Larval shrimp breeding is still dependent on live prey,
such as rotifers and Artemia, and during the transfer from live
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vannamei feed formulations because they provide excellent
sources of high-quality essential amino acids, attractants, and
highly unsaturated fatty acids (HUFAs). However, because of
the unstable prices associated with fluctuations in the supply
of these materials, the replacement of these marine ingredients
with cost-effective alternative sources of proteins and lipids in
aquaculture feeds is a high-priority task for feed mills and
aquaculturists [2]. Numerous studies have evaluated the
potential use of specific protein or lipid sources as alternatives
to fish meals and fish oil in aquatic feeds [3-6]. However,
these alternative sources usually lack HUFAs, especially
docosahexaenoic acid (DHA), which is considered essential
for the appropriate growth and survival of L. vannamei [7]
because it cannot be synthesized de novo by this species.
Therefore, DHA should be added to the feed [8]. In addition to
fish oil and fish meal, another potential option that has been
explored as a source of DHA in aquaculture feeds is the use of
heterotrophic microalgae, such as Schizochytrium sp. [7, 8].
Patnaik et al. (2006) [7] found that DHA levels of 5 g kg
performed better than levels of 20 g kg'1 in L. vannamei diets.
Samocha et al. (2010) [8] compared the performance of
juvenile L. vannamei offered a HUF A-deficient diet with that
of juveniles offered diets containing HUFA sources from
Schizochytrium sp. fermentation products or marine
ingredients and found that the Schizochytrium sp.
fermentation products represented a viable dietary source of
DHA as a replacement for marine fish oil. The use of a
high-quality formulated diet is crucial for the growth
performance and survival of L. vannamei from the postlarval

to the juvenile stage, and the nutritional requirements of
different stages of L. vannamei differ. However, previous
research has not focused on the effects of including
Schizochytrium sp. in the diet of late postlarval L. vannamei.
Increasing the fat content of the diet would make it feasible to
add less protein, and the use of an appropriate protein/energy
(P/E) ratio is conducive to the growth performance of L.
vannamei [9]. Hence, the objective of this study was to test the
growth performance, digestive enzyme activity and serum
biochemical composition of late postlarval L. vannamei fed
diets containing various levels of Schizochytrium sp.
fermentation products as the primary lipid and DHA source.

2. Materials and Methods

2.1. Experimental Design

Dried Schizochytrium sp. was used in the shrimp feed at
five levels: 0 (control), 10, 20, 40, and 60% of the proximate
composition of the experimental diets, and the P/E ratios of
the diets at these levels of supplementation were 22.72, 19.75,
16.71, 13.72 and 10.75 mg protein/KJ, respectively. The
percentage of fish meal in the individual diets was decreased
to 13.33, 26.66, 40.00, and 53.33% the level in the diet fed to
the control group (Table 1). Each treatment included four
replicates, and each replicate consisted of 5,000 postlarval
shrimp placed in a single cage with a surface area of 4 m* and
a depth of 1.5 m. The dried Schizochytrium sp. was produced
by Roquette (Wuhan, Hubei, China).

Table 1. Ingredients and proximate compositions of experimental diets (DM basis%).

Diet

0% 10% 20% 40% 60%
Fish meal 30.00 26.00 22.00 18.00 14.00
Peanut meal 10.00 6.38 0.24 1.00 0.00
Soybean meal 24.00 19.00 17.00 6.00 1.00
Shrimp shell powder 2.00 2.00 2.00 2.00 2.00
Beer yeast 3.00 3.00 3.00 3.00 0.00
Squid meal 1.00 1.00 1.00 1.00 1.00
Dried algae 0.00 10.00 20.00 40.00 60.00
Wheat flour 21.27 27.12 29.20 23.20 15.72
Vitamin mix' 1.43 1.43 1.43 1.43 1.43
Mineral mix> 1.00 1.00 1.00 1.00 1.00
Methionine 0.3 0.42 0.46 0.55 0.55
DL-Lysine 1.00 1.00 1.10 1.30 1.30
Monocalcium phosphate 1.50 1.50 1.50 1.50 1.50
Soybean oil 2.00 0.15 0.07 0.02 0.00
Fish oil 1.50 0.00 0.00 0.00 0.00
Binder 0.00 0.00 0.00 0.00 0.50
Total 100 100 100 100 100
Proximate Composition (gkg' dry matter)
Crude Protein 414.8 377.8 3413 304.5 267.6
Crude fat 71.0 78.5 94.7 156.7 207.4
GE (MJ/kg)’ 18.26 19.12 20.42 22.19 24.89
Protein/Energy (P/E) (mg protein/KJ) 22.72 19.75 16.71 13.72 10.75

'One kilogram of vitamin mix contains: vitamin A 100 000 IU, vitamin D 200 000 IU, tocopherol acetate 3 g, menadione 1 g, thiamine 0.5 g, riboflavin 1.5 g,
nicotinic acid 4 g, Ca-pantothenate 2.5 g, pyridoxine 0.8 g, vitamin By, 2 mg, folic acid 0.25 g, biotin 8 mg, inositol 15 g. *One kilogram of mineral mix contains:
CH(H2PO4)2 600 g, KCI'(SO4)2 0.55 g, CHCO3 0.3 g, FCC(,H507'10 g, MgO 30 g, Ml’lSO4 3.5 g, C(,H5K307'H20 220 g, KI10.02 g, KzSO4 52 g, NaCl 74 g, NaZSeO3
0.02 g, ZnCO; 3 g. *ME was a calculated value and others were measured values. GE (MJ/kg dry matter)=23.4xCP (%)+39.2xEE (%)+17.2xCARB (%). CARB

(%)=1- (CP (%)+EE (%)+Moisture (%)).
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2.2. Experimental Litopenaeus Vannamei

A total of 20 cages placed in fixed positions in a 4000-m>
pond were used in the trial. Postlarval shrimp were randomly
assigned to the 20 cages. Each cage was equipped with an air
pump to allow for continuous aeration. Before they were fed
the treatment diets, all postlarval shrimp were fed the control
diet for seven days to allow them to adapt to the testing
environment. The duration of the trial was 50 d. The water
temperature, salinity, and dissolved oxygen levels were
monitored daily using an YSI model 550A DO meter (YSI
Inc., Yellow Springs, OH, USA). Ammonia and NO, levels
were analyzed weekly and maintained within the ranges
recommended for the commercial production of shrimp. The
treatment diets were fed to the postlarval shrimp five times
daily for the first 10 days and four times per day for the
remainder of the trial period. The feeding rate (approximately
10-20% of the body weight) was adjusted based on satiation
by observing the excess feed in the indicator net at the bottom
of the cage and the food in the shrimp intestines. The feed
intake was recorded daily for each cage. Dissolved oxygen
(DO) levels of 6.5-7 mg L™,

2.3. Measurements

2.3.1. Growth Performance

The body weight of the postlarval shrimp in each cage was
recorded at the beginning and end of the trial. Dead shrimp
were also recorded and immediately removed from the cages.
The feed conversion ratio (FCR) was calculated based on the
body weight gain and consumed feed using the following
formulas:

Initial body weight per shrimp = (body weight of 100
shrimp at the beginning of the trial) / 100;

Final body weight per shrimp = (body weight of total
shrimp at the end of the trial) / final number of surviving
shrimp per cage;

Body weight gain per shrimp = final body weight gain —
initial body weight;

Feed intake per shrimp = sum of daily feed intake / final
number of surviving shrimp per cage;

FCR = feed intake per shrimp/body weight gain per shrimp;

Survival rate = final number of shrimp per cage / initial
number of shrimp per cage x 100;

Specific growth rate (SGR,%) =(Log. final weight - Log,
initial weight/Experimental days) x 100.

2.3.2. Sample Collection and Pretreatment

At the end of the 50-day feeding trial, shrimp were collected
from each cage for body weight and survival measurements.
Fifty shrimp from each cage were randomly selected and used
to obtain samples of serum, hepatopancreas, intestine and
muscle. The shrimp were treated as follows: hemolymph was
drawn from the pericardial cavity over an ice bath, pooled, and
centrifuged (7000 g, 20 min, 4 °C) to obtain the serum. The
serum, hepatopancreas, and intestine samples were stored at
-20°C for future analysis, and the muscle samples were cut

into pieces and freeze dried.

2.3.3. Protein Content and Lipid Composition of Muscle

Crude protein and crude fat analysis:

Crude protein (CP, N x 6.25) was determined using an
automatic Kjel-Foss apparatus (2300; Foss Tecator AB,
Hogands, Sweden). Crude fat was determined by a modified
Folch method [10]. After standing for 24 h, 10 ml of the Folch
extract (sample: Folch solution = 1:20 m: v; Folch solution =
chloroform: methanol 2:1 v: v) was filtered into a
pre-weighed glass tube, and 2 ml of 0.4% CaCl, was added.
After allowing the sample to stand for 30 min, 2 ml of eluent
(chloroform: methanol: water 8:4:3, v: v: v) was pipetted in
and out of the tube three times to rinse the tube wall. The
solution was then evaporated to dryness in a vacuum drying
oven (DZF-6050; Boxun Industry & Commerce Co. Ltd.,
Shanghai, China). Finally, the sample tube was wiped to
remove all traces of solvent and water and placed in a sealed
vacuum tube. The fat content was determined gravimetrically,
and the total lipids were taken up in 10 ml of chloroform and
then stored at -20°C until analysis.

Fatty acid analysis:

Fatty acid methyl esters (FAMEs) were obtained by
transesterification ~ with  14%  BF3/methanol  using
nonadecanoic acid (5% of total lipids) as the internal standard
[11].  The FAMEs  were separated by  gas
chromatography-mass spectrometry (models 7890A GC and
5975C GC/MS; Agilent, Santa Clara, CA, USA), using a
non-polar capillary vessel column (Omegawax 320; Supelco,
Bellefonte, PA, USA, 30 m long, 0.32 mm internal diameter,
0.25 um film thickness) with helium (purity > 99.99%) as the
carrier gas. The column oven was held initially at 40°C for 2
min; the temperature was then increased by 100°C/min to
170°C and then by 20°C/min to 240°C, and then it was held
for 3 min. The total running time was 35.7 min. The injection
volume was 1 pl. The percentages of individual fatty acids
were calculated according to the peak areas relative to that of
the internal standard (nonadecanoic acid, 19:0) area. All fatty
acid results are expressed as the mean + SD g/g total fat.

2.3.4. Digestive Engyme Activities and Serum Biochemical
Composition

Prior to the enzyme activity analysis, the intestine or
hepatopancreas samples from each group were homogenized
in 1:4 normal saline (m: v) in an ice bath. The homogenate
was centrifuged for 10 min at 12,000 rpm at 4°C. The
supernatant was kept on ice prior to analysis. Protease activity
was determined spectrophotometrically using a modification
of the method of Folin-Ciocalteu [12]. Spectrophotometric
measurements of lipase activity were performed using p-NPP
as the substrate. The serum total protein (TP), triglyceride
(TG), total cholesterol (TO), high-density
lipoprotein-cholesterol (HDL-C), and low-density
lipoprotein-cholesterol (LDL-C) were assayed using an
autoanalyzer (model BS-300; Mindray, Shenzhen, China)
[13].
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2.4. Statistical Analysis

All statistical analyses were performed using SPSS 11.5
software. One-way analyses of variance (ANOVAs) were
used to detect significant differences (p < 0.05) among
treatment groups, and Duncan’s multiple range test was
applied to determine significant differences between treatment
groups.

3. Results

3.1. Effect of Dried Schizochytrium on the Growth
Performance of Postlarval L. Vannamei

The growth data (Table 2) showed that the final body
weight, survival rate, FCR and SGR of the shrimp were

significantly affected by supplementation of the diet with
dried Schizochytrium. The best performance data were
obtained with a diet containing 40% dried Schizochytrium.
The survival rate of the 40% trial group was 24% higher than
that of the shrimp fed the control diet (p < 0.05), although
significant differences were not observed between the other
three groups fed dried algae and the control group (p > 0.05).
The final body weight gain and SGR peaked at 40% dried
Schizochytrium (p < 0.05), and as the content of dried algae in
the diet was further increased to 60%, the final body weight
gain and SGR decreased. The FCRs of the 20% and 40% trial
groups were significantly lower than that of the control group
(p < 0.05), although significant differences were not observed
in the FCR among the control group, the 10% trial group and
the 60% trial group.

Table 2. Effects of dried algaeSchizochytrium substitution on the production performance of post-larval L. vannamei.”

Drie‘d algae' Initial body weight  Final body weight Final body weight Specific Feed conversion Survival rate
Schtz'och¥ trim (mg/shrimp) (g/shrimp) gain (g/shrimp) growth rate ratio (%)
substitution level

0% 16.2+0.32 1.97+0.03° 1.95+0.03° 9.80+0.02° 0.90+0.03* 60.93+1.59"
10% 16.5+0.29 1.85+0.05° 1.83+0.05° 9.63+0.07¢ 0.84+0.02% 61.59+4.17°
20% 16.4+0.26 2.75+0.25" 2.73+0.25" 10.44+0.18° 0.80+0.02" 64.42+1.97°
40% 16.4+0.37 3.5240.16° 3.50£0.16° 10.96+0.10° 0.77+0.03° 75.3543.11°
60% 16.5+0.26 2.87+0.16° 2.85+0.16° 10.52+0.10° 0.86+0.02%° 65.09+2.28°

* Different letters in the same column represent significant difference at p < 0.05.

3.2. Effect of Dried Schizochytrium on the Biochemical
Composition of the Muscle tissue of Postlarval L.
Vannamei

The protein and ash contents of shrimp muscle were
significantly affected by supplementation of the diet with
different levels of dried Schizochytrium (Table 3). The muscle
protein content of the shrimp fed diets containing 20%, 40%
and 60% dried algae was higher than that of the shrimp fed the

control diet (p < 0.05), although significant differences were
not observed in the muscle protein content between the control
group and the 10% trial group (p > 0.05). The ash contents of
the 20% and 40% trial groups were significantly higher than
that of the control group, although significant differences were
not observed among the control group (p <0.05), the 10% trial
group and the 60% trial group (p > 0.05). The crude fat and
moisture contents were similar in all groups (p > 0.05).

Table 3. Effect of dried algae Schizochytrium on Biochemical composition of post -larval L. vannamei muscle (% air dry samples).

Diets
Biochemical composition

0% 10% 20% 40% 60%
Moisture 76.64+0.09 76.46+0.21 76.45+0.09 76.33+0.10 76.60+0.45
Crude Ash 6.52+0.04° 6.62+0.04¢ 6.9240.03° 7.23+0.12* 6.55+0.03¢
Crude Protein 87.69+0.26" 88.30+0.17° 89.39+0.04" 89.97+0.17* 89.29+0.56"
Crude fat 5.56+0.08 5.57+0.04 5.58+0.03 5.49+0.03 5.52+0.04

e Values within the same line with different superscript letters represent significant difference (P < 0.05). a>b >c.

3.3. Effect of Dried Schizochytrium on the Fatty Acid
Composition of L. Vannamei Muscle Tissue

Although dried algae were not present in the diet fed to the
control group, the fish meal and fish oil provide DHA in the
diet, resulting in the incorporation of DHA into the shrimp
muscle tissue. Nevertheless, the replacement of feed with
dried Schizochytrium led to further significant increases in the

percentage of certain fatty acids in the muscle fat of the shrimp.

The eicosapentaenoic acid (EPA) content of the 20% and 40%

trial groups was significantly higher than that of the control
group (p < 0.05). The DHA contents of the 10%, 20% and 40%
trial groups were significantly higher than that of the control
group (p < 0.05), although significant differences were not
observed between the control group and the 60% trial group in
DHA content (p > 0.05). The muscle PUFA content of all trial
groups was significantly higher than that of the control group
(» < 0.05), and the maximal muscle PUFA content was
observed in the 40% trial group (Table 4).
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Table 4. Fatty acid composition (% of total lipid) of L. vannameimuscle tissue (dry-basis matter).

Fatty acids 0% 10% 20% 40% 60%

14:0* 0.16+0.01° 0.23 +0.01° 0.21 £0.02° 0.17 +0.01° 0.18 +£0.01°
15:0 0.16 +0.01> 0.18 £0.01® 0.16 +0.01% 0.15+0.01° 0.18 +£0.01°
16:0 4.83 +0.04° 5.56 + 0.05 5.19 £ 0.05° 471 £ 0.06° 5.59 +0.03
16:1n-7 0.56 = 0.03" 0.61 +0.02 0.66 = 0.04° 0.61 +0.01% 0.73 +0.02°
17:0 0.51 +0.02° 0.46 +0.01¢ 0.46 +0.01¢ 0.55+0.01° 0.62 +0.01°
18:0 2.51+0.02¢ 2.67 +0.02% 2.75+0.03% 2.59+0.07% 2.81+0.03°
18:17-9 3.26 + 0.06° 3.57 +0.03° 3.40 +0.02° 3.28+0.06° 3.44 +0.03°
18:2n-6 2.29 +0.02° 2.34 + (.04 2.13 +£0.02° 2.14+0.12% 2.19+0.01°
18:3n-3 0.41+0.01° 0.44 + 0.02° 0.60+ 0.02° 0.51+0.02° 0.58 + 0.02°
20:0 0.07 +0.10? 0.06 + 0.01 0.05+0.01° 0.06 + 0.01 NA**
20:4n-6 1.03 +0.03" 1.04 +0.01° 1.05 +0.02° 1.06 +0.02° 1.26 +0.03"
20:5n-3 (EPA) 5.17 +£0.04° 5.29 +0.09% 5.40+0.07® 5.46 + 0.04° 5.24 +0.03°
22:6n-3 (DHA) 5.56+0.03¢ 5.89 £ 0.09™ 6.01 +0.10° 6.34+0.10° 5.74 +0.03%
SFA! 8.25+0.07° 9.17+ 0.05° 8.83+0.10° 8.24 +0.14° 9.39 +0.03°
MUFA? 3.82 +0.06 4.18 +0.05° 4,06 +0.02° 3.89 +0.06° 4,17 +0.02°
PUFA® 14.46+ 0.09° 15.01 £0.21° 15.19+0.17% 15.51 £0.18 15.01+0.10°
DHA+EPA 10.73 + 0.03¢ 11.19+£0.16™ 11.41+£0.12° 11.80 +0.14* 10.98 + 0.06°

e Values within the same line with different superscript letters represent significant difference (P<0.05).
*Significantly different (P < 0.05); ** NA: Not detected.; ' Saturated fatty acids: C14:0, C15:0, C16:0, C17:0, C18:0, C20:0; > Monounsaturated fatty acids:
Cl16:1 n-7, C18:1 n-9; ° Polyunsaturated fatty acids: C18:2 n-6, C18:3 n-3, C20:4 n-6, C20:5 n-3, C22:6 n-3.

3.4. Effect of Dried Schizochytrium on Digestive Enzyme
Activities in the Intestine and Hepatopancreas of L.
Vannamei

The level of dried Schizochytrium in the diet had significant
effects on the specific activities of proteases and lipases in the
hepatopancreas and intestine (Table 5) and decreased the
protease specific activity but increased the lipase activity. In
the hepatopancreas, the protease activity of the control group
was significantly higher than that of the trial groups (p <0.05),

although the lipase activity of the control group was
significantly lower than that of the trial groups (p < 0.05). In
the intestine, the protease activity of the control group was
significantly higher than that of the 60% trial group (p < 0.05),
whereas significant differences in protease activity were not
observed between the control group and the other trial groups.
The lipase activity of the control group was significantly
lower than that of the 20%, 40% and 60% trial groups (p <
0.05).

Table 5. Specific activities of protease and lipase in L. vannamei hepatopancreas and intestine.

Diets

0% 10% 20% 40% 60%
Hepatopancreas (u/mgprot) Protease 196.38+6.74° 125.63+7.55¢ 154.70£12.70° 163.76+7.83° 148.26+8.76"
Lipase 12.48+0.92° 15.62+0.88° 17.74+1.24 19.22+0.87* 18.45+0.82°

Intestine (u/mgprot)
265.23£8.75°
8.97+0.39¢

Protease

Lipase

242.16+9.55®
11.62+1.03%

223.07+11.16°
12.20£1.21°

246.61+12.54™
16.3120.88"

236.57+17.85%
15.07+1.31°

e Values within the same line without same superscript letters represent significant difference (P < 0.05). a>b >c.

3.5. Effect of Dried Schizochytrium on the Biochemical
Composition of the Serum in L. Vannamei

The serum biochemical composition of the shrimp was
significantly affected by the level of dried Schizochytrium in
the diet (p < 0.05) (Table 6). The TP of the control group was
significantly higher than that of the 60% trial group, although
significant differences were not observed in the TP between
the control group and the other trial groups (p > 0.05). Similar
TG levels were observed in the 10% and 60% trial groups (p >
0.05) compared with those in the control group, although

higher TG levels were observed in the 20% and 40% trial
groups (p < 0.05). The inclusion of dried Schizochytrium in
the diet decreased the serum TC of the shrimp. The TC of the
40% and 60% trial groups was significantly lower than that of
the control group (p < 0.05). As the dried algae content of the
diet increased from 0% to 40%, the serum HDL-C/LDL-C
ratio increased significantly from 0.37 to 1.31 (p < 0.05),
which represented an increase of 129.82% from the
HDL-C/LDL-C ratio of the control group.
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Table 6. Analysis of TP, TG, TC, and HDL-C/LDL-C composition of serum.

Diets

0% 10% 20% 40% 60%
TP (g/L) 77.79+1.76° 74.73+2.01% 75.57+0.67% 76.84+1.34% 73.15+1.84°
TG (mmol/L) 0.75+0.03° 0.73+0.04° 0.93+0.05° 0.94+0.05° 0.65+0.06°
TC (mmol/L) 0.67+0.03" 0.59+0.03%® 0.55+0.06" 0.52+0.04™ 0.460.06°
HDL-C/LDL-C 0.57+0.06° 0.76+0.06" 1.19+0.02° 1.31+0.09° 0.76+0.04°

¢ Values within the same line with different superscript letters represent significant difference (P < 0.05). a>b >c.
TC: total cholesterol, TP: total protein, TG: triglyceride, HDL-C: high-density lipoprotein cholesterol, LDL-C: low-density lipoprotein cholesterol.

4. Discussion

4.1. Effect of Dietary Dried Schizochytrium Levels on
Growth Performance of L. Vannamei

Although L. vannamei is an important aquaculture species,
few studies have focused on its lipid requirements [14-16].
Previous studies [17] reported that the growth rate of juvenile
shrimp was improved by the addition of DHA to the diet.
Although the underlying mechanism is not clear, this effect
may be partially related to the increased dietary DHA/EPA
ratio. As the dietary DHA/EPA increased from 0.61 to 2.17,
the SGR increased significantly from 2.03% day ' to 2.26%
day”' in the large yellow croaker Larimichthys crocea [18].
The main sources of DHA in commercial feed are fish meal
and fish oil. However, the yields of fish meal and fish oils are
dwindling, and the future supply will be insufficient to meet
the increasing demands of aquaculture feeds, especially in
prawn farming. Therefore, the sources of essential fatty acids
for shrimp are becoming limited [19]. Consequently, research
into alternative protein sources for feeds is rapidly increasing
[20], and achieving an appropriate balance of fatty acids in
substituted shrimp feed is an important area of current
research. In this study, we increased the DHA content of
shrimp feed by replacing other feed components with various
levels of the alga Schizochytrium and found that the body
weight gain, SGR, and survival rate of postlarval shrimp fed
diets containing 20-40% dried Schizochytrium were
significantly higher than those of the shrimp fed a control diet.
Our results suggest that addition of dried Schizochytrium to
shrimp diet can significantly improve the growth performance
of postlarval shrimp. Adding dried Schizochytrium to feed
could represent an optimal method of increasing the DHA
content of the feed, which is required for the growth of shrimp.
Moreover, as the amount of dried Schizochytrium in the diet
increased from 40% to 60%, the body weight gain, SGR and
survival rate decreased to levels similar to those observed in
the 20% group. The adverse effect of 60% dried algae
substitution might have been related to the lower protein level
in the diet (Table 1). The unbalanced ratio of protein to energy
might lead to decreased growth performance in the shrimp fed
a diet containing 60% dried algae. When the dietary content of
dried algae increased from 20% to 40%, the P/E ratio
remained in the range of 13.72 to 16.71 mg protein/KJ; thus,
dietary supplementation with Schizochytrium allows for a
decrease in the fish meal and protein content of the diet

without adverse effects on the growth performance of L.
vannamei (Table 1). Thus, 20-40% Schizochytrium in the diet
is a suitable dosage under the experimental conditions
employed in this study.

4.2. Effect of the Dried Schizochytrium Level on the
Biochemical and Fatty Acid Composition of the Muscle
Tissue in L. Vannamei

A number of studies of alternatives to fish oil and fish meal,
including plant oils and plant proteins, reported a lack of
significant differences when supplements with high and low
levels of DHA were used, which may be related to the rearing
environment [21]. Our study achieved similar results and
showed that the use of various levels of dried Schizochytrium
in the diet did not affect the crude fat content of the shrimp
muscle. However, the protein and ash content increased
significantly, suggesting that supplementation with dried
Schizochytrium accelerated the deposition of protein, minerals
and trace elements.

HUFAs are essential fatty acids for crustacean species. The
fatty acid composition of feed is not only important for the
growth of shrimp but may also influence the composition of
fatty acids in shrimp muscle. Because shrimp represents a
food source of HUF As for humans, especially DHA and EPA,
it would be better to retain high levels of n-3 HUFA in farmed
shrimp. Researchers have reported that the DHA content of
shrimp tail muscle tissue was proportional to the dietary DHA
level [22, 23]. Gonzalez-Félix et al. [22] evaluated the effects
of feeding various phospholipid levels and oil types on the
fatty acid composition of L. vannamei muscle and found that
the arachidonic acid (ARA), EPA, and DHA contents of the
muscle were highly positively correlated with the HUFA
content of the feed (p < 0.05). Forster ef al. [24] replaced fish
meal with various levels of soybean meal and compared the
effects of feeding fish oil and linoleic acid-enhanced soybean
oil on the deposition of fatty acids in the muscle of Pacific
white shrimp (L. vannamei), and they found that in the
low-fish-meal groups (19% and 0%), the n-3 HUFA content of
the whole body and muscle decreased significantly when fish
oil was replaced with enhanced soybean oil (p < 0.05),
whereas an obvious change in the total fat content of the
muscle was not observed (p > 0.05). Consistent with the
results of previous studies [22, 24], we found that as the dried
Schizochytrium dosage increased, the crude fat content of the
muscle did not undergo any major changes; however, the
HUFA content of the muscle gradually increased and peaked
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in the 40% group, indicating that the relative accumulation of
HUF As in muscle fatty acids is not correlated with the total fat
deposition but is related to the HUFA content of the feed.
Therefore, as an alternative source of n-3 HUFAs, dried
Schizochytrium can be used to increase the accumulation of
HUFAs, especially DHA, in shrimp.

4.3. Effect of the Dried Schizochytrium Level on Digestive
Enzyme Activities and Biochemical Composition of
Serum in L. Vannamei

The intestine and hepatopancreas are the main sites of
digestion and absorption of nutrients [25]. Increasing the dried
Schizochytrium content of the diet was accompanied by
increased lipase activity in the intestine; as a result, the fats in
the feed were completely digested. However, the protease
activity showed opposite results, which may partially explain
the lower energy protein decomposition and the increase of
protein content in the muscle.

Fat can be divided into cholesterols, triglycerides,
phospholipids, and free fatty acids. Hemolymph is central to
fat absorption and transportation. Triglycerides and free fatty
acids are energy sources that are transported by hemolymph
between adipose tissue and the liver. Long-chain fatty acids
are mainly transported in the hemolymph in the form of
triglycerides. DHA promotes fat catabolism and facilitates the
transport of triglycerides from the liver to the tissues, wherein
they are metabolized to produce energy. Gonzalez [22] found
that in juvenile L. vannamei fed equal amounts of
phospholipids, increasing the dosage of DHA can elevate the
serum triglyceride content. Similarly, we observed that the
total serum triglyceride level increased significantly as the
dietary content of dried Schizochytrium increased (p < 0.05),
indicating an increase in the amount of long-chain fatty acids
in the serum. As an important functional substance in the body,
cholesterol is an essential lipid for the growth and
development of shrimp, and it is mainly transported by
lipoproteins in the hemolymph. High-density lipoprotein
(HDL) and low-density lipoprotein (LDL) have opposite
physiological functions in cholesterol transport, with HDL
transporting hemolymph cholesterol into the liver and LDL
performing the reverse action. An elevation or reduction in the
HDL/LDL ratio indicates whether blood cholesterol is
entering the liver to participate in metabolic activity or being
transported from the liver to be deposited in tissues [26, 27]. In
the present study, the total cholesterol level decreased slightly
but not significantly as the dietary content of dried algae
increased, whereas the HDL/LDL ratio initially increased and
then decreased. These results suggest that including an
appropriate amount of dried Schizochytrium in the diet can
promote blood cholesterol transport to the liver and thereby
prevent the accumulation of cholesterol in the blood vessels,
improve the efficiency of cholesterol utilization, and maintain
homeostasis of cholesterol within the hemolymph.

5. Conclusions

The addition of dried Schizochytrium to shrimp feed not

only improved the growth performance of postlarval shrimp
but also enhanced the accumulation of HUFAs in shrimp
muscle. Dried Schizochytrium can be considered a highly
nutritive product for use in fortifying commercial compound
larval feed for the hatchery and nursery phases of shrimp
production. The suggested replacement percentage of
commercial compound larvae feed by dried Schizochytrium
ranges from 20 to 40%. The best replacement percentage of
dried Schizochytrium would be 40%. The use of such a
supplement can increase the amount of HUFAs and reduce the
level of protein required for the production of high-quality
feed.
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