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Abstract

Two groups of isonitrogenous diets formulated by

replacing 15%, 25%, 35% and 45% of fish meal

protein by amaranth meal and quinoa meal were

used to evaluate the performance of Litopenaeus

vannamei. Growth showed significant reduction

(P < 0.05) in the group of shrimp fed with ama-

ranth diets, with diet A15 showing the best speci-

fic growth rate (SGR = 2.81% day�1), but after

the control diet AQ0 (3.07% day�1). Diet A15 had

significantly (P < 0.05) the best digestibility of dry

matter (79.7%) and protein (88.4%) without dif-

ferences compared to control diet AQ0 (75.1% and

85.2%). Replacement with quinoa meal at any

level tested did not significantly affect (P > 0.05)

the shrimp growth performance. Shrimp fed with

quinoa diets showed better SGR (3.05% day�1)

than those shrimp fed with amaranth (2.56%

day�1). No differences in feed conversion ratio

appeared in either of the protein sources, but qui-

noa diets presented a better average (3.13) than

amaranth diets (4.01). The apparent digestibility

of dry matter and protein for quinoa diets was

similar for all diets, but they were statistically dif-

ferent (P < 0.05) from the control diet. We con-

clude that quinoa meal can replace fishmeal up to

45%, whereas it can be replaced with amaranth

meal up to 15%, without adverse effects on

growth and survival.

Keywords: plant protein, shrimp growth,

digestibility, fishmeal replacement

Introduction

Efficient production of aquatic species in intensive

and semi-intensive production systems requires the

use of commercial feed as a primary or supplemen-

tary source of nutrients respectively. Fishmeal is

an animal protein source commonly used in feeds

for aquatic animal and it is the main ingredient in

commercially manufactured feeds due to its high

palatability and good nutritional balance (Sudary-

ono, Tsvetnenko & Evans 1999). Inclusion levels

of fishmeal in commercial diets (CD) vary from

100 to 500 g kg�1 (Tacon & Metian 2008). This

reliance on the use of fishmeal as the main protein

component in formulated diets is a factor that sig-

nificantly affects operating costs of shrimp farming.

In contrast to the production of fishmeal, aquacul-

ture is in constant growth; so other protein

sources will have to be identified and evaluated for

use in feeds for fish and shrimp.

Commercial shrimp feeds contain 300–
500 g kg�1 crude protein, which comes mainly

from animal products such as marine fish, shrimp

and squid (Mente, Coutteau, Houlihan, Davidson

& Sorgeloos 2002). The need to seek new protein

sources, through evaluation of plant or animal

ingredients in terms of growth response and nutri-

ents digestibility in order to incorporate them into

feeding of different shrimp species (Shiau 2008;

Venero, Davis & Lim 2008), is a long-standing

issue. It is clear that most attention has been

focused on studies of soybean meal as a substitute

for animal protein (Dersjant-Li 2002) due to its
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nutritional quality, low cost and constant avail-

ability (Mbahinzireki, Dabrowski, Lee, El-Saidy &

Wisner 2001). An earlier work showed that soy-

bean meal could effectively replace up to 42% of

fish meal protein in feeds for L. vannamei (Lim &

Dominy 1990, 1992), but when soybean was co-

extruded with poultry by-products it can replace

up to 80% of fish meal without having adverse

effect on survival and feed conversion (Davis &

Arnold 2000). Many researchers have tried to

replace the expensive fish meal as ingredient in

feeds for shrimp L. vannamei feed with other

available protein sources such as cottonseed

(Lim 1996), canola meal (Lim, Beames, Eales,

Prendergast, Mclesse, Shearer & Higgs 1997), pea

meal (Davis, Arnold & McCallum 2002; Mart�ınez-

Rocha, Gamboa-Delgado, Nieto-L�opez, Ricque-

Marie & Cruz-Suarez 2012), barley-based

fermented grains (Molina-Poveda & Morales

2004), a mixture of plant and poultry by-products

(Amaya, Davis & Rouse 2007a,b), algae (Hanel,

Broekman, de Graaf & Schnack 2007; Ju, Forster

& Dominy 2009), a mixture of plant protein soy-

bean, canola and milo (sorghum) (Su�arez, Gaxi-

ola, Mendoza, Cadavid, Garcia, Alanis, Su�arez,

Faillace & Cuzon 2009; Sookying & Davis 2011),

Jatropha kernel meal (Harter, Buhrke, Kumar,

Focken, Makkar & Becker 2011), a mixture of

meat, poultry, blood and corn gluten meal (Ye,

Wang, Li, Sun & Liu 2011; Ye, Liu, Kong, Wang,

Sun, Zhang, Zhai & Song 2012), soy protein con-

centrate (Bauer, Prentice-Hernandez, Borges,

Wasielesky & Poerch 2012; S�a, Sabry-Nieto, Cor-

deiro-Junier & Nunes 2012), rice protein concen-

trate (Oujifard, Seyfabadi, Kenari & Rezaei 2012),

lupin meal (Molina-Poveda, Lucas & Jover 2013)

and corn gluten meal (Molina-Poveda, Lucas &

Jover 2014).

Among other plant species with high nutritional

value is Amaranthus spp., which is widely culti-

vated in Ecuador as a minor fodder crop in the

highlands. The most common amaranth seed con-

tains 145–160 g kg�1 crude protein (Table 1),

about twice that of cereal grains, and also has a

high lysine content which makes it particularly

attractive to increase the biological value of pro-

cessed feeds (Pedersen, Hallgren, Hansen & Eggum

1987). As for carbohydrates, the seed contains

580–680 g kg�1 starch, about 200 g kg�1 amy-

lose and 50 g kg�1 sugar. Starch granules are

extremely small (1–3 lm) and gelatinized at 55–
65°C, giving unique gelatinization characteristics

which may be of benefit for the food industry (Leh-

man 1988).

There are a few reports on the use of amaran-

thus in aquafeeds. Virk and Saxena (2003) studied

amaranthus seeds as replacement for rice bran

and groundnut oil cake at three different levels

(20%, 35%, and 50%) in diets for common carp,

Cyprinus carpio, and rohu, Labeo rohita, under a

semi-intensive production system. Growth in terms

of body weight gain was maximum in fish fed on

diets containing 200 g kg�1 amaranthus seeds.

Overall, the fish fed on diets containing amaran-

thus seeds at different levels showed better growth

than the control. Adewolu and Adamson (2011)

evaluated amaranthus leaf meal as dietary protein

source in diets for Clarias gariepinus. Amaranthus

spinosus leaf meal was included in the diets at 0,

50, 100, 150 and 200 g kg�1 and delivered to

fingerlings of 5 g for 56 days. The results indi-

cated that up to 50 g kg�1 A. spinosus leaf meal

could be included in practical diets for C. gariepinus

without affecting growth and feed utilization.

Quinoa (Chenopodium quinoa) is an ancient agri-

cultural species originated from South America,

which has been cultivated as a protein source in

human nutrition for 7000 years (Jacobsen 2003).

Quinoa production has increased in the last

Table 1 Proximate composition (g kg�1) of ingredients

and amino acid profile (g kg�1 protein) of amaranth, qui-

noa and fish meal used in feed formulation on dry matter

basis

Amaranth Quinoa Fishmeal

Moisture 38.3 95.9 64.6

Crude protein (N 9 6.25) 174.7 154.4 703.0

Crude lipid 64.9 83.4 120.5

Crude fibber 13.8 9.1

Ash 28.2 25.3 117.5

Calcium 0.9 0.6 19.6

Phosphorous 7.4 7.3 19.4

Energy (MJ kg�1) 200.4* 201.2* 203.8

Amino acids

Arginine 100.0 74.0 54.7

Histidine 25.0 46.0 24.6

Isoleucine 37.0 70.0 36.9

Leucine 57.0 73.0 73.8

Lysine 80.0 84.0 80.7

Methionine 42.0 55.0 30.1

Phenylalanine 77.0 53.0 39.6

Threonine 36.0 57.0 43.7

Valine 43.0 76.0 47.8

*Peralta, Maz�on, Murillo, Villacr�es, Rivera and Subia (2009).
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40 years. The main producing countries are Boli-

via, Peru and Ecuador, which in 2011 produced

80 255 tons, from 17 747 tons in 1971 (FAO-

STAT 2011). During 2011, quinoa production

was 41 182 tons in Peru; 38 257 tons in Bolivia;

and 816 tons in Ecuador (FAOSTAT 2011).

Quinoa is an annual plant that grows in the

Andean regions in a wide range of extraordinary

altiplano conditions (FAO 2011). The grain is

small, and typically has a protein content of 140–
180 g kg�1 when compared to 100–120 g kg�1

for major cereals. Quinoa is particularly rich in

essential amino acids (EAA), which are scarce in

other cereals (FAO 2011), possessing higher pro-

portions of lysine and the sulphur-containing

amino acids, cysteine and methionine.

As in amaranth, the starch is mainly located in

the perisperm and occurs at 60% in quinoa as

compound granules of average particle size of 0.8–
1.5 lm in different native varieties of Ecuador,

having an amylose content of less than

110 g kg�1 (Koziol 1992). Triterpenoid saponins

have been detected in quinoa and considered to be

toxic to fish, limiting the inclusion levels of several

alternate plant protein sources in diets for fish

(Francis, Makkar & Becker 2001). Quinoa is also a

source of a wide range of vitamins and minerals

and is particularly high in iron (Repo-Carrasco,

Espa~na & Jacobsen 2001). In a digestibility study

on tilapia reported by Guti�errez-Espinosa, Yossa-

Perdomo and V�asquez-Torres (2011), these

authors working with tilapia nilotica found that

the dry matter, protein and energy apparent

digestibility (AD) coefficients were, respectively,

58.8–64.4%, 67.7–77.5% and 29.0–66.1%, simi-

lar to other cereals.

The aim of this study was to determine if fish-

meal can be replaced by other protein sources

such as amaranth and quinoa in experimental

diets for juveniles of the shrimp Litopenaeus van-

namei, while maintaining the dietary protein and

lipid content constant. The diets were evaluated in

aquaria under controlled conditions in terms of

digestibility, ingestion, growth and survival rates

of shrimps.

Material and methods

Quinoa saponin removal

The seeds of quinoa C. quinoa were rinsed in clean

water three times, thereby withdrawing the shell

and therefore the saponins, which constitute an

antinutritional factor. The seeds were then drained

and left to dry in an oven for 24 h at 60°C. Like
other ingredients, quinoa and amaranth were pul-

verized to 300 lm.

Experimental diets

Two sets of experimental diets were prepared with

a level of 300 g kg�1 crude protein, including a

control diet in which fish meal was replaced by veg-

etable protein 150, 250, 350 and 450 g kg�1, the

first group by amaranth meal and the second one

by quinoa meal. In addition, a CD (326 g kg�1 pro-

tein and 72 g kg�1 lipid) was tested.

Experimental diets were prepared by weighing

ingredients (0.01 g) and mixing them by hand

from low to higher concentration. Vitamins and

minerals were premixed before incorporation with

the other ingredients. Once the dry ingredients

were homogenized, lecithin was added followed by

the fish oil. As a final step, hot water was added

gradually until dough is obtained that could be pro-

cessed in a meat grinder. For the digestibility trial,

chromic oxide was added and blended previously

with a portion of diet to ensure a homogeneous dis-

tribution of this marker before running the batch

through a mincer with a 2 mm matrix. The noo-

dles were dried in a vertical fan oven ISUZU (Type

MNS 1155; Tokyo, Japan) at 60°C for 2 h and then

strands were broken into pellets about 5–6 mm in

length. All experimental feeds were stored and

packaged in plastic bags at �10°C until use.

The lipid level of 65 g kg�1 diet was adjusted by

varying the level of fish oil and the diet formulas

were adjusted to 100% with corn starch. The com-

position of diets are presented in Table 2.

Palatability of diets

Acceptability was estimated based on the ingestion

rate determined over 6 days; for which 2 h after

each feeding, at 08:00 and 16:00 hours, the

uneaten pellets (no faeces) were collected by

siphoning in mesh of 300 lm previously weighed.

Meshes containing the pellets were placed in an

oven at 60°C for 24 h and weighed again. A fac-

tor ‘F’ was introduced to correct for feed losses due

to water movement, aeration, siphoning and rins-

ing during the time that the feed was in the water.

To determine this factor, 10 aquaria without

shrimp were used where a known amount of feed
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was placed. The amount of feed consumed (dry

matter) by shrimp was expressed as a percentage

of the biomass of shrimp in the aquaria and used

as an indicator of diet palatability by using the

expressions:

Palatability ¼ Supplied feed� ðNon consumed� FÞ
Biomass in aquarium

� 100

Correction Factor (F) ¼ Supplied feed

Retrieved feed

Pellet water stability

For water stability of the diets, 2 g of pellets were

weighed and placed in glass bottles (bottom area:

28.27 cm2) with 100 mL of seawater (35 g L�1).

Samples in triplicate were placed in an EYELA hor-

izontal shaker (EYELA, Model NTS-1300; Tokyo,

Japan) at 70 rpm and maintained in a water bath

at 28°C. After 2 h of immersion, the pellets were

collected in baskets with mesh size of 600 lm,

previously weighed and labelled. Meshes with the

pellet were dried at 60°C for 24 h in an ISUZU

Table 2 Ingredient levels and proximate composition (g kg�1) of the diets (AQ0 = basal diet; A = amaranth; Q = qui-

noa; 0–45 represent the protein level from fish meal replaced by protein from either A or Q)

Ingredients AQ0 A15 A25 A35 A45 Q15 Q25 Q35 Q45

Fish meal* 315.6 268.3 236.7 205.2 173.6 268.3 236.7 205.2 173.6

Amaranth† 0.0 184.5 307.5 430.4 553.4 0.0 0.0 0.0 0.0

Quinoa‡ 0.0 0.0 0.0 0.0 0.0 208.5 347.4 486.4 625.4

Squid meal§ 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0

Wheat gluten¶ 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0

Fish oil 34.8 28.4 24.2 20.0 15.8 23.5 16.0 08.4 0.9

Soybean lecithin 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0

Cholesterol 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0

Vitamins premix** 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0

Minerals premix†† 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5

Carboxymethyl cellulose 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0

Antioxidant 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Mould inhibitor 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Chromic oxide 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0

Corn starch‡‡ 450.9 320.1 232.9 145.7 58.5 301.1 201.2 101.3 1.4

Total 1000 1000 1000 1000 1000 1000 1000 1000 1000

Proximate composition (g kg�1 as dry matter)

Moisture (as was at mixing) 58.2 68.0 66.3 110.9 109.1 59.9 60.2 80.3 114.2

Crude protein (N 9 6.25) 308.9 301.7 293.1 289.3 288.3 308.7 303.7 302.7 302.9

Crude fat 62.4 71.6 69.0 71.0 68.3 76.4 66.7 62.5 62.9

Carbohydrate§§ 499.1 487.3 501.2 462.2 467.4 483.0 500.5 488.5 455.7

Ash 71.4 71.4 70.4 66.6 66.9 72.0 68.9 66.0 64.3

Energy (MJ kg�1 dry matter)¶¶ 168.0 168.0 167.0 1610 160.0 170.0 168.0 165.0 160.0

*Produced by steam dry method (Polar, Salango, Ecuador).
†INIAP Alegr�ıa variety, provided by Instituto Nacional Aut�onomo de Investigaciones Agropecuarias (INIAP), Quito, Ecuador.
‡INIAP Tunkahuan variety, provide by INIAP, Quito, Ecuador.
§Processed in the laboratory by lyophilized from commercial frozen baby squid Loligo sp (71.2% crude protein c.p.; 7.5% lipid).
¶Purchase from Sigma Chemical, St. Louis, MO, USA (88.6% c.p.; 0.6% lipid).

**(mg 100 g�1 diet): p-amino benzoic acid, 10; thiamin-HCl, 12; riboflavin, 20; pyridoxine-HCl, 12; choline chloride, 250; nicotinic

acid, 75; calcium pantothenate, 50; inositol, 200; biotin, 0.5; folic acid, 1.5; ascorbic acid, 10; menadione, 4; a-tocopherol acetate,

40; cyanocolabamine, 0.03; cholecalciferol, 0.03; b-carotene, 1.15 9 10�3.
††(mg 100 g�1 diet): calcium phosphate monobasic, 272; calcium lactate, 640.2; ferric citrate, 60; magnesium sulphate heptahy-

drate, 274; potassium phosphate, 480; sodium phosphate monobasic, 174; sodium chloride, 86; aluminium chloride, 0.4; potas-

sium iodide, 0.3; cuprous chloride, 0.2; manganese sulphate monohydrate, 1.6; cobalt chloride hexahydrate, 2.1; zinc sulphate

heptahydrate, 7.1; sodium selenite, 2.
‡‡Purchase from Sumesa S.A., Guayaquil, Ecuador.
§§Calculated value: carbohydrate = total � (ash+crude protein+moisture+total lipid).
¶¶Total energy was calculated using following factors: 23 kJ g�1 protein; 35 kJ g�1 lipid; 15 kJ g�1 carbohydrate.
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oven (Model 2-2132; Tokyo, Japan), and after this

period the weight recorded.

The retention rate of dry matter (PWS) was

calculated using the formula:

PWS ¼100� W drybefore inmersionð

�W dryafter inmersionÞ � 100

Digestibility trial/evaluation of digestibility

At the end of the growth trial, shrimps were fed

experimental diets containing 5 g kg�1 of chrome

oxide. This compound is used as a reference com-

ponent in feeds to determine relative digestibility of

dry matter and protein. Chromic oxide is physio-

logically inert, non-toxic and can be easily mixed

in formulated feeds. After a 7-day period of accli-

mation to the diets, faeces were collected 2 h after

each feeding and grouped by aquarium. Faecal

material was gently rinsed with distilled water and

stored in Eppendorf tubes at �80°C. The faeces

collected for 10 days were centrifuged, lyophilized

and stored at �20°C. Before analysis, dried faeces

were ground to a fine and homogeneous powder

in Eppendorf tubes with a metallic piston. After-

wards, the faeces powder was oven dried for 24 h

at 60°C and kept in a dry atmosphere using silica

gel to ensure complete dryness at the time of

weighing. Protein and chromic oxide contents of

the diets and faeces were determined using a block

digester after acid digestion (McGinnis & Kasting

1964; Foster & Gabbot 1971).

Correction Ricque-Marie, Nieto-L�opez, Tapia-Sal-

azar, Guajardo-Barbosa, Villareal-Cavazos, Pe~na-

Rodriguez and Cruz-Su�arez (2008) was applied for

calculations of AD of protein and dry matter, using

the following formula:

AD ¼ 1� ð% Nutrient=% Cr2O3Þ faces
ð% Nutrient=% Cr2O3Þnutrient

�

� 1

ð1�% Losses=100Þ� � 100

Growth trial at the laboratory

Juveniles of L. vannamei (average weight 0.5 g),

originating from captive broodstock, were obtained

from facilities of Centro Nacional de Acuacultura e

Investigaciones Marinas (CENAIM) located in San

Pedro de Manglaralto, Province of Santa Elena,

Ecuador. Seven shrimps were initially stocked

(39 m�2) in each of the 50 L polyethylene aquaria

(60 cm length 9 30 cm width 9 36 cm height

and bottom area 0.18 m2, which were covered

with 2 mm mesh netting to prevent the shrimps

jumping out) with seawater, where they were

acclimatized to the experimental conditions for a

week and control diet prior to onset of the experi-

ment. After this period of adaptation, shrimp were

weighed and each shrimp lost was replaced by one

of similar weight.

After the adaptation period, the growth trial started

with shrimp having initial average weight of

1.30 � 0.06 g, which were fed ad libitum twice a day

(12:00 and 18:00 hours) for 8 weeks. Faeces, moults

and excess feed were siphoned from aquariums before

the first feeding. The shrimp in each aquarium were

weighed biweekly and at the end of the trial. Mortali-

ties were recorded during the study period.

Water exchange in each aquarium was 300%

daily, with full-strength seawater (filtered and UV-

treated), using a flow-through water system. A

handheld oxygen metre WTW OXY3150i (Weil-

heim, Germany) was used to monitor the tempera-

ture and dissolved oxygen concentration of water

in each aquarium daily, and a refractometer was

used to track salinity twice a week. The photope-

riod was set at 12 h light: 12 h darkness.

Performance parameters

The growth parameter used to evaluate the quality

of diets was calculated by the following equation:

Specific growth rate ðSGR;% day�1Þ
¼ lnWf � lnWi

tðdaysÞ
� �

� 100

Daily feed intake (DFI, % day�1) was calculated

with corrected feed ingestion using the expression:

DFI ¼ Integrated feed/Averaged biomass

t ðdaysÞ
� 100

Weight gain ð%Þ ¼ ½ðBf � BiÞ=Bi� � 100

The feed conversion ratio (FCR) was estimated

using the formula presented by Brand and Colvin

(1977) for correcting dead shrimps:

FCR ¼ Ingested feed

Bf þ
PWiþWf

2 � N
� �� Bi
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where Bf, final biomass; Bi, initial biomass; Wi,

average initial weight in each period; Wf, average

final weight in each period; N, number of dead

shrimp in each period.

Protein efficiency ratio (PER)
¼ wet weight gain (g)=protein consumed (g)

Analytical methods

Feed ingredients and diets were milled to fine pow-

der (300 lm) and their proximate compositions

were analyzed using standard laboratory proce-

dures (AOAC 1990). Dry matter was calculated

from weight loss after drying in an oven at 105°C
for 2 h. Crude protein (Nx6.25) was measured

using Kjeldahl method after acid digestion. Crude

fat was calculated after extraction with diethyl

ether extraction (Soxhlet technique). Ash was deter-

mined after ignition of the samples at 550°C for 4 h

in a muffle furnace. Amino acids were determined

by high-performance liquid chromatography (Shi-

madzu, Kyoto, Japan) after hydrolysis of samples in

6 N HCl for 24 h at 110°C. Then, samples were

derivatized with o-phthaldialdehyde according to

Antoine, Wei, Littell and Marshall (1999).

Statistical analysis

All data are presented as the mean values (and

SEM). The Anderson–Darling test was used to

check for normality. Bartlett’s test for homoscedas-

ticity of variance was employed with P < 0.05 (Zar

1999). One-way ANOVA considering initial weight

as covariate and, when pertinent, a posteriori

Student–Newman–Keuls multiple comparison test

were used to determine significant difference

between treatments at a confidence level of 95%.

The STATGRAPHICS statistical software package

(Statistical Graphics System, Version Centurion,

Herndon, VA, USA) was used.

Results

Water quality

Juveniles were reared in a system with a high sea-

water exchange rate of 300% day�1. Dissolved

oxygen, pH, temperature and salinity averaged

5.43 � 0.63 mg L�1, 7.88 � 0.08, 25.5 �1.33°C
and 35 g L�1 respectively.

Stability and palatability of experimental diet

The pellet water stability test shows (Fig. 1) that

the diet with the highest amaranth inclusion level,

A45, presented the highest (P < 0.05) dry matter

loss (33.4%). The rest of the diets containing ama-

ranth (A15-A35) had similar values of stability

to control diet, between 72.9% and 73.1%. After

a 2-h immersion, the effect of quinoa content

was more clearly established. Pellet stability pro-

gressively decreased as the quinoa content

increased. Dry matter loss reached 52.3%, where

quinoa meal was included at a rate of 45%

substitution (Q45). CD presented the highest

stability.

The palatability results in the laboratory trial

revealed that all shrimp readily accepted the

experimental diets and fed actively during this

study, as no differences in palatability were

obtained, ranging between 4.3 and 5.3% day�1.

83.3 a

72.7  b 72.9 b 72.9 b 73.1 b

66.6 bc

72.3 b

67 bc

62.8 c

47.7 d

40

45
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65
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80

85

90

CD AQ0 A15 A25 A35 A45 Q15 Q25 Q35 Q45

Figure 1 Dry matter pellet water

stability (%) of diets containing differ-

ent replacements levels of fishmeal

by Amaranth and Quinoa (values

with different superscripts are signifi-

cantly different, P < 0.05).
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Apparent digestibility of protein (APD) and dry

matter digestibility (ADMD)

Apparent digestibility coefficient, for both dry mat-

ter and protein, presented statistical differences

(Fig. 2). Amaranth diet A15 had the highest val-

ues, but A35 and A45 presented significantly

(P < 0.05) lowest ADMD and APD. The ADMD

and ADP in Quinoa diets were higher in Q15 and

Q25 than control diet and Q45.

Meanwhile, both ADP and ADMD were statisti-

cally higher in diets with quinoa, 82.2% and

70.3%, than amaranth diets, 68.5% and 52.6%

respectively.

Survival, growth and feed performance

Few shrimps died during the 8-week feeding trial;

survival rate was not lower than 74% in diet A45,

but no differences among treatments appeared

(Tables 3 and 4).

The one-way ANOVA revealed that the protein

source exhibited an effect on growth (final weight,

total weight gain and SGR) and PER in amaranth

diets (Tables 3). SGR decreased related to inclusion

amaranth in diets, from 3.07 in control diet AQ0

to 2.36% day�1 in diet A45, and also PER, from

1.31 to 0.72 respectively. No differences were

found for daily feeding intake (DFI) and conversion

ratio (FCR) related to the levels of ingredients.

No differences in growth appeared in quinoa

diets, but a significant effect on DFI, FCR and PER

was noted (Table 4), as diet Q45 showed the low-

est value of these parameters compared to the

other diets.

Nevertheless, average SGR in quinoa diets was

higher than in amaranth diets, 3.02 vs. 2.59; DFI

was lower, 4.52 vs. 5.47; FCR was lower, 1.95 vs.

2.85; and PER higher, 1.54 vs. 0.96 respectively.

Likewise, white shrimp fed most experimental diets

had a higher SGR compared CD, 2.50% day�1

(data not shown).
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Figure 2 Apparent dry matter

(ADMD) and protein (APD)

digestibility (%) of experimental

diets containing different replace-

ments levels of fishmeal by Amar-

anth and Quinoa (values with

different superscripts are signifi-

cantly different, P < 0.05).
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Discussion

Results of the bromatological analysis for ama-

ranth and quinoa seed meals were similar to the

results reported by Virk and Saxena (2003) and

Koziol (1992) respectively. Amaranth and quinoa

have a protein content (Table 1) that is compara-

ble to alfalfa (173 g kg�1) but higher than the

values reported for oats (118 g kg�1), sorghum

(111 g kg�1) and wheat (122 g kg�1) (NRC

2011). In pseudo cereals, such as quinoa, albu-

mins and globulins are the major protein fraction

(440–770 g kg�1 of total protein), which is

greater than that of prolamins (5–7 g kg�1)

(Koziol 1992). Crude fibre content of both meals

was low when compared to the whole grain and

other cereals (Koziol 1992).

Ash content in feeds decreased proportionally

along with increases in the rate of inclusion of

amaranth and quinoa, an effect that can be

explained by the greater ash content of fishmeal

compared to these meals (Table 1). The energy

contained in the diets was 160–170 MJ kg�1,

which is similar to the reported standards for

shrimp feeds (between 87 and 180 MJ kg�1 with

an average of 159 MJ kg�1) (Siccardi 2006).

Both amaranth and quinoa have high levels of

certain EAA (Table 1) in comparison with fish

meal, so the EAA profile of experimental diets

(Table 5) was very similar to control diet. Opti-

mum levels of several EAA have been reported for

penaeid shrimp by Akiyama, Dominy and Lawr-

ence (1992), and particularly for L. vannamei by

Fox, Lawrence and Li-Chan (1995), Fox, Davis

and Lawrence (2011), Zhou, Zeng, Wang, Wang,

Wang and Xie (2012), Xie, Zeng, Zhou,

Wang, Wang, Zheng and Wang (2012) and Zhou,

Wang, Wang and Tan (2013). These authors

reported optimum dietary levels of some EAA,

23 g kg�1 Arginine, 20 g kg�1 Lysine, 4 g kg�1

Methionine and 15 g kg�1 Threonine, which are

apparently covered by experimental diets

(Table 5). However, a dietary methionine require-

ment of 25 g kg�1 or 37 g kg�1 protein was

Table 3 Growth performance of white shrimp, L. vannamei reared for 8 weeks in 50-L indoor aquaria and fed the

experimental diets containing different replacements levels of fishmeal by amaranth (Amaranthus caudatus)

Diet AQ0 A15 A25 A35 A45 SEM

Initial weight (g shrimp�1) 1.34 1.31 1.30 1.32 1.31 0.02

Final weight (g shrimp�1) 8.33a 7.17b 6.59bc 5.45c 5.41c 0.39

SGR (% day�1) 3.07a 2.81a 2.68ab 2.33b 2.36b 0.11

Survival (%) 94.3 93.1 91.0 83.4 74.4 7.38

Total weight gain (%) 538a 446b 402bc 316c 312c 30.5

DFI (%BW day�1) 5.40 5.62 5.87 5.65 4.76 0.70

FCR 2.29 2.57 2.77 3.28 2.91 0.24

PER 1.31a 1.20ab 1.08abc 0.84bc 0.72c 0.11

Mean of six replicates using initial weight as covariate.

Values in the same row with different superscripts are significantly different (P < 0.05).

Table 4 Growth performance of white shrimp, L. vannamei reared for 8 weeks in 50-L indoor aquaria and fed the

experimental diets containing different replacements levels of fishmeal by quinoa (Chenopodium quinoa)

Diet AQ0 Q15 Q25 Q35 Q45 SEM

Initial weight (g shrimp�1) 1.34a 1.2b 1.30ab 1.32ab 1.28ab 0.02

Final weight (g shrimp�1) 8.31 8.68 8.16 7.86 7.33 0.44

SGR (% day�1) 3.10 3.16 3.06 3.00 2.89 0.08

Survival (%) 92.4 90.5 94.3 88.8 93.4 4.48

Total weight gain (%) 551 561 534 512 469 31.2

DFI (%BW day�1) 5.39a 4.94a 4.96a 4.57a 3.66b 0.27

FCR 2.29a 2.09a 2.10a 2.01a 1.61b 0.12

PER 1.28a 1.40a 1.47a 1.42a 1.87b 0.09

Mean of six replicates using initial weight as covariate.

Values in the same row with different superscripts are significantly different (P < 0.05).
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recommended, respectively, by Akiyama et al.

(1992) and Fox, Lawrence, Patnaik, Forster, Ju

and Dominy (2010) for shrimp feeds; so a poten-

tial deficiency in methionine may be responsible

for the depressed growth of shrimp fed diets with

higher levels of fish meal replaced by amaranth

A-35 and A-45 if protein digestibility is taken into

account (Fig. 2), because the availability of

methionine is more likely to be reduced, as the sit-

uation worsens as fishmeal is replaced by ama-

ranth in these diets. It is therefore reasonable to

say that including amaranth would also have a

negative effect on weight gain due to a lower

availability of methionine. Thus, the optimal sup-

plementation of methionine must be considered in

future studies on this species. Likewise, optimum

requirements of Methionine, and other EAA, must

be studied in L. vannamei, because the two cited

available references (4 and 25 g kg�1) are very

different, even considering other shrimp species

(NRC 2011), in the interval of 7–9 g kg�1, respec-

tively, for Penaeus monodon and Marsupenaus japon-

icus, whereas optimum levels of Lysine, for

example, are very similar, 19–21 g kg�1 for three

species.

The data on pellet water stability showed that

percent recovery of experimental diets was lower

than CDs due to the different manual and indus-

trial preparation processes respectively. Amaranth

diet stabilities were similar to those of control diet

AQ0, with the exception of the highest replace-

ment (A45), and they were generally high (>72%)

after a 2 h period of submersion in seawater

(Fig. 1). On the other hand, lower levels of pellet

water stability were observed in diets replaced with

250, 350 and 450 g kg�1 fish meal protein by

quinoa protein, which may be attributed to its low

amylose level, and firstly to the lower content of

dietary corn starch, because although the starch

granule has high swelling capacity, structural

bonding is weak and the starch cannot withstand

the stresses caused by swelling and water move-

ment in diets with corn starch level lower than

150 g kg�1, A45, Q35 and Q45. Water stability

of feeds containing amaranth and quinoa found in

this study was lower when compared with results

reported by Molina-Poveda et al. (2013, 2014),

82–95% in lupin diets and 82–87% using corn

gluten meal, all of which had corn starch levels

up 300 g kg�1. The relatively poor stability of

diets could affect their nutritional values of vita-

mins or amino acids but Fox et al. (2010) reportedT
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a minimal leaching of methionine, and quinoa

diets gave a good growth in comparison to CD,

which presented a higher stability.

In this study, palatability was not affected by

the inclusion of quinoa in any of the fish meal

replacement levels, but feed intake of diet Q45 was

the lowest, which would show that the extraction

of saponins in quinoa was not enough and the

long-term ingestion was affected with an inclusion

of 550 g kg�1.

On the other hand, it has been reported that

amaranth reduced feed intake, likely as a conse-

quence of antinutritional factors accumulation

(Agbaire 2011; Montero-Quintero, Molina &

S�anchez-Urdaneta 2011), or tannins causing

palatability problems due to the astringent taste

(Joslyn & Goldstein 1964), although no difference

was observed in the current trial. Becker, Wheeler,

Lorenz, Stafford, Grosjean, Betschart and Saunders

(1981) evaluated 10 different samples of ama-

ranth and found a range of 0.08–0.42 g kg�1 of

tannins. For example, it is known that carp are

very sensitive to adverse taste caused by these fac-

tors (Becker & Makkar 1999). Tannin levels in the

seed coat of amaranth are higher than those in

the perisperm and dark-seeded varieties are known

to have higher tannin levels than non-dark-seeded

varieties (Lorenz & Wright 1984). Bressani, Elias

and Garcia-Soto (1989) found an improvement in

mean weight gain and in protein quality for the

cooked grains, contrary to reported before by Ped-

ersen, Hallgren et al. (1987). In the present work,

grain amaranth of light-coloured seeds was used

and amaranth was not processed, and although

daily feed intake was similar to quinoa diets and

control diet, the growth was lower, which could

indicate the negative effect of antinutritional fac-

tors.

Quinoa meal, even at the highest level of protein

replacement (450 g kg�1) in diets, can be effec-

tively utilized by the shrimp, as evidenced by the

non-significant differences in growth rate of

shrimp from 0 to highest level of quinoa meal feed

replacement in the diet, and the best feed conver-

sion and protein efficiency of diet Q45. It seems

clear that the EAA composition was well balanced

in the diet and the levels of antinutritional factors

were below the levels that might inhibit growth in

L. vannamei.

On the contrary, amaranth meal, even at

150 g kg�1 substitution, gave a lower final

weight, which agrees with the work of Adeniji,

Fakoya and Omamohwo (2007) who fed finger-

lings of tilapia (Oreochromis niloticus) with diets

containing 50–750 g kg�1 A. spinuous and

reported reduced growth of fish at all levels of

inclusion. Other studies on the use of A. spinuous

leaf meals as dietary protein source have been

conducted for tilapia and catfish, with variable

results (Adeniji et al. 2007; Adewolu & Adamson

2011). Adewolu and Adamson (2011) also

reported that up to 50 g kg�1 of A. spinosus leaf

meal can be included in a practical diet for African

catfish C. gariepinus, and in general there was a

decreasing trend in growth rate of fingerlings with

increasing inclusion level from 100 to 200 g kg�1

in experimental diets. These results, which keep a

similar pattern to this study, might be due to pres-

ence in amaranth of saponins, alkaloids, tannins,

phytates and oxalates as antinutritional substances

(Lorenz & Wright 1984; Agbaire 2011; Montero-

Quintero et al. 2011). A serine proteinase inacti-

vating proteins has also been isolated from seeds

of grain Amaranthus caudatus L. (Hejgaard, Dam,

Petersen & Bjørn 1994). Although this inhibitor of

trypsin is very heat, stable and is immediately

inactivated by pepsin at pH 2 (Hejgaard et al.

1994), this inhibitor represents a potential antinu-

tritional factor in feeds for shrimp that lack pepsin

and whose digestive pH does not reach 2, but opti-

mum pH for digestive enzymes in shrimp gut

range between 4.5 and 9.5 (Lan & Pan 1990;

Souza, Fernandes, Silva, Lemos, Bezerra & Souza

2009).

The decreasing level of digestibility of the diets

in the shrimp with an increase in the level of ama-

ranth meal replacement may result from the pres-

ence of serine proteinase in this ingredient, which

reaches high levels in diets A45 and A35. Lower

digestibility of the amaranth diets 25, 35 and 45

in shrimp, as shown in the digestibility coefficients

for dry matter and protein obtained in this study,

may be another contributing factor in the poor

growth of shrimp fed diets with various levels of

amaranth meal replacement. On the other hand,

even at the highest level of fishmeal replacement,

quinoa meal is still highly digestible and the

ADMD (78–63%) and APD (87–78%) values

obtained in this study are comparable to the

results of Guti�errez-Espinosa et al. (2011) and sim-

ilar to those for other cereals, but these authors

reported digestibility coefficients of quinoa meal in

tilapia nilotica of 58.8–64.4% for ADMD and

67.7–77.5% for APD in tiger shrimp.
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This study reported a high PER and a relatively

high AD for washed quinoa compared to ama-

ranth (70 vs. 53% for ADMD and 82 vs. 68% for

APD). Based on PER, protein digestibility and

nitrogen balance Ranhotra, Gelroth, Glaser, Lorenz

and Johnson (1993) found that the quality of pro-

tein in quinoa equals that of casein. On the other

hand, Pedersen, Kalinowski and Eggum (1987)

using chemical score suggested leucine, valine or

threonine as the limiting amino acids in amaranth

grain. Finally, considering the growth and feed

conversion results, it seems that quinoa is a better

ingredient than amaranth for substituting fish

meal in white shrimp diets.

Conclusion

This study has demonstrated the acceptable nutri-

tional value of quinoa meal as ingredient for

shrimp diets, as this raw material can replace up

to 45% of fish meal in feeds for L. vannamei. This

species shows no adverse effect on growth, sur-

vival, feed palatability, intake and digestibility

when fed with diets having up to 620 g kg�1 of

this ingredient. On the other hand, the amaranth

meal was not an effective as an ingredient, but the

exact causes for the growth-depressing effects of

raw grain amaranth are unclear. Further studies

are necessary to investigate whether processing

amaranth by cooking and/or addition of limiting

amino acids in diets should improve shrimp perfor-

mance. In addition, it would be interesting to

establish whether the use of quinoa protein con-

centrate can completely replace fish meal in diets

for shrimps.

Acknowledgments

The authors wish to express appreciation to Bel-

gium Technical Cooperation for the financial sup-

port to conduct the research. Members of the staff

at CENAIM are greatly acknowledged for their

assistance. The English version of the manuscript

was revised by Neil Macowan.

References

Adeniji C.A., Fakoya K.A. & Omamohwo V.R. (2007)

Partial replacement of soybean cake with Amaranthus

spinosus leaf meal in the diet of Nile tilapia, Ore-

ochromis niloticus. Pakistan Journal of Scientific and

Industrial Research 50, 335–338.

Adewolu M.A. & Adamson A.A. (2011) Amaranthus spi-

nosus leaf meal as potential dietary protein source in

the practical diets for Clarias gariepinus (Burchell,

1822) fingerlings. International Journal of Zoological

Research 7, 128–137.

Agbaire P. (2011) Nutritional and anti-nutritional levels

of some local vegetables (Vernomia anydalira, Manihot

esculenta, Teiferia occidentalis, Talinum triangulare,

Amaranthus spinosus) from Delta State, Nigeria. Journal

of Applied Sciences and Environmental Management 15,

625–628.

Akiyama D.M., Dominy W.G. & Lawrence A.L. (1992)

Penaeid shrimp nutrition. In: Marine Shrimp Culture:

Principles and Practices (ed. by A.W. Fast & L.J. Lester),

pp. 535–568. Elsevier Science Publishing Company,

New York, USA.

Amaya E.A., Davis D.E. & Rouse D.B. (2007a) Replace-

ment of fish meal in practical diets for the Pacific white

shrimp (Litopenaeus vannamei) reared under pond con-

ditions. Aquaculture 262, 393–401.

Amaya E.A., Davis D.E. & Rouse D.B. (2007b) Alterna-

tive diets for the Pacific white shrimp (Litopenaeus van-

namei). Aquaculture 262, 419–425.

Antoine F.R., Wei C.I., Littell R.C. & Marshall M.R.

(1999) HPLC method for analysis of free amino acids

in fish using o-Phthaldialdehyde precolumn derivatiza-

tion. Journal of Agriculture and Food Chemistry 47,

5100–5107.

AOAC (Association of Official Analytical Chemists)

(1990) Official Methods of Analysis (15th edn), pp.

1298. AOAC, Arlington, VA, USA.

Bauer W., Prentice-Hernandez C., Borges M., Wasielesky

W. Jr. & Poerch L. (2012) Substitution of fishmeal

with microbial floc meal and soy protein concentrate

in diets for the Pacific white shrimp Litopenaeus van-

namei. Aquaculture 342–343, 112–116.

Becker K. & Makkar H. (1999) Effects of dietary tannic

acid and quebracho tannin on growth performance

and metabolic rates of common carp (Cyprinus carpio

L.). Aquaculture 175, 327–335.

Becker R., Wheeler E.L., Lorenz K., Stafford A.E., Gros-

jean O.K., Betschart A.A. & Saunders R.M. (1981) A

compositional study of amaranth grain. Journal of Food

Science 46, 1175–1180.

Brand C. & Colvin L. (1977) Compounded diets for early

postlarval Penaeus californiensis. Proceeding of the annual

meeting - World Mariculture Society 8, 811–820.

Bressani R., Elias L.G. & Garcia-Soto A. (1989) Limiting

amino acids in raw and processed amaranth grain pro-

tein from biological tests. Plant Foods for Human Nutri-

tion 39, 223–234.

Davis D.A. & Arnold C.R. (2000) Replacement of fish

meal in practical diets for the Pacific shrimp, Litope-

naeus vannamei. Aquaculture 185, 291–298.

Davis D.A., Arnold C.R. & McCallum I. (2002) Nutri-

tional value of feed peas (Pisum sativum) in practical

© 2015 John Wiley & Sons Ltd, Aquaculture Research, 1–14 11

Aquaculture Research, 2015, 1–14 Use of vegetable proteins by L. vannamei C Molina-Poveda et al.



diet formulations for Litopenaeus vannamei. Aquaculture

Nutrition 8, 87–94.

Dersjant-Li Y. (2002) The use of soy protein in aqua-

feeds. In: Avances en Nutrici�on Acu�ıcola VI. Memorias del

VI Simposium Internacional de Nutrici�on Acu�ıcola (ed. by

L.E. Cruz-Su�arez, D. Ricque-Marie, M. Tapia-Salazar,

M.G. Gaxiola-Cort�es & N. Simoes), pp. 541–558.

Canc�un, Quintana Roo, M�exico.

FAO (2011) La quinua: Cultivo milenario para contribuir a

la seguridad alimentaria mundial, pp. 55. Regional Office

for Latin America and the Caribbean, La Paz, Bolivia.

FAOSTAT (2011) Available at: http://faostat.fao.org/site/

567/DesktopDefault.aspx?PageID.567#ancor (accessed

10 August 2014).

Foster J.R. & Gabbot P.A. (1971) The assimilation of nutri-

ents from compounded diets by the prawns Palaemon

serratus and Pandalus platyceros. Journal of Marine Biolog-

ical Association of the United Kingdom 51, 943–961.

Fox J.M., Lawrence A.L. & Li-Chan E. (1995) Dietary

requirements for lysine by juvenile Penaeus vannamei

using intact and free amino acid sources. Aquaculture

131, 279–290.

Fox J.M., Lawrence A.L., Patnaik S., Forster I., Ju Z.Y. &

Dominy W. (2010) Estimation of feed level of methion-

ine by Litopenaeus vannamei (Boone) using covalently-

attached and crystalline sources in low-protein

semi-purified diets. In: Avances en Nutrici�on Acu�ıcola X.

Memorias del X Simposium Internacional de Nutrici�on

Acu�ıcola (ed. by L.E. Cruz-Su�arez, D. Ricque-Marie, M.

Tapia-Salazar, M.G. Nieto-L�opez, D.A. Villareal-Cavazos

& D. Gamboa), pp. 232–249. San Nicol�as de la Garza,

Monterrey, M�exico.

Fox J.M., Davis D.A. & Lawrence A.L. (2011) Evaluation

of methionine supplements and their use in grain-

based feeds for Litopenaeus vannamei. Journal of the

World Aquaculture Society 42, 676–686.

Francis G., Makkar H.P.S. & Becker K. (2001) Antinutri-

tional factors present in plant-derived alternate fish

feed ingredients and their effects in fish. Aquaculture

199, 197–227.

Guti�errez-Espinosa M.C., Yossa-Perdomo M.I. & V�asquez-

Torres W. (2011) Apparent digestibility of dry matter,

protein and energy regarding fish meal, poultry by-

product meal and quinua for Nile tilapia, Oreochromis

niloticus. Orinoquia 15, 169–179 (in Spanish with

abstract in English).

Hanel R., Broekman D., de Graaf S. & Schnack D. (2007)

Partial replacement of fishmeal by liophylized powder

of the microalgae Spirulina platensis in Pacific white

shrimp diets. The Open Marine Biology Journal 1, 1–5.

Harter T., Buhrke F., Kumar V., Focken U., Makkar

H.P.S. & Becker K. (2011) Substitution of fish meal by

Jatrofa curcas kernel meal: effects on growth perfor-

mance and body composition of white leg shrimp

(Litopenaeus vannamei). Aquaculture Nutrition 17, 542–

548.

Hejgaard J., Dam J., Petersen L.C. & Bjørn S.E. (1994)

Primary structure and specificity of the major serine

proteinase inhibitor of amaranth (Amaranthus caudatus

L.) seeds. Biochimica et Biophysica Acta 1204, 68–74.

Jacobsen S.E. (2003) The Worldwide Potential for Quinoa

(Chenopodium quinoa Willd.). Food Reviews International

19, 167–177.

Joslyn M.A. & Goldstein J.L. (1964) Astringency of fruits

and fruit products in relation to phenolic content.

Advances in Food Research 13, 179–217.

Ju Z.Y., Forster I.P. & Dominy W.G. (2009) Effect of sup-

plementing two species of marine algae or their frac-

tions to a formulate diet on growth, survival and

composition of shrimp (Litopenaeus vannamei). Aquacul-

ture 292, 237–234.

Koziol M.J. (1992) Chemical composition and nutritional

evaluation of quinoa (Chenopodium quinoa Willd.). Jour-

nal of Food Composition and Analysis 5, 35–68.

Lan C.C. & Pan B.S. (1990) Effect of substrate on prote-

olytic enzyme activities of midgut gland of grass

shrimp (P. monodon). Journal of the Chinese Agricultural

Chemical Society 29, 33–42.

Lehman J. (1988) Carbohydrates of amaranth. Legacy 1,

4–8.

Lim C. (1996) Substitution of cottonseed meal for marine

animal protein in diets for Penaeus vannamei. Journal

World Aquaculture Society 27, 402–409.

Lim C. & Dominy W. (1990) Evaluation of soybean meal

as a replacement for marine animal protein in diets for

shrimp (Penaeus vannamei). Aquaculture 87, 53–63.

Lim C. & Dominy W. (1992) Substitution of full-fat soy-

beans for commercial soybean meal in diets for shrimp,

Penaeus vannamei. Journal Applied Aquaculture 3, 35–

45.

Lim C., Beames R.M., Eales J.G., Prendergast A.F.,

Mclesse J.M., Shearer K.D. & Higgs D.A. (1997) Nutri-

tive values of low and high fibre canola meals for

shrimp (Penaeus vannamei). Aquaculture Research 3,

269–279.

Lorenz K. & Wright B. (1984) Phytate and tannin con-

tent of amaranth. Food Chemistry 14, 27–34.

Mart�ınez-Rocha L., Gamboa-Delgado J., Nieto-L�opez M.,

Ricque-Marie D. & Cruz-Suarez L.E. (2012) Incorpora-

tion of dietary nitrogen from fish meal and pea meal

(Pisum sativum) in muscle tissue of Pacific white

shrimp (Litopenaeus vannamei) fed low protein com-

pound diets. Aquaculture Research 44, 847–859.

Mbahinzireki G.B., Dabrowski K., Lee K.-J., El-Saidy D. &

Wisner E.R. (2001) Growth, feed utilization and body

composition of tilapia (Oreochromis sp.) fed with cotton-

seed meal-based diets in a recirculating system. Aqua-

culture Nutrition 7, 189–200.

McGinnis A.J. & Kasting R. (1964) Colorimetric analysis

of chromic oxide to study food utilization and con-

sumption of food by phytophagous insects. Journal of

Agricultural and Food Chemistry 12, 259–262.

© 2015 John Wiley & Sons Ltd, Aquaculture Research, 1–1412

Use of vegetable proteins by L. vannamei C Molina-Poveda et al. Aquaculture Research, 2015, 1–14

http://faostat.fao.org/site/567/DesktopDefault.aspx?PageID.567#ancor
http://faostat.fao.org/site/567/DesktopDefault.aspx?PageID.567#ancor


Mente E., Coutteau P., Houlihan D., Davidson I. & Sorge-

loos P. (2002) Protein turnover, amino acid profile

and amino acid flux in juvenile shrimp Litopenaeus van-

namei: effects of dietary protein source. The Journal of

experimental Biology 205, 3107–3122.

Molina-Poveda C. & Morales M.E. (2004) Use of a mix-

ture of barley-based fermented grains and wheat glu-

ten as an alternative protein source in practical diets

for Litopenaeus vannamei (Boone). Aquaculture Research

35, 1158–1165.

Molina-Poveda C., Lucas M. & Jover M. (2013) Evalua-

tion of the potential of Andean lupin meal (Lupinus

mutabilis Sweet) as an alternative to fish meal in juve-

nile Litopenaeus vannamei diets. Aquaculture 410–411,

148–156.

Molina-Poveda C., Lucas M. & Jover M. (2014) Utilization

of corn gluten meal as a protein source in the diet of

white shrimp Litopenaeus vannamei. Aquaculture Nutri-

tion 21, 824–834.

Montero-Quintero K., Molina E. & S�anchez-Urdaneta A.B.

(2011) Chemical composition of Amaranthus dubius: an

alternative for human and animal feeding. Revista Fac-

ultad Agronomia (LUZ) 28, 619–627.

NRC (National Research Council) (2011) Nutrient

Requirements of Fish and Shrimp, pp. 376. National

Academies Press, Washington, DC, USA.

Oujifard A., Seyfabadi J., Kenari A.A. & Rezaei M. (2012)

Growth and apparent digestibility of nutrients, fatty

acids and amino acids in Pacific white shrimp, Litope-

naeus vannamei, fed diets with rice protein concentrate

as total and partial replacement of fish meal. Aquacul-

ture 342–343, 56–61.

Pedersen B., Hallgren L., Hansen I. & Eggum B.O. (1987)

The nutritive value of amaranth grain (Amaranthus

caudatus) 2. As a supplement to cereals. Plant Foods for

Human Nutrition 36, 325–334.

Pedersen B., Kalinowski L.S. & Eggum B.O. (1987) The

nutritive value of amaranth grain (Amaranthus cauda-

tus) 1. Protein and minerals of raw and processed

grain. Plant Foods for Human Nutrition 36, 309–324.

Peralta E., Maz�on N., Murillo A., Villacr�es E., Rivera M.

& Subia C. (2009) Catalogo de variedades mejoradas

de granos andinos: Chocho, Quinua y Amaranto, para

la sierra del Ecuador. Instituto Nacional Aut�onomo de

Investigaciones Agropecuarias, INIAP. Publicaci�on

Miscel�anea No. 151. Programa Nacional de Legumi-

nosas y Granos Andinos (PRONALEG-GA). Estaci�on

Experimental Santa Catalina, INIAP, Quito, Ecuador,

24 pp.

Ranhotra G.S., Gelroth J.A., Glaser B.K., Lorenz K.J. &

Johnson D.L. (1993) Composition and protein nutri-

tional quality of quinoa. Cereal Chemistry 70, 303–

305.

Repo-Carrasco R., Espa~na C. & Jacobsen S.E. (2001)

Valor nutricional y usos de la quinua (Chenopodium

quinoa) y de la ka~niwa (Chenopodium pallidicaule). In:

Memorias Primer Taller Internacional sobre Quinua -

Recursos Gen�eticos y Sistemas de Producci�on (ed. by S.-E.

Jacobsen & Z. Portillo), pp. 391–400. 10–14 May

2001. UNALM, Lima, Per�u.

Ricque-Marie D., Nieto-L�opez M., Tapia-Salazar M., Gua-

jardo-Barbosa C., Villareal-Cavazos D., Pe~na-Rodriguez

A. & Cruz-Su�arez L.E. (2008) M�etodos utilizados por la

Universidad Autonoma de Nuevo Leon para determi-

nar la digestibilidad in vivo en camar�on. In: Manual de

metodolog�ıas en digestibilidad “in vivo e in vitro” para

ingredientes y dietas para camar�on (ed. by L.E. Cruz-

Su�arez, H. Villareal-Colmenares, M. Tapia-Salazar, M.

Nieto-L�opez, D. Villareal-Cavazos & D. Ricque-Marie),

pp. 48–77. Universidad Aut�onoma de Nuevo Le�on,

Nuevo L�eon, M�exico.

S�a M.V.C., Sabry-Nieto H., Cordeiro-Junier E. & Nunes

A.J.P. (2012) Dietary concentration of marine oil affect

replacement of fish meal by soy protein concentrate in

practical diets for the white shrimp, Litopenaeus van-

namei. Aquaculture Nutrition 19, 199–210.

Shiau S.Y. (2008) Use of animal by-products in crus-

tacean diets. In: Alternative protein sources in aquacul-

ture diets (ed. by C. Lim, C. Webster & C.-S. Lee), pp.

133–161. The Haworth Press, New York, USA.

Siccardi A.J. III (2006) Daily digestible protein and

energy requirements for growth and maintance of sub-

adult pacific white shrimp (Litopenaeus vannamei). PhD

dissertation. Texas A&M University, College Station,

TX 128pp.

Sookying D. & Davis D.A. (2011) Pond production of

Pacific white shrimp (Litopenaeus vannamei) fed high

levels of soybean meal in various combinations. Aqua-

culture 319, 141–149.

Souza D., Fernandes P., Silva F.M., Lemos D., Bezerra L.

& Souza R. (2009) Digestive peptidases and proteinases

in the midgut gland of the pink shirmp Farfantepenaeus

paulensis (Crutacea, Decapoda, Penaeidae). Aquaculture

Research 40, 861–870.

Su�arez J.A., Gaxiola G., Mendoza R., Cadavid S., Garcia

G., Alanis G., Su�arez A., Faillace J. & Cuzon G. (2009)

Substitution of fish meal with plant protein sources

and energy budget for white shrimp Litopenaeus van-

namei (Boone, 1931). Aquaculture 289, 118–123.

Sudaryono A., Tsvetnenko E. & Evans L.H. (1999) Evalu-

ation of potential of lupin meal as an alternative to fish

meal in juvenile Penaeus monodon diets. Aquaculture

Nutrition 5, 277–285.

Tacon A.G.J. & Metian M. (2008) Global overview on the

use of fish meal and fish oil in industrially com-

pounded aquafeeds: trends and future prospects. Aqua-

culture 285, 146–158.

Venero J.A., Davis D.A. & Lim C. (2008) Use of plant

protein sources in crustacean diets. In: Alternative

Protein Sources in Aquaculture Diets (ed. by C. Lim, C.

Webster & C.-S. Lee), pp. 163–203. The Haworth

Press, New York, USA.

© 2015 John Wiley & Sons Ltd, Aquaculture Research, 1–14 13

Aquaculture Research, 2015, 1–14 Use of vegetable proteins by L. vannamei C Molina-Poveda et al.



Virk P. & Saxena P.K. (2003) Potential of Amaranthus

seeds in supplementary feed and its impact on growth

in some carps. Bioresource Technology 86, 25–27.

Xie F., Zeng W., Zhou Q., Wang H., Wang T., Zheng C.

& Wang Y. (2012) Dietary lysine requirements of juve-

nile Pacific white shrimp, Litopenaeus vannamei. Aqua-

culture 358–359, 116–121.

Ye J.D., Wang K., Li F.D., Sun I.Z. & Liu X.H. (2011)

Incorporation of a mixture of meat and bone meal,

poultry by-product meal and corn gluten meal as a

replacement for fish meal in practical diets of Pacific

white shrimp Litopenaeus vannamei at two dietary pro-

tein level. Aquaculture Nutrition 17, 337–347.

Ye J.D., Liu X.H., Kong J.H., Wang K., Sun I.Z., Zhang

C.X., Zhai S.W. & Song K. (2012) The evaluation of

practical diets on a basis of digestible crude protein,

lysine and methionine for Litopenaeus vannamei. Aqua-

culture Nutrition 18, 651–661.

Zar J.H. (1999) Biostatiscal Analysis (4th edn), pp. 663.

Prentice-Hall, Upper Saddle River, NJ, USA.

Zhou Q.C., Zeng W.P., Wang H.L., Wang T., Wang Y.L.

& Xie F.J. (2012) Dietary arginine requirement of juve-

nile Pacific white shrimp, Litopenaeus vannamei. Aqua-

culture 364–365, 252–258.

Zhou Q.C., Wang Y.L., Wang H.L. & Tan B.P. (2013)

Dietary threonine requirements of juvenile Pacific

white shrimp, Litopenaeus vannamei. Aquaculture 392–

395, 142–147.

© 2015 John Wiley & Sons Ltd, Aquaculture Research, 1–1414

Use of vegetable proteins by L. vannamei C Molina-Poveda et al. Aquaculture Research, 2015, 1–14


