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Abstract

A study of three feeding trials was conducted to investigate the dietary protein requirements of Pacific white
shrimp (Litopenaeus vannamei) at three different growth stages. Six experimental diets were formulated to include
increasing protein levels of 25, 30, 35, 40, 45, and 50% (designated as P25, P30, P35, P40, P45, and P50, respectively)
for three feeding trials. The three feeding trials were conducted in different-sized shrimp at 0.65 g (trial 1), 4.80 g
(trial 2), and 10.5 g (trial 3). Triplicate groups of shrimp were fed one of the experimental diets for 36, 42, and

48 days in trials 1, 2, and 3, respectively. In trial 1, the growth performance was not affected by the dietary protein
levels. However, protein efficiency ratio was significantly higher in P30 diet compared to P40, P45, and P50 diets. In
trial 2, growth rate was significantly higher in P35 diet than in P25 diet. In trial 3, the lowest growth performance
was obtained in P25 diet which significantly differed from that of other experimental diets. Broken line analysis of
growth data indicates that the optimal dietary level of crude protein is 34.5, 35.6, and 32.2% for small-, medium-,
and large-sized (juvenile, sub-adult, and adult stages) Pacific white shrimp, respectively.
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Background

The Pacific white shrimp, Litopenaeus vannamei (Boone,
1931), one of the most important farming shrimp species
in the last decade, occupies a vital position in aquacul-
ture industry. However, basic nutritional data such as
protein requirement, P/E ratio, vitamins, and minerals in
diets for the shrimp have not been fully established. The
nutritional study in shrimp is generally complicated by
the difficulties associated with making water-stable ex-
perimental diet. Crustaceans including shrimp shred
their food particles prior to ingestion, which leads to
rapid leaching and thereby makes their food consump-
tion measurements very difficult Wilson 2002.

Cultured shrimp is supposed to get essential amino
acids through the feeds because they cannot synthesize
all the amino acids (National Research Council 2011). A
minimum dietary protein level is required to supply
adequate amino acids for normal maintenance of
metabolism and physiology in aquatic animals. Generally,

* Correspondence: kjlee@jejunu.ac.kr
Department of Marine Life Sciences, Jeju National University, Jeju 63243,
South Korea

B BMC

low levels of dietary protein lead to rapid growth reduc-
tion and weight loss because animals withdraw the
necessary protein from their tissues to maintain vital
physiological functions. On the other hand, high levels of
dietary protein can lead an increment of feed costs and
nitrogen excretion into the water because animals only
use portions of protein for their body building block and
the remaining portion is converted into energy which
can be easily obtained from cheap carbohydrates or
lipids (Zhou et al. 2007). The dietary protein contents
can significantly affect the water quality via nitrogen
excretion. In the case of shrimp culture system, most of
nitrogen input into the water column is generated by
feeds and is not converted to shrimp tissues.

The optimal dietary protein requirement of L. vannamei
has been reported from 20 to 45% depending on the
shrimp size, water conditions, and dietary characteristics
such as, protein quality, energy content, and palatability
(Velasco et al. 2000; Martinez-Cordova et al. 2003;
Perez-Velazquez et al. 2007; Venero et al. 2008; Jatob4 et
al. 2014; Shahkar et al. 2014; Sui et al. 2015; Yun et al.
2015; Yun et al. 2016). Most of the previous studies have

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s41240-018-0105-0&domain=pdf
http://orcid.org/0000-0003-0268-578X
mailto:kjlee@jejunu.ac.kr
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/

Lee and Lee Fisheries and Aquatic Sciences (2018) 21:30

used practical diets for the requirement of protein in
shrimp. This study, therefore, was conducted to determine
the optimal protein requirements of Pacific white shrimp
in three different growth stages following exposure to a
semi-purified diet.

Materials and methods

Experimental diets and design

Formulation and proximate compositions of the ex-
perimental diets for trials 1, 2, and 3 are shown in
Table 1. Six semi-purified diets were formulated to
contain crude protein levels of 25, 30, 35, 40, 45, and
50% (designated as P25, P30, P35, P40, P45, and P50,
respectively) by increasing casein and gelatin at the
expense of starch. All dry materials were thoroughly
mixed (NVM-16, Gyeonggido, South Korea) and pel-
leted through a pellet machine (SP-50; Gumgang
Engineering, Daegu, South Korea) after addition of
fish oil and distilled water. The pelleted diets were
dried at 25 °C for 24 h, crushed into desirable particle
sizes, and stored at — 24 °C until used.

Table 1 Dietary formulation and proximate composition of the
six experimental diets for L. vannamei (% dry matter). All three
experimental (trial 1, 2, and 3) diets were produced using the
same diet formulation

Ingredients Experimental diets

P25 P30 P35 P40 P45 P50
Brown fish meal’ 18.0 18.0 18.0 180 180 18.0
Gelatin 050 150 250 350 450 550
Casein® 2.00 6.00 10.0 14.0 18.0 220
Soybean meal 4.00 4.00 4.00 400 4.00 4.00
Squid liver meal 5.00 5.00 5.00 5.00 5.00 5.00
Wheat flour 345 345 345 345 34.5 345
Starch 30.0 250 20.0 15.0 10.0 5.00
Fish oil 2.00 2.00 2.00 2.00 2.00 2.00
Vitamin/mineral 2.00 2.00 2.00 2.00 2.00 2.00
premix’
Choline chloride 1.00 1.00 1.00 1.00 1.00 1.00
Lecithin 1.00 1.00 1.00 1.00 1.00 1.00

Chemical composition (% dry matter)

Dry matter 89.0 888 884 889 89.0 886
Crude protein 259 304 358 402 45.0 50.1
Crude lipid 8.12 8.09 8.18 8.17 8.27 823
Crude ash 5.19 513 5.15 528 5.14 533

'Suhyup Feed Co. Ltd., South Korea (crude protein: 73.1%, crude lipid: 6.60%)
2Sigma Chemicals, Gelatin

3Casein was purchased from USB Co. Ltd., Cleveland, OH, USA
“Vitamin/mineral premix (g kg~ of mixture): retinol, 3.0; cholecalciferol, 1.0;
ascorbic acid, 20.0; tocopherol, 20.0; menadione, 2.0; thiamine, 4.0; riboflavin,
6.0; pyridoxine, 5.0; cobalamin, 6.0; inositol, 54.0; panththenic acid, 12.0; biotin,
0.2; niacin amide, 40.0; folic acid, 2.0; Ferriccitrate, 10.0; Cu, 1.0; Zn, 30; Mn, 2.0;
Co, 10, 1, 1.0; K, 6.0; Se, 0.01

Page 2 of 6

Shrimp and feeding trials

The three feeding trials were conducted in an indoor
shrimp culture facility at the Institute of Marine Sciences
of Jeju National University (Jeju, South Korea). Three dif-
ferent size groups of L. vannamei were obtained from
NeoEnBiz shrimp farm (Dangjin, South Korea) and were
acclimated for 2 weeks each during which the shrimp
were fed a proper commercial diet (SAJO DongA One,
Seoul, South Korea).

In the first feeding trial (trial 1, 0.65 g size shrimp),
the shrimp were randomly distributed into 18 acryl
aquaria of 92 L capacity at a density of 18 shrimp per
aquarium with aeration to maintain enough dissolved
oxygen. Triplicate groups of shrimp were hand-fed with
one of the diets four times a day at 08:30, 13:00, 17:30,
and 20:00 h for 36 days. The daily feeding rates were
slowly reduced from 15 to 6% of wet body weight during
36 days of the feeding trial.

In the second feeding trial (trial 2, 4.80 g size shrimp),
the shrimp were randomly distributed into 18 acryl
aquaria of 92 L capacity at a density of 12 shrimp per
aquarium with enough aeration. The feeding protocol
was the same to the trial 1, but the feeding rate was
slightly reduced from 10 to 4% of biomass during 42 days
of the feeding trial.

In the third feeding trial (trial 3, 10.5 g size shrimp),
the shrimp were randomly stocked into 18 acryl aquaria
of 216 L capacity at a density of 11 shrimp per aquarium
with enough aeration. The feeding protocol was the
same to the trial 1, but the feeding rate was 5% of the
biomass during 48 days of the feeding trial.

Three feeding trials were conducted in the same way
except for the duration, shrimp size, and respective
feeding rates. The culture water was changed every
3 days, and the aquaria were cleaned with a sponge to
prevent the growth of microflora. Fluorescent lighting
was maintained for 12 h light/dark cycle. The water
temperature was 28 +2 °C, pH was 7.5+ 0.2, salinity
was 30 g L™, and dissolved oxygen was above 7.0 mg L.
Total ammonia nitrogen and nitrite were kept <0.1 and
0.005 mg L™, respectively, during the three feeding trials.
Shrimp growth was measured every 2 weeks. Feeding was
stopped 18 h prior to weighing to minimize handling
stress on the shrimp.

Sample collection and analyses

At the end of each feeding trial, all the shrimp in each
tank were counted and individually weighed for calcula-
tion of weight gain (WQ@), daily body increase (DBI), feed
conversion ratio (FCR), protein efficiency ratio (PER),
and survival. After weighing, three medium sizes of
shrimp were selected from each tank (nine shrimp per diet-
ary treatment) for whole-body analysis in trials 1 and 3.
Analyses of moisture and ash contents of the experimental
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diets and whole-body samples were performed by the
standard procedures (AOAC 2005). Crude protein was
measured by using an automatic Kjeltec Analyzer Unit
2300 (Foss Tecator, Hogands, Sweden), and crude lipid was
analyzed by Folch et al. (1957).

Statistical analysis

All diets were assigned by a completely randomized de-
sign. Data were analyzed one-way analysis of variance
(ANOVA) in SPSS version 18.0 (SPSS Inc., Chicago, IL,
USA). When ANOVA identified differences among groups,
the difference in means was compared with Duncan’s mul-
tiple range tests. Statistical significance was determined at
P <0.05. Weight gain results were fitted to broken line
models for the estimation of optimal dietary protein level
(Fig. 1). Data are presented as mean + SD. Percentage data
were arcsine transformed before analysis.

Results

The results of growth performance, feed utilization, and
survival are shown in Table 2. The average survival was
86.9, 85.2, and 86.9% for trials 1, 2, and 3, respectively.
In trial 1, the growth performance was not affected by
the dietary protein levels. However, PER was significantly
higher in shrimp fed P30 diet compared to those fed
P40, P45, and P50 diets. In trial 2, significantly higher
growth rate was observed in shrimp fed P35 diet com-
pared to shrimp fed P25 diet. FCR was significantly
lower in shrimp fed P35 and P40 diets than that in
shrimp exposed to P25 diet. Shrimp exposed to P25,
P30, and P35 diets showed significantly higher PER com-
pared to those fed P45 and P50 diets. In trial 3, P25 diet
resulted in significantly lower growth rate than other ex-
perimental diets. FCR was significantly higher in shrimp
fed P25 diet than other experimental diets. PER was sig-
nificantly higher in shrimp fed P30 diet compared to
that of shrimp fed P25, P40, P45, and P50 diets.

As shown in Table 3, significantly higher moisture
content was observed in P25 group than in other groups
in trial 1. In trial 3, moisture was significantly higher in
P25 and P50 than in P30, P40, and P45 groups.
Whole-body protein was significantly lower in P25 group
than that in other groups.

Broken line analysis of growth data indicates that the
optimal levels of crude protein would be 34.5, 35.6, and
32.2% in diets for small, medium, and large (juvenile,
sub-adult, and adult stages) shrimp, respectively.

Discussion

Growth and feed utilization of aquatic animals fed purified
diets are normally lower than those of the animals ex-
posed to practical diets (Kim et al. 1991). Nonetheless, the
use of purified diets is inevitable for the study of nutrient
requirements. In the present study, fish meal as an
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Fig. 1 Broken-line analysis of weight gain (g) of L. vannamei to
different dietary protein levels (%). (a) trial 1 (0.65 g size shrimp), (b)
trial 2 (4.80 g size shrimp) and (c) trial 3 (10.5 g size shrimp)

attractant and gelatin and casein as purified ingredients
were used as the main protein sources. The semi-purified
experimental diets were readily accepted by the shrimp
during the whole feeding trials. The growth of the shrimp
was equal to or better than that reported for similar-sized
L. vannamei exposed to formulated diets in which no
purified ingredients are used. Smith et al. (1985) con-
ducted three feeding trials with similar-sized groups of L.
vannamei and found 0.21, 0.15, and 0.10 g body increase
per day for 4.0, 9.8, and 20.8 g sized groups, respectively.
Rosas et al. (2001) reported daily body increase of 0.04
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Table 2 Growth performance and feed utilization of L. vannamei fed the six experimental diets containing six different levels of
crude protein (25, 30, 35, 40, 45, and 50% for P25, P30, P35, P40, P45, and P50, respectively)

Experimental diets

P25 P30 P35 P40 P45 P50
Trial 1 (initial BW 0.65 g)
FBW' 434 +066 446 +0.38 468+024 492+ 066 480+053 4404028
WG? 571+ 103 586 + 584 619+363 660+ 102 637+ 868 579+ 44.1
DB 0.10+0.02 0.11+001 0.11+0.01 0.12+0.02 0.12+0.01 0.10+0.01
FCR* 177 £036 143+035 132+0.23 149+034 1.58+0.19 141+036
PER’ 233+045% 237+ 058 2.16 +0.40%° 158 +0.37° 142+0.18° 147 +£ 033
Survival® 889+ 7.86 85.2+321 85.2+321 86.1+3.93 926 +32.1 83.3+0.00
Trial 2 (initial BW 4.81 g)
FBW' 108 +0.93° 11.6+043% 131+£1.18 122 +0.92% 117 £0.15% 120+1.32%
WG? 125+19.1° 141 +843% 173 +£235° 153 +186% 145 + 3.94%° 148 + 27.4%°
DBI 0.14 +0.02° 0.16+0.01%® 0.20+0.03° 0.18 +0.02%° 0.17 +0.00%° 0.17 £0.03%®
FCR* 2294025 206+0.13% 171 £0.29° 171+0.18° 201+£027%° 1.83+033%
PER® 170+ 0.19° 160+ 0.10° 167+0312 147 £0.16% 1.12+0.16° 1.12+0.18°
Survival® 91.7+833 889+ 127 833+833 80,6+ 4.81 80.6+9.62 86.1+12.7
Trial 3 (initial BW 10.5 g)
FBW! 155+047° 187 +0.77° 195 +202° 180+ 0.26° 182+ 0.73° 183+ 1.05°
WG? 468 +4.59° 778+6.88° 852+ 194 70.9 +2.95° 728+ 6.62° 729+ 104°
DBF 0.10+001° 0.17 +0.02? 0.19 +0.04% 0.16+001? 0.16+£0.01° 0.16 + 0.02?
FCR* 2.76 +0.26° 164+016° 155+032° 172 +0.14° 169 +022° 1.80 +0.29°
PER® 138+0.13° 198 +0.19° 188 +041%° 149 +0.12° 133+0.17° 1.15+0.18°
Survival® 879+105 970+ 525 90.9 +0.00 81.8+157 81.8+0.00 81.8+9.09

Values are mean of triplicate groups and presented as mean + S.D. Values with different superscript letters in the same row are significantly different (P < 0.05).
The lack of superscript letter indicates no significant differences among treatments

'FBW final body weight (g)

2Weight gain (%) = [(final mean body weight — initial mean body weight)/initial mean body weight] x 100

3Daily body increase (g/day) = (final body weight — initial body weight)/days

“Feed conversion ratio = dry feed fed (g)/wet weight gain (g)

SProtein efficiency ratio = wet weight gain/total protein given

Ssurvival (%)

Table 3 Whole-body composition of L. vannamei fed the six experimental diets containing six different levels of crude protein
(25, 30, 35, 40, 45, and 50% for P25, P30, P35, P40, P45, and P50, respectively)

Experimental diets

P25 P30 P35 P40 P45 P50
Trial 1 (initial BW 0.65 g)
Moisture 83.6+3.12° 763 +2.73¢ 776+1.17° 765+ 161° 774 +078> 79.1 +045°
Protein 766+ 478 768 + 547 809+5.13 783+ 669 766+ 391 793+204
Lipid 515+095 4874088 4574008 4224065 4934075 5424097
Ash 210+246 202+ 166 202+167 209+ 126 207 +093 205+ 1.05
Trial 3 (initial BW 10.5 g)
Moisture 765+1.13° 746+ 147° 756+ 1.08%° 745 +024> 7344135 762+ 055
Protein 756+363° 828+ 160° 827+ 193° 829+ 254 84.1+092° 837 +204°
Lipid 4454034 467 +031 4644047 457+034 4704015 457+031
Ash 1304132 123+ 1.14 1314120 126+ 068 1264068 1374095

Values are mean of triplicate groups and presented as mean + S.D. Values with different superscript letters in the same row are significantly different (P < 0.05).
The lack of superscript letter indicates no significant differences among treatments



Lee and Lee Fisheries and Aquatic Sciences (2018) 21:30

and 0.13 g for 0.3 and 1.5 g sized groups of L. vanna-
mei, respectively. Xia et al. (2010) also reported a daily
body increase of approximately 0.10 g in 6.2 g sized L.
vannamei. These previous studies (Smith et al. 1985;
Rosas et al. 2001; Xia et al. 2010) had used all practical
diets for the feeding trials. In the present study, higher
growth was observed as calculated as daily body in-
crease of 0.11, 0.17, and 0.15 for 0.65, 4.81, and 10.5 g
sized groups of L. vannamei, although semi-purified
diets were used. Therefore, the semi-purified diet in the
present study seems to be formulated nutritionally well
balanced to support optimal growth of juvenile, sub-adult,
and adult sized of L. vannamei.

Generally, practical experimental diets have been used
in most protein requirement studies for Penaeid shrimps.
Most previous studies had used practical ingredients, i.e.,
fish meal and soybean meal as the main protein sources to
increase or decrease the crude protein levels in the prac-
tical experimental diets. When fish meal is used as the
main protein source to gradually increase the crude pro-
tein in diets for protein requirement study (Xia et al. 2010;
Yun et al. 2016), the result might be over-estimated be-
cause of unknown growth factors in fish meal. On the
other hand, when soybean meal (Kureshy and Davis 2002)
is used as the main protein source, the result might be
under-estimated because of its anti-nutritional factors. In
this regard, the present result could be very significant in
providing protein requirement data for Penaeid shrimp by
using semi-purified experimental diets.

The recommended dietary protein levels from previ-
ous studies vary from 30 to 57% for Penaeid shrimps.
The present study showed that the difference in protein
levels affected the growth and feed utilization of L. van-
namei (Table 2). A broken line analysis based on weight
gain suggested that the optimal dietary protein levels
would be 34.5 and 35.6% for small-sized (0.6-5 g) and
medium-sized (4-13 g) groups of L. vannamei. The
optimum dietary protein level for maximum growth of
L. vannamei can be affected by differences in shrimp
size, stocking density, species of shrimp, culture system,
and dietary protein sources. In the range of approxi-
mately 1 g sized shrimp, optimal growth was observed
with 33 to 44% crude protein in diets when krill meal
was used as a main protein source (Rosas et al. 2001).
Gao et al. (2016) reported that the optimum dietary pro-
tein level for L. vannamei (0.31-6.0 g size) was 34%
when a semi-purified diet was used. Shahkar et al.
(2014) reported that 33% dietary protein level is
optimum for an optimal growth of L. vannamei (ap-
proximately 1-11 g size) when fish meal was used as the
main protein source, whereas Martinez-cordova et al.
(2003) found that the optimal protein level was 25%
when L. vannamei (1-17 g size) was cultured in a pond
system with three commercial diets containing 25, 35,
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and 40% CP for 16 weeks. In a very high salinity condi-
tion (60 g/L), the optimum dietary protein level was esti-
mated to 46.7% when the L. vannamei (0.09-2.2 g size)
was fed a semi-purified diet (Sui et al. 2015).

Most of the protein requirement studies on shrimp are
limited to the juvenile stages, and the protein require-
ments of post-juvenile stages have mostly been esti-
mated. There has been little information about the
protein requirement during the adult stage of the
shrimp. Based on the growth of large shrimp (10-20 g
size) in the present study, the optimal dietary protein
level was estimated to be 32.2% by a broken line analysis.
To the best of our knowledge, one study (Smith et al.
1985) is available with which to compare the growth of
large (10-20 g size) L. vannamei in the present study.
Smith et al. (1985) reported that adult-sized (20-25 g)
shrimp was not affected by the protein levels but af-
fected by protein sources (animal or plant), whereas
small-sized shrimp (4—11 g) was significantly affected by
protein levels. The difference in results between the
present study and Smith et al. (1985) can be explained
mainly by the difference in protein sources such as
semi-purified sources (casein and gelatin) and practical
sources (shrimp meal), respectively, as well as different
experimental conditions.

The PER tended to decrease with increased dietary
protein, which is consistent with results in shrimp (Hu
et al. 2008; Xia et al. 2010; Shahkar et al. 2014). The low-
est PER found in 40 to 50% protein diets indicates that
the excessive protein was used for metabolic purposes
other than growth. Usually, a low dietary protein is effi-
ciently utilized for protein synthesis by shrimp (Shiau
and Peng 1992; Hu et al. 2008; Xia et al. 2010). Also, the
differences in protein sources could result in different
PER values (Hajra et al. 1988). In the present study, fish
meal was fixed to 18% and then casein and gelatin mix
(4:1, v/v) was gradually increased to make the dietary
protein level different. Therefore, the differences in PER
values in the present study might be attributed to the
difference only in protein level rather than protein
quality.

The differences in the quantity or quality of protein, the
ratio of dietary protein to energy, and species contribute
to the varying effects of dietary protein on carcass com-
position (Hubbard et al. 1986; Siccardi, 2006). The lower
whole-body protein content was observed in low level of
dietary protein (P25 diet) which was often reported in fish
species (Kim and Lee 2009; Shahkar et al. 2014). Also,
Siccardi (2006) evaluated the requirement of daily digest-
ible protein (DP) and digestible energy (DE) of L. vanna-
mei with two types of diets (25% CP diet and 35% CP diet)
and different feeding regimes. They concluded that the
protein requirement of shrimp needs to be reevaluated
considering feeding methods such as ad libitum/restricted
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feeding and daily feeding amount as well as dietary energy
contents.

Conclusion

In conclusion, the broken line analysis of growth rate
suggests that the optimum dietary crude protein level
could be 34.5, 35.6, and 32.2% for L. vannamei in three
different growth stages (small-, medium-, and large-sized
shrimp, respectively).

Abbreviations
ANOVA: Analysis of variance; FBW: Final body weight; FCR: Feed conversion
ratio; PER: Protein efficiency ratio
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