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Abstract
This study aimed to investigate the effects of dietary cholesterol and taurine
supplementation in fish meal-replaced soybean meal diets on growth perfor-
mance, hepatopancreatic and serum cholesterol content, and body composition
of Litopenaeus vannamei. Six iso-nitrogenous and iso-energetic experimental
diets were formulated: one high-fish meal diet containing 30% fish meal (FM
group), and five low-fish meal, high-soybean meal diets containing 12% fish
meal (SBM1-5 groups). The SBM1 group contained no added cholesterol or tau-
rine, SBM2 and SBM3 groups were supplemented with 0.3% and 0.6% choles-
terol, respectively, SBM4 group was supplemented with 0.3% cholesterol and
0.2% taurine, and SBM5 group was supplemented with 0.6% cholesterol and
0.2% taurine. A total of 540 juvenile L. vannamei with initial body weight of
(0.35±0.01) g were randomly divided into 6 groups with 3 replicates per group
and 30 shrimp per replicate, and subjected to an 8-week growth trial. The re-
sults showed that the weight gain rate (WGR), specific growth rate (SGR), and
survival rate (SR) of shrimp in FM, SBM3, SBM4, and SBM5 groups were signif-
icantly higher than those in SBM1 group (P<0.05), while feed conversion ratio
(FCR) was significantly lower (P<0.05). Among these, FM group exhibited the
highest WGR, SGR, and SR, and the lowest FCR, but showed no significant
differences compared with SBM3, SBM4, and SBM5 groups (P>0.05). The

chinarxiv.org/items/chinaxiv-201711.00747 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.00747
https://chinarxiv.org/items/chinaxiv-201711.00747


serum and hepatopancreatic total cholesterol (TC) contents in SBM3, SBM4,
and SBM5 groups were significantly higher than those in SBM1 group (P<0.05),
but showed no significant differences from FM group (P>0.05). Additionally,
the serum low-density lipoprotein cholesterol (LDL-C) content in SBM1 group
was significantly lower than that in FM, SBM2, SBM3, SBM4, and SBM5 groups
(P<0.05), and serum high-density lipoprotein cholesterol (HDL-C) content was
significantly lower than that in SBM3 and SBM5 groups (P<0.05). No signifi-
cant differences were observed in whole-body moisture and crude ash contents
among all groups (P>0.05). The whole-body crude protein and crude lipid con-
tents in SBM1 group were significantly lower than those in FM, SBM3, and
SBM5 groups (P<0.05), but showed no significant differences compared with
SBM2 and SBM4 groups (P>0.05). Based on the results of this experiment,
supplementation with 0.6% cholesterol or combined supplementation with 0.3%
cholesterol and 0.2% taurine in low-fish meal, high-soybean meal diets could
effectively improve the growth performance and feed efficiency of L. vannamei.

Full Text
Replacement of Fish Meal by Soybean Meal to Supple-
ment Cholesterol and Taurine in Diet for Litopenaeus van-
namei: Effects on Growth Performance, Hepatopancreas
and Serum Cholesterol Content and Body Composition
**LUO Yuan, SONG Kai, ZHANG Chunxiao*, WANG Ling, HUANG Fei**

(Key Laboratory of Healthy Mariculture for the East China Sea, Ministry of
Agriculture; Key Laboratory for Feed Quality Testing and Safety Evaluation,
Fisheries College, Jimei University, Xiamen 361021, China)

Abstract: This study investigated the effects of supplementing cholesterol and
taurine in soybean meal-based diets replacing fish meal on growth performance,
hepatopancreas and serum cholesterol content, and body composition of juve-
nile Pacific white shrimp (Litopenaeus vannamei). Six isoenergetic and isoni-
trogenous experimental diets were formulated: one high-fish-meal diet contain-
ing 30% fish meal (FM group) and five low-fish-meal/high-soybean-meal diets
(SBM1–5 groups) containing 12% fish meal. The SBM1 diet contained no sup-
plemental cholesterol or taurine, SBM2 and SBM3 were supplemented with
0.3% and 0.6% cholesterol, respectively, SBM4 contained 0.3% cholesterol plus
0.2% taurine, and SBM5 contained 0.6% cholesterol plus 0.2% taurine. A to-
tal of 540 juvenile shrimp with an initial body weight of (0.35±0.01) g were
randomly allocated into six groups with three replicates each (30 shrimp per
replicate) and fed the experimental diets for eight weeks. The results showed
that shrimp in the FM, SBM3, SBM4, and SBM5 groups exhibited significantly
higher weight gain rate (WGR), specific growth rate (SGR), and survival rate
(SR), and significantly lower feed conversion ratio (FCR) compared to those
in the SBM1 group (P<0.05). Shrimp in the FM group achieved the highest
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WGR, SGR, and SR and the lowest FCR, though these values did not differ
significantly from the SBM3, SBM4, and SBM5 groups (P>0.05). The serum
and hepatopancreas total cholesterol (TC) contents in the SBM3, SBM4, and
SBM5 groups were significantly higher than in the SBM1 group (P<0.05) but
showed no significant difference from the FM group (P>0.05). Additionally,
the serum low-density lipoprotein cholesterol (LDL-C) content in the SBM1
group was significantly lower than in the FM, SBM2, SBM3, SBM4, and SBM5
groups (P<0.05), while serum high-density lipoprotein cholesterol (HDL-C) con-
tent was significantly lower than in the SBM3 and SBM5 groups (P<0.05). No
significant differences were observed among groups in whole-body moisture or
crude ash content (P>0.05). The whole-body crude protein and crude lipid con-
tents in the SBM1 group were significantly lower than those in the FM, SBM3,
and SBM5 groups (P<0.05) but did not differ significantly from the SBM2 and
SBM4 groups (P>0.05). These results indicate that supplementation with 0.6%
cholesterol or combined supplementation with 0.3% cholesterol and 0.2% tau-
rine in low-fish-meal/high-soybean-meal diets can effectively improve the growth
performance and feed efficiency of L. vannamei.

Keywords: soybean meal; cholesterol; taurine; growth performance; Litope-
naeus vannamei

Introduction
Pacific white shrimp (Litopenaeus vannamei), commonly known as South Amer-
ican white shrimp, is one of the three most commercially important cultured
shrimp species worldwide [1]. Fish meal has been widely used as a high-quality
protein source in aquafeeds [2], providing not only protein and essential amino
acids but also other essential nutrients such as essential fatty acids, vitamins,
minerals, cholesterol, taurine, and nucleotides [3-4]. However, with the rapid
development of aquaculture, fish meal consumption has increased continuously
while global fish meal supply remains stagnant, inevitably driving up prices and
keeping feed costs high. Consequently, finding alternative protein sources to
replace fish meal has become crucial for reducing production costs [5]. Previ-
ous studies have demonstrated the feasibility of using plant protein sources to
replace fish meal [6], but it is particularly noteworthy that the insufficient con-
tent of certain essential nutrients—such as cholesterol and taurine—limits the
effectiveness of such replacement.

Cholesterol is an essential nutrient for crustacean growth and serves as a precur-
sor for molting hormone synthesis [7-8]. Although crustacean tissues contain
abundant sterols, these animals lack the ability to synthesize sterols endoge-
nously [9]. Dietary cholesterol supplementation has been reported to maintain
normal growth, development, and survival of crustaceans, while cholesterol de-
ficiency can cause molting death syndrome [10-12]. Fish meal contains higher
cholesterol levels than most plant protein sources, and studies have shown that
supplementing high-plant-protein diets with appropriate cholesterol levels can
improve growth and survival of aquatic animals [4]. Taurine, an amino acid
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derivative originally isolated from bovine bile [13], plays important physiologi-
cal roles in mammals and fish, including cell membrane composition, antioxidant
detoxification, and osmoregulation [14-15]. Although aquatic animals can syn-
thesize some taurine, this amount cannot meet their growth requirements, and
most plant proteins are deficient in taurine [16]. Therefore, the lack of choles-
terol and taurine in plant protein sources may be a key factor limiting their
effectiveness as fish meal replacements.

Currently, few studies have investigated the effects of cholesterol or taurine sup-
plementation in high-plant-protein diets on L. vannamei performance. There-
fore, this study aimed to examine the effects of dietary cholesterol supplementa-
tion alone or in combination with taurine in soybean meal-based diets replacing
fish meal on growth performance, hepatopancreas and serum cholesterol content,
and body composition of L. vannamei, providing a reference for formulating low-
fish-meal diets for this species.

1.1 Experimental Diets

Six isoenergetic and isonitrogenous experimental diets were formulated using
fish meal, soybean meal, and wheat gluten meal as protein sources, and fish oil,
soybean oil, and soybean lecithin as lipid sources. The composition and nutri-
ent levels are shown in Table 1 . Among the six diets, one was a high-fish-meal
diet containing 30% fish meal (FM group), while the other five were low-fish-
meal/high-soybean-meal diets (SBM1–5 groups) in which soybean meal replaced
60% of the fish meal protein. The SBM1 diet contained no supplemental choles-
terol or taurine, SBM2 and SBM3 were supplemented with 0.3% and 0.6%
cholesterol, respectively, SBM4 contained 0.3% cholesterol plus 0.2% taurine,
and SBM5 contained 0.6% cholesterol plus 0.2% taurine. Feed ingredients were
ground and passed through an 80-mesh sieve, then mixed thoroughly accord-
ing to the formulation ratios. Oil and water were added, and the mixture was
processed into 1.0 mm diameter pellets using a twin-screw extruder (CD4×1TS
multifunctional catalytic molding machine, developed by South China Univer-
sity of Technology). The pellets were air-dried and stored at -20 °C until use.

Table 1 Composition and nutrient levels of experimental diets (dry matter
basis) %

Note: The table content is preserved as in the original format.

Footnotes: 1) Mineral premix for FM group provided per kg of diet: Mg-Gly
7.31 g, Mn-Met 0.366 g, Cu-Met 0.138 g. Mineral premix for SBM groups
provided per kg of diet: Mg-Gly 4.85 g, Mn-Met 0.366 g, Cu-Met 0.138 g, Fe-
Met 1.09 g, CaCl� 9.79 g, Ca(H�PO�) 10.78 g, NaCl 5.45 g. 2) Vitamin premix
provided per kg of diet: VA 10 mg, VD 10 mg, VC 1,000 mg, VK 40 mg, VE
500 mg, VB� 60 mg, VB� 70 mg, VB� 80 mg, VB�� 0.4 mg, nicotinic acid 200
mg, calcium pantothenate 200 mg, biotin 2 mg, inositol 500 mg, folic acid 8 mg,
crystalline cellulose 17,229.6 mg. 3) Amino acid mixture provided per kg of diet:
Met 2.81 g, His 0.107 g, Lys 0.110 g, Gly 0.779 g, Ala 1.23 g. 4) Obtained from
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Geneary Biotech Co., Ltd., Shanghai, China (grade: ultra purity). 5) Obtained
from Huikangyuan Biotech Co., Ltd., Beijing, China (purity: 99%).

1.2 Experimental Animals and Husbandry

Juvenile L. vannamei shrimp were purchased from a hatchery in Haicang Dis-
trict, Xiamen City, Fujian Province. The shrimp were acclimated at the Jimei
University aquaculture facility to adapt to the experimental diets and culture
conditions. A total of 540 healthy, uniformly sized juvenile shrimp with an
initial average body weight of (0.35±0.01) g were selected and disinfected with
10 mg/L povidone-iodine for 10 minutes before being randomly stocked into
18 circular experimental tanks (150 L) in a recirculating aquaculture system.
Each tank contained 30 shrimp, with six dietary groups and three replicates per
group. The experiment lasted for eight weeks.

The water source was natural seawater treated with UV disinfection and sand
filtration. Shrimp were fed three times daily at 08:00, 14:00, and 20:00 at 6–
10% of body weight. To minimize nutrient leaching, feed was delivered in 3–
4 portions at each feeding time until apparent satiation. Uneaten feed was
collected to calculate feed intake. After siphoning waste, one-third of the water
volume was exchanged daily. The experiment was conducted under natural light
(12 h light:12 h dark). Water temperature was maintained at 22–24 °C, salinity
at 26–28, ammonia nitrogen below 0.2 mg/L, dissolved oxygen above 6.5 mg/L,
pH at 8.0–8.2, and nitrite below 0.02 mg/L. Feeding, molting, and mortality
were observed and recorded daily.

1.3 Sample Collection

At the end of the feeding trial, shrimp were fasted for 24 hours. The total weight
and number of shrimp in each tank were recorded. Ten shrimp were randomly
selected from each tank, pooled, minced, dried at 70 °C for 6 hours, then at
105 °C to constant weight. The dried samples were ground and stored in sealed
bags at -20 °C for whole-body composition analysis. Additionally, eight shrimp
from each tank were randomly selected, and hemolymph was collected from the
pericardial cavity using a 1 mL sterile syringe. The hemolymph was allowed
to clot at 4 °C for 12 hours, then centrifuged at 3,500 r/min for 10 minutes
at 4 °C [17] to collect serum, which was stored at -80 °C for analysis. The
hepatopancreas was dissected from the sampled shrimp and stored at -80 °C for
biochemical analysis.

1.4 Analytical Methods

Proximate composition analysis: Feed proximate composition was deter-
mined according to AOAC (2005) methods [18]. Moisture content was mea-
sured by oven drying at 105 °C under atmospheric pressure. Crude protein
content was determined by the Kjeldahl method (N×6.25) using an automatic
Kjeldahl analyzer (FOSS Kjeltec 8400, Switzerland). Crude lipid content was
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measured by Soxhlet extraction using ether as the solvent. Crude ash content
was determined by incineration in a muffle furnace at 550 °C.

Total cholesterol measurement: Total cholesterol (TC) content in feed and
hepatopancreas was determined by colorimetric enzymatic methods. Approxi-
mately 500 mg of feed or hepatopancreas sample was extracted with a chloro-
form:methanol mixture (2:1, v/v) at a 1:9 mass-to-volume ratio for 24 hours,
then centrifuged at 4,000×g for 5 minutes. The supernatant (0.5 mL) was
evaporated under high-purity nitrogen, and the residue was redissolved in 1 mL
isopropanol containing 100 g/L Triton X-100 [19]. The samples were analyzed
using a commercial kit (No. A111-1) from Nanjing Jiancheng Bioengineering
Institute.

Taurine measurement: Dietary taurine content was determined according to
the method described in reference [20]. Briefly, 4% sulfosalicylic acid was added
to feed samples, homogenized by ultrasonication, and centrifuged at 15,000
r/min. The supernatant was diluted with 0.002 mol/L HCl, filtered through
a 0.45 �m membrane, and analyzed using a Hitachi L-8900 amino acid analyzer.

Serum biochemical indices: Serum total cholesterol was measured by the
copper reagent method, while high-density lipoprotein cholesterol (HDL-C)
and low-density lipoprotein cholesterol (LDL-C) were measured by direct dual-
reagent methods using kits from Nanjing Jiancheng Bioengineering Institute,
following the manufacturer’s instructions.

1.5 Calculation Formulas

Growth indices were calculated using the following formulas at the end of the
trial:

Weight gain rate (WGR, %) = 100 × (W� –W�)/W�
Specific growth rate (SGR, %/d) = 100 × (lnW� –lnW�)/t
Feed conversion ratio (FCR) = FC/(W� –W�)
Survival rate (SR, %) = 100 × N�/N�

Where: W� = initial average body weight (IBW), g/shrimp; W� = final average
body weight (FBW), g/shrimp; t = feeding duration, days; FC = average total
feed intake per shrimp (dry weight), g; N� = initial number of shrimp; N� =
final number of shrimp.

1.6 Statistical Analysis

Experimental data were initially processed using Excel 2010 and then analyzed
by one-way ANOVA and two-way ANOVA using SPSS 19.0 statistical software.
When significant differences among groups were detected (P < 0.05), multiple
comparisons were performed using Student-Newman-Keuls test. All data are
presented as mean ± standard error (mean ± SE).
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Results
2.1 Effects of Cholesterol and Taurine Supplementation on Growth
Performance

As shown in Table 2 , the WGR, SGR, and SR of shrimp in the SBM1 group
were significantly lower than those in the FM, SBM3, SBM4, and SBM5 groups
(P < 0.05), but showed no significant difference compared to the SBM2 group
(P > 0.05). Conversely, the FCR of shrimp in the SBM1 group was significantly
higher than that in the FM, SBM3, SBM4, and SBM5 groups (P < 0.05), but
did not differ significantly from the SBM2 group (P > 0.05). Supplementation
with 0.3% cholesterol in the soybean meal-based diets did not significantly affect
any growth indices (P > 0.05), whereas supplementation with 0.6% cholesterol
significantly increased WGR, SGR, and SR (P < 0.05) and significantly de-
creased FCR (P < 0.05). Compared to supplementation with 0.3% cholesterol
alone, the combined addition of 0.3% cholesterol and 0.2% taurine significantly
improved WGR, SGR, and SR (P < 0.05). However, compared to supplementa-
tion with 0.6% cholesterol alone, the combined addition of 0.6% cholesterol and
0.2% taurine did not significantly alter any growth indices (P > 0.05). Taurine
supplementation in diets containing 0.3% or 0.6% cholesterol had no significant
effect on any growth parameters (P > 0.05). No significant interaction between
cholesterol and taurine was observed for FCR or SR (P > 0.05), but a significant
interaction was detected for FBW, WGR, and SGR (P < 0.05).

Table 2 Growth performance of Litopenaeus vannamei for each group

Note: The table content is preserved as in the original format. Values in the same
column with different small letter superscripts indicate significant difference (P
< 0.05).

2.2 Effects of Cholesterol and Taurine Supplementation on Hep-
atopancreas and Serum Cholesterol Content

As shown in Table 3 , the serum and hepatopancreas TC contents in the SBM1
group were significantly lower than those in the FM, SBM3, SBM4, and SBM5
groups (P < 0.05), but showed no significant difference from the SBM2 group
(P > 0.05). In the soybean meal-based diets, serum and hepatopancreas TC
contents increased with increasing dietary cholesterol levels. Notably, the SBM3
group (0.6% cholesterol alone) did not differ significantly from the SBM5 group
(0.6% cholesterol + 0.2% taurine) (P > 0.05). Serum LDL-C content in the
SBM1 group was significantly lower than that in the FM, SBM2, SBM3, SBM4,
and SBM5 groups (P < 0.05). Additionally, serum HDL-C content in the SBM1
group was significantly lower than that in the SBM3 and SBM5 groups (P <
0.05), with no significant differences observed among other groups (P > 0.05).

Table 3 Cholesterol content in hepatopancreas and serum of Litopenaeus van-
namei for each group

Note: The table content is preserved as in the original format. Values in the

chinarxiv.org/items/chinaxiv-201711.00747 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.00747


same row with different small letter superscripts indicate significant difference
(P < 0.05). The same applies to Table 4.

2.3 Effects of Cholesterol and Taurine Supplementation on Body
Composition

As shown in Table 4 , neither cholesterol alone nor combined cholesterol and
taurine supplementation significantly affected whole-body moisture or crude ash
content (P > 0.05). However, whole-body crude protein and crude lipid contents
increased with increasing dietary cholesterol levels. The SBM1 group exhibited
significantly lower crude protein and crude lipid contents compared to the FM,
SBM3, and SBM5 groups (P < 0.05), but showed no significant difference from
the SBM2 and SBM4 groups (P > 0.05).

Table 4 Body composition of Litopenaeus vannamei for each group

Note: The table content is preserved as in the original format.

Discussion
Cholesterol is a precursor for the synthesis of sex hormones, adrenal corticos-
teroids, molting hormones, and vitamin D in crustaceans and is essential for
maintaining optimal growth performance and survival [21]. Crustaceans such
as shrimp and crabs lack the ability to synthesize cholesterol endogenously and
therefore must obtain it from dietary sources. Insufficient dietary cholesterol
adversely affects crustacean growth, development, and survival [22]. Compared
with fish meal, most plant protein sources contain very low cholesterol levels [23].
The present study confirmed that high-level replacement of fish meal with plant
protein sources significantly reduced dietary cholesterol content, and this defi-
ciency severely impaired the growth and survival of L. vannamei. Dietary choles-
terol content is directly correlated with crustacean survival rate. D’Abramo et
al. [24] reported that crayfish fed sterol-free diets developed severe molting death
syndrome, while studies on giant river prawn [Macrobrachium rosenbergii] [10],
kuruma shrimp [Penaeus japonicus] [25], and black tiger shrimp [Penaeus mon-
odon] [26] demonstrated that cholesterol-free diets significantly reduced growth
and survival. Paibulkichakul et al. [21] found that dietary supplementation
with 1% cholesterol significantly improved the survival of P. monodon, and
Duerr et al. [27] reported that dietary cholesterol supplementation at various
levels significantly enhanced the survival of L. vannamei. Our results showed
that supplementation with 0.6% cholesterol in soybean meal-based diets signif-
icantly improved WGR, SGR, and SR, indicating that high-level plant protein
replacement requires cholesterol supplementation to maintain normal growth,
development, and survival of L. vannamei.

In this study, supplementation with 0.2% taurine in addition to 0.3% choles-
terol in high-soybean-meal diets significantly improved WGR, SGR, and SR
while reducing FCR. Previous research found that taurine supplementation had
no significant effect on the growth of P. monodon when diets contained fish
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meal, squid meal, and shrimp meal as protein sources [28], whereas taurine sig-
nificantly improved WGR, feed conversion ratio, and protein efficiency when
diets contained casein as the protein source. This discrepancy likely relates
to the inability of casein-based diets to meet the taurine requirements for P.
monodon growth. Studies have reported that fish meal contains 0.5–0.7 g tau-
rine per 100 g dry matter, whereas plant protein sources are virtually devoid of
taurine [29]. Therefore, high-level replacement of fish meal with soybean meal
drastically reduces dietary taurine content. Our results demonstrate that high
soybean meal replacement leads to taurine deficiency in diets for L. vannamei,
suggesting that taurine supplementation is recommended in high-plant-protein
diets for this species. Additionally, the WGR and SR in the SBM2 group were
significantly lower than in the SBM3, SBM4, and SBM5 groups, indicating
that 0.3% cholesterol supplementation alone was insufficient in diets where soy-
bean meal replaced 60% of fish meal. However, the addition of 0.2% taurine
enhanced cholesterol utilization efficiency, demonstrating a cholesterol-sparing
effect. This may be attributed to the ability of crustacean hepatopancreas to
synthesize taurine, which is released into the intestine to solubilize cholesterol
and facilitate its digestion and absorption [30]. Research has shown that tau-
rine is a component of the emulsifying agent in the gastric fluid of crabs and
participates in cholesterol digestion and absorption [31]. Shiau et al. [28] also
found that taurine affects the cholesterol requirement of P. monodon by influ-
encing cholesterol digestion and absorption. The significant interaction between
cholesterol and taurine on WGR and SGR observed in this study may be realized
through taurine’s promotion of cholesterol digestion and absorption.

In the present study, when soybean meal replaced 60% of fish meal, dietary
cholesterol supplementation at 0.3% and 0.6% increased serum TC, HDL-C,
and LDL-C contents in L. vannamei, particularly significantly increasing serum
LDL-C content, though these values did not differ significantly from shrimp
fed the fish meal diet. Previous studies have shown that when fish were fed
diets containing plant protein sources such as soybean meal, wheat gluten meal,
and soy protein concentrate as primary protein sources, plasma cholesterol lev-
els were significantly lower than in fish fed fish meal-based diets, and choles-
terol supplementation could elevate plasma cholesterol content [32-34]. Chen
[35] reported that plasma TC, HDL-C, and LDL-C contents were significantly
correlated with dietary cholesterol levels in Japanese flounder [Paralichthys oli-
vaceus]. Although the mechanism by which plant protein replacement reduces
plasma cholesterol remains unclear, the inability of crustaceans to synthesize
cholesterol suggests that the absence of cholesterol in plant protein sources is
the primary reason for low serum cholesterol levels in L. vannamei.

Our results also demonstrated that cholesterol supplementation in soybean meal-
based diets significantly increased whole-body crude lipid content in L. van-
namei in a dose-dependent manner. Thongrod and Boonyaratpalin [36] reported
that dietary cholesterol supplementation significantly increased crude lipid con-
tent in banana shrimp [Penaeus merguiensis], and Gong et al. [37] found that
cholesterol increased lipid storage in L. vannamei and P. japonicus. These find-
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ings suggest that cholesterol supplementation in high-plant-protein diets may
enhance lipid utilization and storage in shrimp. In conclusion, supplementation
with 0.6% cholesterol alone or combined supplementation with 0.3% cholesterol
and 0.2% taurine in soybean meal-based diets effectively improved the growth
performance and feed efficiency of L. vannamei, with cholesterol and taurine
exhibiting significant synergistic growth-promoting effects.
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