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A B S T R A C T

In order to compare the effect of substituting fish meal with fermented soybean meal and soybean meal, and
confirmed whether the benefit from the two feed materials was related to the content of inclusive soybean
antigen protein, two experiments were designed. In experiment 1, one of the two practical diets contained 24.9%
soybean meal (SBM), the other one containing 8% fermented soybean meal and 16.95% soybean meal (FSBM);
in experiment 2, two semi-purified diets were included with high antigen protein (SPD1) and low antigen protein
(SPD2) approximately equal to SBM and FSBM group respectively in experiment 1. Diets were fed to Litopenaeus
vannamei (initial weight: 7.48 ± 0.24 g) for 60 days. The results showed that in experiment 1, growth perfor-
mance was not significantly different between two groups, the enzyme activity (AKP, AST, ALT, SOD and LZM)
and mRNA expression levels of TLR, LZM, IMD and HSP70 were significantly higher in the SBM group; In
experiment 2, weight gain and specific growth rate were significantly higher in the SPD2 group, while higher
activities of AKP, ALT and LZM, lower expression levels of TLRmRNA, LZMmRNA and IMDmRNA and higher
expression level of HSP70mRNA were found in SPD1 group. These results implied SBM was more likely to induce
stress reaction in shrimp than FSBM, which were closely related to the antigen protein in SBM.

1. Introduction

Litopenaeus vannamei, one of the three major aquaculture species of
shrimp in the world, demands high level of protein in commercial
formulated feed. With shortage of fish meal in the world, we should
seek for suitable protein source alternatives. Soybean meal (SBM) has
been widely used plant ingredient in aqua-feed as fish meal replace-
ment [1,2], but the negative situation of the replacement of fish meal in
aquatic animal has been reported. Some scholars found it had adverse
effects on the growth and immunity of aquatic animals [3,4]. Antigenic
proteins, such as glycinin and β-conglycinin in soybean meal may ac-
count for this. Most antigen proteins can cause anaphylaxis in humans
and animals. Numerous studies showed that soy protein antigens can
cause allergic reactions early in weaned piglets and calf [5–8]. Negative
influence from glycinin and β-conglycinin could be explained by

breaking the intestinal tissue structure resulting in disorder of digestion
and absorption, stalled growth and allergic reactions with a variety of
non-specific and specific immune responses in fish body [9]. Never-
theless glycinin and β-conglycinin had different performance for dif-
ferent aquatic animal species, with worst impact on growth and in-
testinal tissue in grass carp, followed by Clarias fuscus and less impact
on the carp [10].

Recent studies found that fermentation can significantly reduce the
contents of antigenic factors (trypsin inhibitors, soybean agglutinin,
phytic acid, antigen protein, etc) in soybean meal [11]. In soybean,
glycinin and β-conglycinin had the strongest immunogenicity of anti-
genic proteins, and their content was about 65%–80% in soybean
protein [12]. Investigation exposed that compared with soybean meal,
globulin and β-conglycinin content in fermented soybean meal (FSBM)
was reduced averagely by 57.7% and 63.2% respectively [13]. In recent
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years, fermented soybean meal has been increasingly applied to aqua-
feed. Zhou et al. reported that FSBM could improve the digestibility of
dry matter and protein on Penaeus than commercial SBM [14], and
some researches also indicated that appropriate inclusion of fermented
soybean meal in diets did not affect growth performance of macro-
brachium nipponense [1,15].

In our previous study, graded replacement of fish meal with fer-
mented soybean meal was carried out, results showed that 42% crude
protein with 24% of fish meal and 8% of fermented soybean meal re-
placing isonitrogenous fish meal did not affect the growth and phy-
siology of L. vannamei immunity. But if fish meal is substituted with
SBM, what the results will be, and whether there is different alternative
effect between FSBM and SBM, is it actually associated with the content
of soybean antigen protein in SBM? Hence, the aim of this study was to
evaluate the growth performance, immune related enzymes and gene
expression of the L. vannamei fed with or without FSBM inclusive
practical diets, or different level of diets containing antigenic protein
(soybean globulin and β soybean globulin) as single anti-nutrition
factor, explore the possible reason for different effect from the two
plant protein sources (FSBM and SBM), as to know the significance of
modified soybean meal in the formulated shrimp diet.

2. Materials and methods

2.1. Experimental diets

Experiment1: In order to compared the effect of fermented soybean
meal and soybean meal on L. vannamei, two isonitrogenous (approxi-
mately 42% crude protein) and isocaloric value (17MJ kg−1) diets
were formulated, which contained different levels of fermented soy-
bean meal (FSBM) and soybean meal (SBM), flour and fish oil were used
as the carbohydrate and lipid sources, respectively. Fermented soybean
meal was provided by Shanghai Yuanyao Co. Ltd. The basic nutrition
was as follows: crude ash<7%; crude fiber< 7.5%; crude protein
49%. Experiment 2: In order to explore whether the alternative effect of
fermented soybean meal and soybean meal on L. vannamei was related
to soybean antigenic protein (soybean globulin and soybean β-glo-
bulin), we prepared two semi-purified diets (SPD1 and SPD2) in which
soybean antigenic protein was the only anti-nutritional factor. Casein,
gelatin and fish oil were used as the main protein and lipid sources,
respectively. Because of the high cost of the purified antigen protein
with advanced extraction technology, the soybean antigen in semi-
purified diets was obtained from the isolated soybean protein, and the
main antigen protein was determined by the enzyme linked im-
munoassay. There was approximately 180mg g−1 globulin and
140mg g−1 β-globulin in soybean meal, while about 10mg g−1 glo-
bulin and 3mg g−1 β-globulin in fermented soybean meal with other
possibly contained anti-nutritional factors. In the isolated soy protein,
globulin (179.74 mg g−1) and β-globulin (138.18 mg g−1) was the sole
type of anti-nutrient without other anti-nutritional factors. Total anti-
genic protein content in SPD1 was approximate with SBM group of the
experiment1, in SPD2 approximate with FSBM group of the experi-
ment1 (Table 1). Determination of feed crude protein was conducted by
Kjeldahl method, crude fat by Soxhlet extraction.

2.2. Feeding management

All ingredients of four diets were sieved through an 80 μm mesh
after grinding. All dry ingredients were homogenized and mixed thor-
oughly with fish oil and distilled water using progressive enlargement
method. The mincer was used to create spaghetti-like strings (1.2 mm in
diameter), then the diets were dried at 50 °C, broken up and sieved into
proper pellet size. Prior to feeding, experimental diets were stored at
−20 °C.

Experimental shrimps from local farms were sent to storage tanks
with freshwater at Shanghai Ocean University for two-week

acclimatization (Shrimp before the purchase has been completed low
salinity acclimation). During the acclimatization, shrimps were fed 4
times a day to apparent satiation with basal feed (30%FM). Then total
of 960 healthy shrimp (initial average weight 7.48 ± 0.24 g) post 24 h
starvation were selected for 60-day feeding trial in 4 indoors cement
tanks with 4 net cages (1.90m*1.25m*1.00m) per tank (4 groups and
replicates, 60 shrimp per cage). The diets were randomly assigned to
four groups of shrimp with the feed ratio 8% of their body weight to
apparent satiation, 4 times per day at 5:30, 10:00, 16:00 and 21:30, and
60–70% of total feeding was in the morning and evening. Feeding rate
was adjusted according to the growth on weekly basis. During the test
period, water temperature was about 24.0–30.7 °C, NH4

+-
N<0.3 mg L −1, pH=8.0 ± 0.2, DO > 6.5 mg L−1. The water with
0.15–0.18‰ salinity originated from nearby river by gauze filtration,
1/3 of the water was replaced every 2 days.

2.3. Sample collection and analysis

At the end of the feeding trial, shrimp were starved for 24 h, final

Table 1
Formulation and proximate composition of the experimental diets.

Experiment1 SBM FSBM Experiment2 SPD1 SPD2

Ingredients (%) Ingredients (%)
Fish meal 24.20 24.20 Fish meal 8.90 8.90
Fermented soybean

meal
0.00 8.00 Casein 9.88 13.68

Soybean meal 24.90 16.95 Soybean protein
isolate

24.27 19.81

Meat bone meal 2.99 2.99 Gelatin 2.47 3.42
Peanut meal 13.59 12.96 α-starch 26.49 28.31
Flour 19.02 19.62 Phagostimulant 0.40 0.40
Squid visceral

ointment
3.98 3.99 Squid visceral

ointment
4.00 4.00

Brewers yeast 4.98 4.99 Brewers yeast 4.99 4.99
Lecithin powder 2.19 2.19 Lecithin powder 2.00 2.00
Fish oil 2.19 2.19 Fish oil 5.89 5.89
Vitamin premixa 0.80 0.80 Vitamin premixa 0.80 0.80
Mineral premixb 0.70 0.70 Mineral premixb 0.70 0.70
Monocalcium

phosphate
0.30 0.30 Monocalcium

phosphate
0.30 0.30

Crystalline lysine 0.09 0.07 Carboxymethyl
cellulose

5.26 5.26

Crystalline
methionine

0.05 0.04 Microcrystalline
cellulose

2.95 3.79

Crystalline threonine 0.02 0.01 Crystalline lysine 0.03 0.00

Proximate
composition (%)c

Crystalline methionine 0.04 0.00

CP(crude protein) 42.08 42.09 Crystalline arginine 0.61 0.70
EE(ether extract) 6.81 6.77 Crystalline threonine 0.02 0.01

Globulin 4.48 3.13 Proximate
composition (%)c

β-conglycinin 3.24 2.23 CP(crude protein) 42.09 42.09
Gross energy (MJ

kg−1)
17.1 17.1 EE(ether extract) 6.77 6.77

Globulin 4.28 3.03
β-conglycinin 3.29 2.33
Gross energy (MJ
kg−1)

17.1 17.1

a Contained the following per kg of vitamin premix: VA 8000000 IU, VD
2000000 IU, VE 50 g, VK 10 g, VB1 5 g, VB2 15 g, VB6 8 g, VB12 0.02 g, nico-
tinamide 40 g, calcium D-pantothenate 25 g, folic acid 2.5 g, biotin 0.08 g, in-
ositol 100 g.

b Contained the following per kg of mineral premix: Ca 10.5 g, K 90 g, Mg
12 g, Fe 1.0 g, Cu3.0 g, Zn 10 g, M n 3.8 g, Co 0.8 g, Se 20mg.

c Determination of feed crude protein was conducted by Kjeldahl method,
crude fat by Soxhlet extraction, antigen protein by the enzyme linked im-
munoassay, and gross energy was calculated based on contents of crude protein,
crude fat and carbohydrate.
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weight, weight gain, specific growth rates and survival rate were cal-
culated. After the final weight was noted, 10 shrimps from each cage
were randomly sampled; hemolymph and hepatopancreas were col-
lected and stored in a refrigerator at −20 °C for evaluation of the en-
zyme activity determined by commercial kit (Nanjing Jiancheng
Institute). In addition, gills and hepatopancreas of 3 shrimps from each
cage were collected into the liquid nitrogen container and stored
−80 °C. The gill tissue was used to determine mRNA expression of toll-
like receptors (TLR), immune deficiency (IMD), lysozyme (LZM) while
the hepatopancreas was used to determine mRNA expression of heat
shock protein70 (HSP70). Total RNA of gills and hepatopancreas were
extracted using Trizol reagent kit (TaKaRa) following the manufac-
turer's instruction. The gene primers were designed based on bio-
technology information of US National Center reported on the Web site
for L. vannamei TLR gene (GenBank: DQ923424.1), LZM gene
(GenBank: AYl70126.2), HSP70 gene (GenBank: AY645906.1) and IMD
gene (GenBank: FJ592176.1), and β-actin Primer was designed as a
reference (Table 2). All primers were synthesized by Shanghai Ding
Jing biotechnology Co. Ltd. Fluorescence quantitative PCR methods
was used for detection, the first strand cDNA synthesis in RT was per-
formed using Pri-meScript™ RT-PCR Kit (TaKaRa, Japan), and Real-
time PCR by SYBR Green I chimeric fluorescent response. The ampli-
fications were performed in a 96-well plate in a reaction volume of 20 μl
containing 10 μl of Goldstar PCR Master Mix (2×), 1.2 μl (each) of the
forward and reverse primers, 2 μl of template (1 μg cDNA), 0.4 μl ROX,
and 6.4 μl of H2O. Amplification was performed using the following
protocol: 95 °C for 15min followed by 40 cycles of 95 °C for10 s, 55 °C
for 32 s, 72 °C for 32 s. A melting curve detection at 95 °C was per-
formed to confirm a single PCR product amplified. Each sample was
amplified in triplicate and each replicate well set a reference gene β-
actin. The relative mRNA expression level of genes was normalized to β-
actin by 2-△△Ct method [16], and then those of the group FSBM and
SPD2 were set to 1, regarded as the control in experiment 1 and ex-
periment 2 respectively.

2.4. Statistical analysis

The equations used are shown below:

Weight gain (WG, %) = 100*(final body weight - initial body weight) /
initial body weight

Survival rate (SR, %) = (final shrimp number / initial shrimp
number)*100

Special growth rate (SGR, %/d) = 100*[ln (mean final weight) – ln
(mean initial weight)] / 60 days

All data were expressed with mean ± standard deviation, and dif-
ferences in mean values were analyzed with independent samples t-
experiment, Levene experiment of variance in spss software (Ver17.0).
Differences with a P < 0.05 were considered statistically significant.

3. Result

3.1. Growth performance

Results of growth performance of white shrimp fed different diets
for 60 days are presented in Table 3. There was no significant difference
in the survival rate, weight gain and specific growth rates between
FSBM-diet and SBM-diet group (P > 0.05). However, the SPD2-diet
were significantly higher than SPD1-diet group in terms of weight gain
and specific growth rate (P < 0.05). From the point of corresponding
antigen protein content in the two experiments, the rate of weight gain
and specific growth rate did not show the same trend with exception of
the survival rate.

3.2. Immune health and antioxidant index

In experiment1, the health indexes about alanine aminotransferase
(ALT), aspartate aminotransferase (AST) activity in haemolymph of
SBM-diet group was significantly higher than FSBM-diet group
(P < 0.05); while in experiment 2, significantly higher ALT activity in
SPD1-diet groups than SPD2-diet(P < 0.05), and almost the same
value of AST activity in the two groups (Table 4).

LZM and alkline phosphatase (AKP) activity in SBM-diet group and
SPD1-diet group was significantly higher than FSBM-diet group and
SPD2-diet group (P < 0.05). In experiment 1, T-SOD activities in SBM-
diet group were higher than FSBM-diet group, but in experiment 2, the
T-SOD activities in SPD2-diet group was significantly higher than SPD1-
diet group, and there was no significant difference in the mal-
ondialdehyde (MDA) content (Table 4).

3.3. Gene expression

The relative expression levels of immune related genes are shown in
Fig. 1. In experiment 1, the relative genes expression levels of TLR,
LZM, IMD in gill and HSP70 in hepatopancreas were significantly
higher in SBM-diet group than FSBM-diet group. In experiment 2, there
was reverse trend that TLR, LZM and IMD gene expression were higher
in SPD2-diet group than SPD1-diet group in terms of same level of
antigen protein as experiment 1, although the mRNA expression of TLR,

Table 2
Primers used in this study.

Name Sequence

β-actin-F CTG TTC CAG CCC TCA TTC C
β-actin -R TGT CCA CGT CGC ACT TCAT
LZM mRNA-F GTT CCG ATC TGA TGT CCG
LZM mRNA -R TGC TGT TGT AAG CCA CCC
HSP70-F GAG ACC GCT GAG GCT TAC
HSP70-R GCA CAT TCA GAC CCG AGA T
TLRmRNA-F TGC CAA GCA GTG ATG TGA
TLRmRNA -R GCG GGA AGG AAG TGA TGT
IMDmRNA-F GCG GCT CTG CGG TTC ACA T
IMDmRNA -R CTC GAC CTT GTC TCG TTC CTC

Table 3
Growth performance of shrimp fed different diets for 60 days.

Experiment1 Experiment2

SBM FSBM SPD1 SPD2

Initial weight (g fish −1) 7.55 ± 0.32a 7.30 ± 0.4a 7.55 ± 0.13a 7.53 ± 0.04a

Final weight (g fish −1) 21.79 ± 1.48a 19.98 ± 0.94a 17.63 ± 0.41a 18.67 ± 0.35a

Survival rate (%) 89.46 ± 2.53a 92.78 ± 4.81a 87.79 ± 8.39a 89.46 ± 2.53a

weight gain (%) 188.50 ± 7.69a 174.63 ± 24.0a 133.67 ± 9.25a 148.00 ± 4.11b

specific growth rates (%/d) 1.77 ± 0.0a 1.68 ± 0.1a 1.41 ± 0.07a 1.51 ± 0.03b

Data were expressed as mean ± SD (n=4). T-test was conducted in the same experimental group. Values with different superscripts in the same column were
significantly different (P < 0.05).
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LZM in gill was no significant differences between SPD1 and SPD2;
HSP70mRNA in hepatopancreas was significantly higher in SPD1 with
higher level antigen protein than SPD2 with lower level antigen pro-
tein.

4. Discussion

Previous studies indicated that it was possible to partially replace
fish meal with soybean meal without affecting growth performance of
shrimp and fish [1,4,17]. As fish meal alternative, fermentation soy-
bean meal has better performance than soybean meal on the growth
performance of aquatic animals, because of the improved nutritional
quality and reduced anti-nutritional factors (soy antigens, antivitamins,
phytic acid, phytoestrogens, saponins, and lectins) [15,17]. Lin and Luo
[18]evaluated the effects of replacing fish meal with different levels of
soybean meal in practical diet for tilapia, the results showed that the
growth was affected by dietary SBM level, while the growth rates had
no difference between the FM and 25% FSBM group. These studies
confirmed fermented soybean meal have better results in growth per-
formance compared to soybean meal on aquatic animals. But in our

present study, the results were beyond our expectation that there were
no significant difference in survival, weight gain and specific growth
rate of L. vannamei between FSBM and SBM. However, Wang et al. [15]
found that replacing fish meal with 45% SBM, 60% SBM, and 60%
FSBM could significantly reduce growth performance and feed utiliza-
tion in juvenile turbot fed diets. This also showed that replacing fish
meal with soybean meal and fermented soybean meal appropriately
will not affect growth performance of aquatic animals, but growth
performance would be affected when there was a high level alternative.
Some scholar deemed the better performance of FSBM in aqua-feed was
associated with anti-nutritional factor reduction [19]. Experiment 2
was conducted in order to verify the influence of antigen protein in
soybean meal on L. vannamei. The result indicated that there was no
significant difference in survival for higher antigen protein diet (SPD1)
and lower antigen protein diet (SPD2), but the SPD1 group exhibited
poorer weight gain than SPD2 group. Although the experiment 2 had
the same antigen protein content as experiment 1, weight gain and
specific growth rate didn't show the similar trend between the two
experiments with exception of the survival rate. Practical diets group,
compared with semi-purified diets group, contained much higher level

Table 4
Health, immune and antioxidant index of shrimp with different diets for 60-day feeding.

Experiment1 Experiment2

SBM FSBM SPD1 SPD2

AST (in haemolymph) (U/L) 20.97 ± 1.32b 10.38 ± 0.20a 13.59 ± 0.11a 13.28 ± 1.06a

ALT (in haemolymph) (U/L) 49.87 ± 2.42b 36.04 ± 2.29a 52.44 ± 2.00b 36.42 ± 2.35a

ALP (in haemolymph) (U/L) 38.55 ± 1.66b 24.21 ± 0.92a 31.21 ± 0.83b 26.45 ± 1.18a

LZM (in hepatopancreas) (U/mg prot) 108.60 ± 0.83b 70.64 ± 3.28a 115.41 ± 2.96b 104.15 ± 2.90a

T-SOD (in hepatopancreas) (U/mg prot) 105.33 ± 3.11b 59.29 ± 0.15a 94.25 ± 2.59a 155.09 ± 9.12b

MDA (in hepatopancreas) (nmol/mg prot) 5.85 ± 0.47a 5.84 ± 0.04a 4.99 ± 0.25a 5.44 ± 0.09a

Data were expressed as mean ± SD (n=4). T-test was conducted in the same experimental group. Values with different superscripts in the same column were
significantly different (P < 0.05).

Fig. 1. The transcription expression profile of TLR, LZM, IMD in gill, and HSP70 in hepatopancreas of Litopenaeus vannamei with different diets measured by real-time
quantitative PCR.
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of fish meal content, functional nutrients in more fish meal may be
comparative for the growth compared to the harmful effects of antigen
protein. Moreover, interaction among anti-nutritional factors may
weaken negative effect of antigen protein, and increase the tolerance of
L. vannamei to soybean antigen protein. When casein and isolated
soybean protein were served as the main sources of protein and antigen
protein respectively in semi-purified diet groups, very little fish meal
inclusion could not balance antigrowth function of antigen protein, so
different contents of antigen protein caused different growth perfor-
mance for L. vannamei. Above facts showed that high level of soybean
antigen protein was one factor resulting in reduced growth rate in L.
vannamei. Similar findings were observed on juvenile Jian carp and
Pacific white shrimp respectively [3,20].

It has been widely accepted that crustacean immune system differs
from vertebrates, and shrimp which has no special immunity, mainly
depends on phagocytosis of immunocytes, hydrolytic enzymes, oxidant
enzymes and oxygen reactive species to kill phagocyted organisms [21].
As other animals, ALT and AST in crustaceans are important enzymes in
the metabolism of amino acids, and often used to characterize the se-
verity of liver injury. Cheng et al. found that when the cell membrane
was damaged, the important metabolic enzymes, such as AST and ALT
were released from the cells the activity of AST and ALT in serum were
increasing [22]. Zhang et al. also found the activities of AST and ALT in
medium were enhanced when the β-conglycinin content increased [3].
In the present study, AST and ALT activity in hemolymph of shrimp in
SBM-diet group and SPD1 group were significantly higher than FSBM-
diet and SPD2 group. We may think that soybean meal is more likely to
cause hepatopancreas damage of shrimp than fermented soybean meal.
In addition, the results of experiment 2 also showed that the high
soybean antigen protein content of the diet had high risk for hepato-
pancreas health. Generally, it is more difficult to promptly evaluate
immunity at different body physiological status when external en-
vironment changes. To further confirm the effects of soybean meal and
soybean antigen protein on the health of the L. vannamei, we also
analyzed the molecular level which was less affected by environment
changes. HSP70 gene is a kind of protein which is very sensitive to
environmental stimulation, hepatopancreas as the main tissue of prawn
responding to environmental stress and pathogen stimulation, showed
significantly higher expression of HSP70 gene than other tissues when
exposed to environmental stimulation. Wu et al. successfully amplified
the HSP70 gene of L. vannamei [23], In this study, it was found that the
relative expression of HSP70 gene in the soybean meal group in ex-
periment 1 was significantly higher than that in the fermented soybean
meal group, and the same trend also appeared in experiment 2. The
high antigen protein group was significantly higher than the low an-
tigen protein group. It is indicated that high antigen protein can cause
the stress stimulation of shrimp hepatopancreas. Taking the results of
AST and ALT together, it could explain that fermented soybean meal
was more beneficial to the health of shrimp hepatopancreas than soy-
bean meal, which was closely related to the content of antigen protein.

LZM is one of the most important non-specific immune factors in
organisms. It does not only catalyze the body tissue to hydrolyze bac-
terial cell walls as a result of dissolution, but also induce and regulate
the synthesis and secretion of other immune factors [24,25], and ALP is
an important part of lysosomal enzymes of crustaceans [26]. They are
both important immune indices of shrimp. In this study, the two im-
mune indexes were higher in soybean meal group and high antigen
protein group than fermentation soybean meal group and low antigen
protein group. The high activities of lysozyme and alkaline phosphatase
usually indicates the high immunity in aquatic animals, so the present
result seems to show that soybean meal easy boosts the immunity of
shrimp compared to fermented soybean meal. However soybean meal
and high antigen protein can cause hepatopancreas damage in shrimp,
which can make shrimp more susceptible to be infected by bacteria.
Consequently the shrimp tries to keep the organism healthy via re-
leasing more immune-related enzymes. Previous research showed that

LZM transcription in head kidney, spleen and ovaries were significantly
improved by Edward's infection [27]. The vast majority of Toll-like
receptors (TLR) on the cell membrane were a kind of the most im-
portant pathogen associated molecular model (Pathogen-associated
molecular pattern, PAMP) recognition receptors. TLR pathway me-
chanisms play an important role in immunity primarily through against
gram positive bacteria and fungi [28–31]. In recent years, more at-
tention has been given to TLR genes in crustaceans [32,33]. IMD
pathway firstly found in drosophila, was one of the important pathways
of natural immunity, and participated in the regulation of body immune
against the virus [34]. Same as drosophila, IMD of the blood cells in L.
vannamei executed vital immune function. Wang et al. reported that
immune deficiency homolog (LvIMD) transcription levels were upre-
gulated by WSSV [35]. It has been found that the above immune genes
are expressed in all tissues of prawn, there were no tissue specificity. So
we chose the gill as sample tissue, which is directly in contact with the
environmental water. In this study, SBM-diet group's LZMmRNA ex-
pression levels was significantly higher than FSBM-diet one, which in-
dicated that the soybean meal would alter organisms' susceptibility to
pathogeny both in transcription level and protein level with enhanced
LZM activity. Meanwhile, the IMDmRNA and TLRmRNA expression
levels in gill of shrimp were significantly higher in SBM-diet group than
FSBM. However, in experiment 2, we found that the gene expression of
TLR, IMD, and LZM in SPD1 (high antigen protein group) were lower
than that of SPD2 (low antigen protein group). The contradiction be-
tween two experiments inferred that antigen protein was an important
factor for transcription expression regulation of immune related genes
in shrimps, and further work should be needed for exploring complex
dose-effect responsible for down-regulation or up-regulation of genes
expression.

As an important antioxidant enzyme in the free radical scavenging
system, SOD plays a vital role in scavenging the superoxide anion in
body [36]. In experiment 1 of present study, SOD activities in SBM-diet
group was significant higher than FSBM-diet group, but in higher an-
tigen protein semi-purification diet (SPD1) group in experiment 2, SOD
activity was significant lower than SPD2. Findings from this study are
not in agreement with those reported that FSBM increased SOD activity
and enhanced antioxidative ability of shrimp L. vannamei or Pseudoba-
grus fulvidraco [2,37]. But Chen et al. found that shrimp hepatopancreas
SOD activity was decreased with the increase of fermented soybean
meal [38]. Ding et al. reported that there was no significant differences
in SOD activity of Macrobrachium nipponense fed fermented soybean
meal and fish meal [1]. Too much oxygen free radicals not only cause
oxidative stress to the body, but also partly play some bactericidal
function. These different results manifested the body would be capable
to balance the antioxidant and bactericidal function, accordingly, SOD
and LZM, which also has antibacterial properties in the body, would be
adjusted each other according to healthy need to keep dynamic change
at different physiological status. In this study, there was no significant
difference in the content of malondialdehyde (MDA) in each group,
which showed that SOD played a role in protecting the body from
oxidative stress. We also inferred that in practical SBM diets, higher
level of SOD for long time would lessen protein deposition and conse-
quently result in reduced growth. Even so, further study would be
needed to affirm whether to have a dose dependent impact on shrimp
antioxidant capacity with soybean antigenic proteins.

In conclusion, our results obtained in the condition of present ex-
periments indicated that SBM and FSBM had no significant different
effect on growth performance of L. vannamei when dietary fishmeal
inclusion was 24.2%. In later studies, we can increase the substitution
level to compare the differences between the two plant protein sources.
In addition, it was found that fermented soybean meal was more ben-
eficial to the health of L. vannamei under the given equal dietary protein
level. Soybean meal compared with fermented soybean meal could
significantly increase the expression of partial immune gene of L. van-
namei, and HSP70 gene, indicating that the fermented soybean meal
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could significantly reduce the stress reaction within the body of the
shrimp, and the antigen protein in soybean meal (Globulin and β glo-
bulin) was the main factor leading to this difference, so it is necessary to
reduce the antigen protein in the utilization of plant protein feed in the
future.
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