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Abstract

This study evaluated the suitability of commercially produced fermented corn pro-

tein concentrate (FCPC) known asMOTIV® (Cargill’s IP Product), in replacing fishmeal

(FM) and/or poultry by-productmeal (PBM) on growth and health performances of the

Pacific white shrimp Litopenaeus vannamei. A 60-day feeding trial was conducted to

evaluate the use of five iso-nitrogenous and iso-lipidic diets containing 0% FCPC (con-

trol), 7.5%FCPCand1.5%Krillmeal (KM) replacing9%ofFM(FCPC1), 7.5%FCPCand

1%KMreplacing2%poultryby-productmeal (PBM)and6.5%FM(FCPC2), 7.5%FCPC

replacing3.5%PBMand4%FM(FCPC3) and7.5%FCPCto replace7.5%PBM(FCPC4)

on growth performance, total haemocytes count, lysozyme activity, body composition,

resistance on acute salinity change, total number of bacteria and histomorphological

condition of the hepatopancreas of Pacific white shrimp Litopenaeus vannamei. At the

end of the growth trial, the dietary treatments significantly affect the growth perfor-

mance of shrimp with better growth obtained in shrimp treated with FCPC 1 and 4

compared to the control treatment. For the non-specific immune system, the inclusion

of FCPC had significantly improved the lysozyme activity of L. vannamei but no signif-

icant effect to the total haemocytes counts. Total numbers of bacteria were lower in

the hepatopancreas of shrimp fed on FCPC diets compared to the control treatment.

In addition, FCPCdiets increased survivability of shrimpacute salinity stress compared

to the control group. Our findings suggested that FCPC could be used as an alternative

for a sustainable approach to replace FM and/or PBM in shrimp diets to have better

growth as well as enhancing stress resistances and increasing antibacterial responses

of shrimp through enhancing the lysozyme activities in L. vannamei
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1 INTRODUCTION

Nowadays, Pacific white shrimp Litopenaeus vannamei is one of the

aquaculture commodities that has a significant increase in market

demand, production growth and also has a fairly good level of prof-

itability if maintained with proper management system (Ariadi et al.,

2019; Karim et al., 2014;Martinez-Cordero & Leung, 2004; Rego et al.,

2017). According to FAO (2020) production of L. vannamei accounted

for 52.9% of crustacean aquaculture in 2018 and rapidly expanded

from 2.64million tons in 2010 to 4.96million tons in 2018. Technically,

the positive trend was also driven by technology, including the breed-

ing technology (Argueet al., 2002;Wanget al., 2019;Xionget al., 2011),

development of biofloc and green water technology (Arantes et al.,

2017; Chithambaran et al., 2017), feedmanagement system (Reis et al.,

2020; Silva et al., 2019), biosecurity technology (Lightner, 2005; Moss

et al., 2012) and raise awareness about sustainability in shrimp produc-

tion system (Lebel et al., 2010; Lebel et al., 2016). All these technologies

and innovations could optimise the seed quality, growth, survival rates

and culture environments of L. vannamei, thus reducing uncertainty in

the production system.

As shrimp production continues to grow, so does the requirement

for sustainable practical diet that could have beneficial impacts on

growth and intestinal health of shrimp but do not deplete the natural

resources (Colombo&Turchini, 2021; Jackson, 2012;Novriadi&Davis,

2018). Historically, FM has been considered as the preferred protein

source for the aquafeed because of its nutrient characteristics as the

excellent source of essential amino acid, fatty acid, vitamins, mineral,

palatability and lack of anti-nutritional factors (ANFs) (Davis & Arnold,

2000). However, concerns on environmental sustainability, biodiver-

sity and natural resources have pushed the industry and scientists in

innovation and development of FMalternatives allowing increased lev-

els of plant-based proteins (Lim&Dominy, 1990; Sookying et al., 2013),

including the co-products from corn milling industry (Guo et al., 2019;

Qiu et al., 2017; Rhodes et al., 2015; Sookying & Davis, 2011). The

use of co-products from corn milling industry, either produced by wet

milling or dry-grind processing, getting popular since they havemoder-

ate level of protein and lipid aswell as no anti nutritional factors (ANFs)

contained in the final product (Regost et al., 1999). Thewet-milling pro-

cess separates the corn into starch, protein, germ, oil and fibre fraction.

The corn-endosperm containing protein is separated to make the corn

gluten meal (CGM) by-product and contain with high protein (∼60%)

and rich in Vitamins B and E (Navarro et al., 2016). In shrimp feed for-

mulation, CGM increasingly used as an ingredient in combination with

other plant protein source, such as soybean meal and rendered ani-

mal product to reduce the inclusion level of FM (Amaya et al., 2007).

However, the solely use of CGM to partially and completely replace

FM in the diet cause deterioration in shrimp growth performance. As

the levels of CGM increases to replace the use of FM, the shrimp show-

ing significantly lower specific growth rates compared to the control

treatment due to lack of lysine and methionine as well as low protein

digestibility and reduced palatability. Therefore, innovative advance

processing process could be implemented to enhance the nutritional

properties of co-products from cornmilling process.

One of the advance products from corn protein source, which has

better nutritional profile than CGM is corn protein concentrate (CPC).

According toGalkanda-Arachchige et al. (2021), CPC is one of theman-

ufactured corn protein source originating from the endosperm after

removal of themajority of non-protein components by enzymatic solu-

bilisation of the protein stream obtained from the wet milling process.

However, due to the inconsistency results when incorporating CPC in

shrimp diet (Zhou et al., 2014), better productivity could be achieved

by using more advanced technology to produce ingredients that has

superior nutritional profile and closer to the natural diet of Shrimp L.

vannamei. Recently, Galkanda-Arachchige et al. (2021) reported about

the use of fermented corn protein concentrate (FCPC) as the latest

corn-based ingredients with high protein content (∼ 69.10%), low fibre

and contain probiotic properties to replace the use of FM in the prac-

tical diets of shrimp L. vannamei. However, the effect of complete sub-

stitution of FM and partial substitution of FM and poultry by-product

meal (PBM) with FCPC with or without krill meal (KM) on the growth

and health status of shrimp L. vannamei has not yet been studied.

Therefore, the purpose of this study was to determine the effect of

FCPC in combination with or without KM to completely and partially

replace the FM and/or PBM on growth performance, body composi-

tion, total haemocytes, lysozyme activity, intestinal microbiota analy-

sis, tolerance to acute salinity changes and histomorphological condi-

tion of Pacific white shrimp Litopenaeus vannamei.

2 MATERIALS AND METHODS

2.1 Diet preparation

All test diets were formulated to be iso-nitrogenous and iso-lipidic

(40% protein and 6% lipid). In this growth trial, basal diet was designed

with poultry by-product meal (PBM), soybean meal (SBM), fishmeal

(FM) and wheat flour (WF) as the primary ingredients. The control

diet was designed based on similar approach in Indonesia market by

utilising 25%, 20%, 9% and 32.5% of SBM, PBM, FM and WF, respec-

tively. Four experimental diets were formulated to include the use of

fermented corn protein concentrate (FCPC,MOTIV®, Cargill Starches,

Sweeteners and Texturizers, Cargill, Inc., Blair, NE, USA) to partially

replace the use of animal meal. The first experimental diet was formu-

lated to contain 7.5% FCPC and 1.5% Krill meal (KM) to replace the

use of 9% of FM (designated as FCPC 1), second diet was formulated

to contain 7.5% FCPC and 1% KM to replace 2% poultry by-product

meal (PBM) and 6.5% FM (FCPC2), the third diet contain 7.5% FCPC

to replace 3.5% PBM and 4% FM (FCPC3) and the fourth experimental

dietwas designed to contain 7.5%FCPC to replace 7.5%PBM (FCPC4).

All experimental diets were prepared at the Main Center of Mari-

culture Development of Lampung (Desa Hanura, Lampung, Indonesia)

using standard procedures for making shrimp feed. Dry pellets were

crumbled, packed in sealed bags, and stored in a freezer until further

use. Proximate and amino acids (AA) profile of the diets were analysed

at Saraswanti IndoGenetech Laboratory (Bogor,West Java, Indonesia)

and summarised in Tables 1 and 2, respectively.
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TABLE 1 Composition (% as is) of diets consisting of fermented corn protein concentrate in commercial diet formulation to replace fishmeal
and poultry meal and fed to L. vannamei for 60 days

Ingredient Control FCPC1a FCPC2b FCPC3c FCPC4d

High-quality wheat flour1 32.5 30.5 30.84 30.65 30.7

Soybeanmeal1 25 25 25 25 25

Poultry by-product meal1 20 20 18 16.5 12.5

High-fat Krill meal3 0 1.5 1 0 0

Fermented corn protein concentrate4 0 7.5 7.5 7.5 7.5

Fishmeal1 9 0 2.5 5 9

Tuna hydrolysate1 2 2 2 2 2

Squid liver powder (Korea)1 7 7 7 7 7

Soya lecithin1 1.3 1.5 1.5 1.5 1.5

Fish oil1 0.9 1.25 1.2 1.2 1.25

MCP1 0.4 1.41 1.2 1.47 1.5

CaCO3
5 0 0 0

Cholesterol5 0 0.01 0.01 0.02 0.02

L-lysine HCl5 0.06 0.3 0.25 0.18 0.1

DL-methionine5 0.3 0.35 0.35 0.34 0.3

L-threonine5 0.12 0.21 0.18 0.17 0.13

Mineral premix6 0.5 0.5 0.5 0.5 0.5

Vitamin premix7 0.5 0.5 0.5 0.5 0.5

Choline chloride8 0.2 0.25 0.25 0.25 0.28

Anti-mould5 0.12 0.12 0.12 0.12 0.12

Stay C–355 0.1 0.1 0.1 0.1 0.1

Formulation cost (IDR) 12,312 12,138 12,252 12,270 12,646

Formulation cost (USD)* 0.8601 0.8479 0.8558 0.8571 0.8834

FCPC1 = fermented corn protein concentrate 1; FCPC2 = fermented corn protein concentrate 2; FCPC3 = fermented corn protein concentrate 3;

FCPC4= fermented corn protein concentrate 4.
1PT. Pundi Kencana, Cilegon, Jawa Barat, Indonesia.
2FKSMulti Agro Tbk, Jakarta, Indonesia.
3AKER BIOMARINE.
4MOTIV®, Cargill Starches, Sweeteners and Texturizers, Blair, NE, USA.
5Bright International, Jakarta, Indonesia.
6Cobalt chloride, 0.004; cupric sulphate pentahydrate, 0.550; ferrous sulphate, 2.000; magnesium sulphate anhydrous, 13.862; manganese sulphate mono-

hydrate, 0.650; potassium iodide, 0.067; sodium selenite, 0.010; zinc sulphate heptahydrate, 13.193; alpha-cellulose, 69.664.
7L-ascorbyl-2-polyphosphate 35% active C; thiamine HCl, 4.95; riboflavin, 3.83; pyridoxine HCl, 4.00; Ca pantothenate, 10.00; nicotinic acid, 10.00; Bio n,

0.50; folic acid, 4.00; cyanocobalamin, 0.05; inositol, 25.00; vitamin A acetate (500,000 IU/g), 0.32; vitamin D3 (1,000,000 IU/g), 80.00; menadione, 0.50;

alpha-cellulose, 856.81.
8PT. Agri Permata, Jakarta, Indonesia.

*Exchange rate on January 11, 2022with US$ 1= IDR 14.315.

2.2 Growth trial

The growth trial was conducted in a semi-closed recirculation system

at the Marine Science Techno Park, Diponegoro University (Jepara,

Central Java, Indonesia), according to the animal care policy. Water

quality was maintained by recirculation through vertical sand filter

(Dab Pumps S.p.A., Mestrino, Italy). Dissolved oxygen was maintained

near saturation using air stones in each culture tank and the sump

tank using a common airline connected to a regenerative blower. A

total of 750 Pacific white shrimp post larvae (PL) were obtained from

PT. Riz Samudera (Jepara, Central Java, Indonesia) and acclimatised

to the culture system. PL were fed with the commercial feed (Feng

Li™, Matahari Sakti, Surabaya, East Java, Indonesia) for three weeks

until they reached the suitable size. Shrimp with initial mean weight of

1.01± 0.04 gwere then randomly distributed into 50 tankswith size of

70 × 35 × 40 cm (98 L per aquaria tank) and connected to a common

reservoir tank (3000 L). Ten replicate groups of shrimp were admin-

istered different types of experimental diets using nutrition research

standardprotocol for60days and fedbyhand four timesdaily, at 07:00,

11:00, 15:00 and 20:00 h. Based on our historic results, feed inputs

were pre-programmed assuming the normal growth of shrimp and feed

conversion ratio of 1.5. Daily allowances of feed were adjusted based
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TABLE 2 Proximate, calories and amino acid (AA) composition (%
as is, dry matter basis) of experimental diets utilised in the trial

Diet code

Control FCPC1 FCPC2 FCPC3 FCPC4

Proximate analyses (%, as is)*

Protein content 40.17 42.41 41.87 41.60 41.66

Fat content 6.30 6.37 6.26 6.12 6.10

Moisture 4.93 5.40 4.68 5.37 6.49

Crude fibre 0.64 0.76 1.49 1.94 0.57

Calories (kcal/100 g)*

Calories from fat 56.70 57.33 56.34 55.08 54.90

Total calories 391.10 371.85 377.62 370.72 363.86

Amino acid profile (%, as is)*

Serine 2.25 2.37 2.29 2.30 2.20

Glutamic acid 6.18 6.83 6.50 6.32 6.36

Phenylalanine 2.20 2.80 2.40 2.35 2.29

Isoleucine 1.63 1.73 1.73 1.61 1.64

Valine 1.93 2.04 2.02 1.88 1.90

Alanine 2.03 2.21 2.17 2.09 2.14

Arginine 2.82 2.99 2.73 2.64 2.60

Glycine 3.15 3.07 2.94 2.85 2.70

Lysine 2.30 2.39 2.35 2.24 2.34

Aspartic acid 2.85 2.94 2.76 2.64 2.76

Leucine 2.94 3.47 3.47 3.36 3.37

Tyrosine 1.25 1.59 1.35 1.38 1.39

Proline 2.60 2.87 2.79 2.75 2.63

Threonine 2.01 2.16 2.05 2.02 1.96

Histidine 1.15 1.28 1.19 1.10 1.15

Cysteine/cystine 0.26 0.31 0.34 0.25 0.22

Methionine 0.70 0.74 0.74 0.74 0.76

Tryptophan 0.34 0.32 0.33 0.31 0.33

*Analysis conducted by the Saraswanti Indo Genetech Laboratory, Bogor,

West Java, Indonesia.Website www.siglaboratory.com.

on observed feed consumption, weekly counts of the shrimp and mor-

tality. Uneaten feed, faeces andmoults were removed by siphoning the

aquaria tank prior to the first feeding. At the conclusion, shrimp were

groupweighed and final biomass (g), final meanweight (g), survival (%),

percentage weight gain (PWG, %), feed conversion ratio and thermal

growth coefficient were determined.

2.3 Water quality and growth sampling

For water quality analysis: pH, dissolved oxygen (DO), water tempera-

ture and salinity were monitored twice daily (08:00 and 16:00) using a

multi-parameter water checker (HACH, HQ40D, Loveland, CO). Total

ammonia-nitrogen (NH3-N) and nitrate-nitrogen (NO3-N) were mea-

suredonce in aweekusing Indophenolmethodand spectrophotometry

method (Perkin Elmer, Lambda XLS, USA), respectively. Total counts of

bacteria in thewaterweremeasuredusingTryptic soy agar (TSA;Difco)

as a non-selective medium to prepare the culture medium. A subsam-

ple of 1 ml water was mixed with 9 ml sterile PBS solution to prepare

a 10–1 dilution. Then, subsequent serial dilutions were prepared from

10–2 to10–5. The spreadplatemethodwas used to enumerate the total

bacterial counts as CFU ml–1. For total counts of Vibrio sp within the

culture environment, 0.1mlwater ofwaterwas spread on thiosulphate

citrate bile salt (TCBS; Oxoid) agar and measured after 48 h at 28◦C.

All equipment and chemicals used in the enumeration process were

sterilised properly prior to use. All water quality parameters including

total counts of bacteria and Vibrio sp were conducted at theMain Cen-

ter for Brackishwater AquacultureDevelopment (Jepara, Central Java,

Indonesia). At the end of feeding period, all shrimp were grouped and

individually weighed to calculate the final biomass, final mean weight

(FMW), percentage of weight gain (PWG), feed conversion ratio (FCR),

percentage survival (SR) and thermal unit growth coefficient (TGC) as

follows:

PWG =
(average individual final weight − average individual initial weight)

(average individual initial weight)
× 100,

FCR =
feed given (g)

alive weigh gain (g)
,

SR =
final number of shrimp
initial number of shrimp

× 100,

TGC =
FMW1∕3 − IBW1∕3

∑T
D

× 100,

where FMW is final mean weight, IBW is initial body weight, T is water

temperature (◦C) andD is number of trial days.

2.4 Body composition analysis

Twenty shrimp from each treatment were randomly sampled at the

end of the trial and stored at –80◦C for body composition analy-

sis. Prior to proximate, energy and amino acid analysis, dried whole

shrimp were rigorously blended and chopped in a mixer according to

methods described by Association of Official Analytical Chemists. All

parameters were analysed at the Saraswanti Indo Genetech Labora-

tory (Bogor,West Java, Indonesia).

2.5 Total haemocytes count

At the end of growth trial, haemolymph was sampled from one

shrimp per tank or ten shrimp per treatment and total haemocytes

count was determined. Haemolymph (100 µl) of individual shrimp

was withdrawn from the pleopod base of the second abdominal seg-

ment with a sterile 1-ml syringe (25 G × 13 mm needle) contain-

ing 100 µl pre-cooled (4◦C) anti-coagulant solution (trisodium citrate

30 mM, NaCl 0.34 M, EDTA 10 mM, pH 7.55,). The haemolymph with

http://www.siglaboratory.com
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anti-coagulant solutionwas diluted in 150 µl of formaldehyde (4%) and

then 20 µl was placed on a haemocytometer (Neubauer) to determine

the total haemocyte count (THC) using an optical microscope (Olym-

pus, DP72).

2.6 Lysozyme activity analysis

Lysozyme activity was measured by using a lysozyme detection kit

(Sigma-Aldrich, Cat. no. LY0100) according to the manufacturer’s

instructions. The results of lysozyme activity were defined by the lysis

of the Micrococcus lysodeikticus cells. The reactions were conducted

at 25◦C and absorbance at 450 nm was measured on the ultravio-

let/visible spectrophotometer (Perkin Elmer, Lambda XLS, USA).

Lysozyme activity

(
Units
ml

)

=
(𝛿A450∕min Test − 𝛿A450∕minBlank) (df)

(0.001) (0.03)
,

where df= dilution factor, 0.001=ΔA450 as per the unit definition and

0.03=Volume (in ml) of enzyme solution.

2.7 Hepatopancreas microbiological analysis

Tryptic soy agar (TSA; Difco) as a non-selective medium was used for

total count of bacteria analysis. The hepatopancreas of shrimp were

collected, homogenised and serially diluted with sterile PBS Solution.

Suspension (0.1 ml) was spread in triplicate on sterile TSA (with 1%

w/v NaCl) to obtain the colony forming unit (CFU) per gram of sample

(CFU g–1), which wasmeasured after 24 h at 28◦C.

2.8 Acute salinity change analysis

At the end of the growth trial, 24 shrimp per treatment were

selected for acute salinity changeanalysiswith salinity decreasing from

30 ‰ to 0 ‰. The shrimp were distributed into four tanks (6 shrimp

tank–1) and left for 60 and 120 min at 0 ppt. The number of survivors

were carefully monitored and mortality was recorded after 60 min

(P1H= Post 1 h) and 120min (P2H= Post 2 h) immersed in freshwater

(0‰).

2.9 Histology

Histological analysis was carried out to the hepatopancreas section

of the shrimp. The section of approximately 0.5 cm immediately

fixed in Bouin’s solution (picric acid-formalin-acetic acid mixture,

Ricca Chemical, Arlington, TX, USA) for 20 h at room temperature

and then transferred to 70% ethanol solution (VWR, Radnor, PA,

USA) until processed by standard histological analysis procedures.

Samples were dehydrated through a standard ethanol series to 100%,

embedded in paraffin wax and sectioned at 4 µm intervals for staining

with haematoxylin-eosin (H&E) stain (Merck, Darmstadt, Germany).

Double-blinded evaluations with a grading system of 1 (healthy) to 5

(degraded)wereused to evaluate thehepatopancreas condition.Histo-

morphological images were acquired by using a microscope (Olympus

BX41,OlympusOptical Co., Ltd., Tokyo, Japan)with 200magnification.

2.10 Statistical analysis

Growth parameters, proximate composition and amino acids pro-

file of the whole body, total haemocytes counts, lysozyme activities

and resistance to the acute salinity changes between dietary groups

were analysed using regression and one-way analysis of variance

(ANOVA) to determine significant differences among treatments fol-

lowed by Tukey’s multiple comparison tests to determine the differ-

ence between treatment means in each trial. Score data for histomor-

phological condition of the hepatopancreas of the shrimpwere treated

as categorical data, tested for normality andhomoscedasticity and sub-

sequently analysed using linear regression model. All statistical analy-

ses were conducted using SAS system (V9.4. SAS Institute, Cary, NC,

USA).

3 RESULTS

3.1 Water quality

Table 3 indicates that water quality data (mean ± standard devia-

tion), including temperature, D.O., salinity and pH were maintained at

28.89 ± 0.23◦C, 5.72 ± 0.34 mg L–1, 30.78 ± 0.52‰ and 7.42 ± 0.27,

respectively in the morning and 28.97 ± 0.32◦C, 5.75 ± 0.36 mg L–1,

30.70 ± 0.68 ‰ and 7.43± 0.28, respectively, in the afternoon. Total

ammonia nitrogen (TAN) and nitrate-nitrogen (NO3-N) were main-

tained at 0.151 ± 0.086 and 0.664 ± 0.958 mg L–1 during the growth

TABLE 3 Overall water quality measurements during the
grow-out phase of the experiment

Parameters Unit

Analysis results

Morning Afternoon

Dissolved oxygen mg L–1 5.72 ± 0.34 5.75 ± 0.36

Temperature ◦C 28.89 ± 0.23 28.97 ± 0.32

Salinity ‰ 30.78 ± 0.52 30.70 ± 0.68

pH 7.42 ± 0.27 7.43± 0.28

Ammonia (NH3-N) mg L–1 0.151 ± 0.086

Nitrate (NO3-N) mg L–1 0.664 ± 0.958

Total bacteria CFUml–1 16.62 ± 11.81× 104

Total Vibrio sp CFUml–1 3.96 ± 2.01× 103

Note: Data were presented asmean± standard deviation (range).
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TABLE 4 Growth performance of Pacific white shrimp Litopenaeus vannamei (mean initial weight 4.24± 0.03 g) fed experimental diets for 70
days

Diet code Finalbiomass (g) Final meanweight (g) Survival(%) PWG(%) FCR TGC

Control 173.92b 12.13b 95.83 1113.60 1.80 0.0740b

FCPC1 200.92a 13.88a 96.67 1294.36 1.55 0.0802a

FCPC2 191.92ab 13.45ab 95.00 1222.10 1.61 0.0783ab

FCPC3 194.66ab 13.33ab 97.5 1245.10 1.62 0.0784ab

FCPC4 197.65a 13.77a 95.83 1251.64 1.56 0.0794ab

pValue 0.0196 0.0310 0.8545 0.1100 0.0997 0.0448

PSE 8.1279 0.5690 2.3316 67.0377 0.0972 0.0020

Note: Values represent the mean of eight replicates. Results in the same columns with different superscript letter are significantly different (p < 0.05) based

on analysis of variance followed by Tukey’s multiple comparison test

PWG= percentage weight gain; FCR= feed conversion ratio; TGC= thermal growth coefficient; PSE= pooled standard error.

trial and total bacteria and Vibrio sp were in the range of 16.62 ±

11.81× 104 and 3.96± 2.01× 103 CFUml–1 during the culture period.

3.2 Growth performance

Based on the growth performance and survival of Pacific white shrimp

L. Vannamei fed with the experimental diet presented in Table 4, the

final biomass (Bio), final mean weight (FMW), and the thermal growth

efficient (TGC)were significantly affected by the treatments (p< 0.05).

Meanwhile, the treatments did not significantly affect the survival rate

(SR), percentage weight gain (PWG) and feed conversion ratio (FCR).

At the end of growth trial, there is a significant increase on growth

performance when 7.5% fermented corn protein concentrate (FCPC)

and 1.5% of krill meal (KM) were used to replace the utilisation of fish-

meal (FM) in diet composition. The inclusion of 7.5% FCPC in combina-

tionwith 9%FMtopartially replace the inclusion of poultry by-product

meal (PBM) also provide a significant increase in biomass, FMW and

TGC of shrimp compared to control treatment. Interestingly, the use

of similar level of FCPC in combination with 1% (FCPC2) and 0% KM

(FCPC3) to partially replace FM and PBM provide similar growth with

shrimp fedwith 9% FMor control diet.

3.3 Body composition analysis

The proximate and amino acids composition of the whole body of

shrimp treatedwith experimental diets are presented in Table 5. At the

conclusion of the 60-day culture period, the dietary treatments signif-

icantly affect the crude protein, crude fat, crude fibre, ash content and

amino acid composition of the shrimp.

3.4 Total haemocytes, lysozyme activity and
microbiota analysis

Dietary treatments significantly affect the lysozyme activity of the

shrimp but not to the total haemocytes count (Figure 1). The inclusion

of 7.5% FCPCwith or without KM could enhance the lysozyme activity

of shrimp compared to control group (Figure 2). For total count of bac-

teria in the hepatopancreas of shrimp, statistically, no significant dif-

ferenceswere noted among the treatment. However, numerically, total

counts of bacteria (CFU g–1) were higher in group of shrimp fed with

control feed without any inclusion of FCPC into the formulation.

Total bacteria in the culture environment during the growth trial as

shown in Table 2 are in the range of 16.62 ± 11.81 × 104 CFU ml–1.

Hepatopancreas of shrimp is themajor digestive organ and canbedras-

tically affected by pathogens including bacteria. Based on our analysis,

the spread plate method did not indicate any significant differences in

terms of the number of bacteria in the hepatopancreas of shrimp.How-

ever, biologically, we can see that the number of bacteria in shrimp fed

with FCPC either with or without KM to partially replace the animal

meal provide the lowest number of bacteria compared to the control

treatment (Figure 3).

3.5 Acute salinity change analysis

In the next set of experiments, the effect of FCPC on the physiolog-

ical condition of shrimp L. vannamei was tested in a stress test with

zero salinity for 2 h. The results were presented in Figure 4. Here the

shrimp fedwithout FCPChad the highestmortality rates after 1 hpost-

immersion in freshwater (0‰) (P1H = post 1 h) compared to shrimp

feds with dietary FCPC. After 2 h (P2H), the mortality rate in all group

continuous to increase including the shrimp fed with FCPC. In general,

at P2H, the lowest mortality was found in the group of FCPC1 and

FCPC2, while statistically there is no significant difference in terms of

mortality rates between control, FCPC3 and FCPC4 group (p= 0.018)

3.6 Histomorphological condition at the
hepatopancreas of shrimp

Representative histological images of shrimp L. vannamei hepatopan-

creas is shown in Figure 5. After being fed with the experimental diets
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TABLE 5 Proximate and amino acids composition of whole body of shrimp

Composition Control FCPC1 FCPC2 FCPC3 FCPC4 pValue PSE

Proximate analyses (%, as is)*

Crude protein 19.3700b 20.1200b 18.3900a 19.9550b 19.8000b 0.0042 0.3706

Crude fat 1.1000b 1.3350c 1.0450b 1.1000b 0.7650a <0.0010 0.1705

Crude fibre 0.9050 0.9200 0.5750 0.8050 1.3400 <0.0010 0.1436

Ash content 1.9250d 1.6700a 1.8900 cd 1.7550b 1.8400c <0.0010 0.0539

Water content 76.3900 75.4650 76.3050 75.990 75.7900 0.2055 0.1854

Calories (kcal/100 g)*

Calories from fat 9.900b 9.0150b 9.4050b 9.9000b 6.8850a <0.0010 1.5314

Total calories 92.2400a 93.1350ab 92.4450a 94.5200b 93.3050a 0.0332 1.1273

Amino acids composition (g kg–1)*

Serine 8.2513e 7.0025b 6.8340a 7.5786d 7.4066c <0.0010 0.2873

Glutamic acid 27.9091b 28.4077c 28.9999d 27.5686a 28.6116c <0.0010 0.2977

Phenylalanine 9.7444c 8.4950b 8.5588b 11.8074d 8.2502a <0.0010 0.7652

Isoleucine 7.5002c 7.4845c 7.2505b 7.1334a 7.3039b <0.0010 0.0819

Valine 8.1693c 8.1263c 7.7922a 7.7302a 7.9439b <0.0010 0.1021

Alanine 13.1182b 13.8949d 13.9670d 12.8070a 13.4838c <0.0010 0.2584

Arginine 16.8079b 14.1459a 14.1479a 17.4760c 14.0534a <0.0010 0.8661

Glycine 17.5893d 14.9802b 14.6504a 16.6498c 14.6419a <0.0010 0.6948

Lysine 12.3242d 12.7585e 11.1439b 9.7889a 11.7181c <0.0010 0.5986

Aspartic acid 15.7424a 16.1423a 16.2271b 16.5633c 16.8067d <0.0010 0.2129

Leucine 14.2467c 14.1970c 13.8150b 13.7624b 13.5918a <0.0010 0.1488

Tyrosine 7.4540d 6.3409b 6.6017c 9.10123 6.2301a <0.0010 0.6173

Proline 11.5671c 11.7089d 11.0541a 11.2292b 13.0550e <0.0010 0.4085

Threonine 9.3036c 8.2954b 8.3423b 9.2469c 7.9724a <0.0010 0.3127

Histidine 5.0265d 4.7143c 4.3339a 5.9745e 4.6370b <0.0010 0.3259

Cysteine/cystine 3.0489a 3.3011b 5.5346c 9.4867d 10.7465e <0.0010 1.8278

Methionine 3.0076b 3.2590d 2.9550a 2.9555a 3.1441c <0.0010 0.0690

Tryptophan 1.5642 cd 1.5751d 1.4637a 1.5389b 1.5563c <0.0010 0.0231

*Analysis conducted by the Saraswanti Indo Genetech Laboratory, Bogor,West Java, Indonesia.Website www.siglaboratory.com.

Note: Values represent the mean of two replicates (sample size 12–13 g shrimp–1). Results in the same row with different superscript letter are significantly

different (p< 0.05) based on analysis of variance followed by the Tukey’s multiple comparison test

for60days, shrimpexhibitedanexcessof fat in several vacuolated cells.

This vacuolation and excess fat condition were seen in shrimp fed with

FCPC1, FCPC 2 and FCPC 4.

4 DISCUSSION

In the present study, significant differences were observed in final

biomass, final mean weight and the thermal growth coefficient among

the treatments. The differences could be attributed to the addition of

fermented corn protein concentrate (FCPC,MOTIV®, Cargill Starches,

Sweeteners andTexturizers, Blair,NE,USA) in combinationwithproper

inclusion levels of animal meal in shrimp feed formulation. The highest

growth rate was shown in shrimp fed with 7.5% FCPC in combination

with 1.5% krill meal (KM) to completely replace fishmeal (FM) (FCPC1)

and 7.5% FCPC in combination with 9% FM (FCPC4) to significantly

reduce the inclusion levels of poultry by-productmeal (PBM). Recently,

Galkanda-Arachchige et al. (2021) reported the efficacy of FCPC as

the latest advance products of corn-based ingredients to maintain the

growth, FCR and survival of shrimp L. vannamei with gradual inclusion

from 4% to 15% to partially and completely replace the use of FM in

the diet. The authors suggest that the better nutritional profile with

no deficiencies in amino acids (Table 6) could be the reason for simi-

lar growth performance among shrimp fed with the experimental diets

and the basal diet (Galkanda-Arachchige et al., 2021).

Interesting tonote that inourpresent study, theuseof7.5%ofFCPC

in combination with 2.5% FM and 1% KM (FCPC2) and 7.5% FCPC in

combination with 5% FM (FCPC3) to partially replace PBM in the diet,

http://www.siglaboratory.com
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F IGURE 1 Total haemocytes count of Pacific white shrimp
Litopenaeus Vannamei (107 cell ml–1) at the end of growth trial. Values
represent themean± standard deviation of eight replicates. Results
with different superscript letter are significantly different (p< 0.05)
based on analysis of variance followed by Tukey’s multiple comparison
test

F IGURE 2 Lysozyme activity of Pacific white shrimp Litopenaeus
Vannamei (Uml–1) at the end of growth trial. Values represent the
mean± standard deviation of eight replicates. Results with different
superscript letter are significantly different (p< 0.05) based on
analysis of variance followed by Tukey’s multiple comparison test

F IGURE 3 Total number of bacteria (CFU g–1) presence at the
hepatopancreas of shrimp. Values represent themean± standard
deviation of eight replicates

F IGURE 4 Mortality (%) of Litopenaeus vannamei over 1 h
post-stress (P1H) and 2 h post-stress (P2H) in freshwater (0‰).
Values represent themean± standard deviation of four replicates.
Results with different superscript letter are significantly different
(p< 0.05) based on analysis of variance followed by Tukey’s multiple
comparison test

numerically, also provide better growth compared to the control group.

Considering thenutritional profile of FCPC, the results are in very close

agreement with Ray et al. (2020) where proper blending of concen-

trated plant-protein sources with low inclusion levels of animal meal

could providebetter growth compared to the sole useof FM.Usingbet-

ter replacement strategies that consider the nutritional profile of the

ingredients would result in important savings in feed cost. In the con-

dition of the present study, partial replacement of FMwith FCPC with

andwithout KM could reduce the formulation cost of the practical diet

(Table 1). Despite no statistical differences, the FCR in group of shrimp

fed with 7.5% FCPC either in combination with KM or FM was better

than shrimp fed with 9% FMwithout addition of FCPC (control). Look-

ing at the study results from Galkanda-Arachchige et al. (2021), grad-

ual increase of FCPC to partially and completely replace FM in prac-

tical diets of vannamei had no significant effects on FCR. The feasible

reasons with lower FCR in group of vannamei treated with FCPC in our

study could be attributed to the fermentation process that enhances

the nutritional profile and digestion of the corn products.

In a situation where shrimp right now facing serious problems with

infectious diseases and lack of true adaptive immune system (Kulka-

rni et al., 2021), the use of feed with healthy dietary ingredients that

could enhance the innate defence mechanisms based on non-specific

immune system in response to invasion of pathogen is required. As

FCPChasbeen reported to contain probiotic properties that could pro-

actively boost the disease resistance in shrimp (Galkanda-Arachchige

et al., 2021), we have investigated the total haemocytes count (THC),

lysozyme activity and the number of bacteria presence at the hep-

atopancreas of shrimp. In our study, we found no significant differ-

ences in the number of THC among the dietary treatment. This is in

agreement with Galkanda-Arachchige et al. (2021) where no signifi-

cant differences were noted in the number of THC among the shrimp

fed with FCPC to partially and completely replace the inclusion of

FM in shrimp diet. However, we noticed significant differences in the
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F IGURE 5 Representative histomorphological images from haematoxylin and eosin-stained sections of the hepatopancreas of Pacific white
shrimp Litopenaeus vannamei fed for 60 days with the experimental diet. Measurements of the vacuolation (V) were performedwith 200×
magnification. FCPC1, 7.5% FCPC+ 1.5%KM; FCPC2, FCPC 7.5%+ 1%KM; FCPC3, 7.5% FCPC to replace 3.5% PBM and 4% FM; and FCPC4,
7.5% FCPC to replace 7.5% PBM

lysozyme activity of shrimp with group of shrimp treated with FCPC

showed a higher quantitative number compared to the control group.

According toNovriadi et al. (2021), lysozymeactivitywhich is produced

by shrimp haemocytes act as an antimicrobial protein and become one

of the important element to enhance the non-specific immune system

in shrimp against pathogen. Activity of lysozyme could be increasewith

the increase of haemocytes concentrations, but it is not always the

case. Study from Burge et al. (2007) revealed that in the case of infec-

tion, haemocytes could be recruited to the site of injection early during

the course of immune response thus reducing the number of haemo-

cytes in circulation. Recently, the addition of hydrolysable tannins as

the functional ingredients in the practical diets of vannamei also pro-

duce significant increases in lysozyme activity in shrimp treated with

tannins compared to the control treatment but not for the THC (Novri-

adi et al., 2021). Based on this situation, time series analysis to quan-

tify the lysozyme expression and haemocytes counts will be necessary

to provide better understanding on how the addition of FCPC could

enhance the non-specific immune system in shrimp.
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TABLE 6 Proximate and amino acid composition (% as is) of
fishmeal (FM), krill meal (KM), fermented corn protein concentrate
(FCPC) and poultry by-product meal (PBM)

(g/100 g as is) FM1 KM2 FCPC3 PBM1

Proximate composition

Crude protein 64.98 57.00 69.10 60.48

Crude fat 8.02 25.80 3.00 8.42

Ash 12.68 2.80 6.00 19.49

Amino acids composition

Serine 2.18 4.00 3.44 1.94

Glutamic acid 7.69 12.70 15.80 7.88

Phenylalanine 2.45 4.40 4.14 2.37

Isoleucine 2.58 5.10 2.67 2.46

Valine 3.08 5.00 3.31 2.89

Alanine 3.99 5.00 5.90 3.72

Arginine 3.82 5.80 2.35 3.79

Glycine 5.11 4.50 2.00 5.05

Lysine 4.92 7.20 2.95 4.48

Aspartic acid 5.38 10.00 4.13 4.98

Leucine 4.44 7.70 10.30 4.39

Tyrosine 1.92 4.00 3.44 2.42

Proline 3.00 3.90 6.42 3.63

Threonine 2.52 4.20 2.29 2.39

Histidine 1.66 2.00 1.43 1.52

Cysteine/cystine 0.51 0.90 1.20 0.91

Methionine 1.69 2.90 1.59 1.48

Tryptophan 0.65 1.30 0.29 0.59

Note: Nutritional composition data sourced from 1Saraswanti Indo

Genetech Laboratory, Bogor, West Java, Indonesia, 2Aker Biomarine

Antarctic AS, Lysaker, Norway and 3Galkanda-Arachchige, Hussain, Davis

(2021).

Total bacteria count (CFU g–1) has been used to assess the hep-

atopancreas condition in shrimp. The present study showed that,

numerically, the number of total bacteria in the hepatopancreas

treated with FCPC is lower in the range of 1.267 ± 0.593 to 1.983 ±

1.269 × 107 CFU g–1 than the control treatment (2.700 ± 1.887 CFU

g–1).However, noexternal pathologywasobserved in the control treat-

ment and the hepatopancreas looked normal in size, colour and tex-

ture. In addition, during the acute stress test to distinguish between

healthy and weak shrimp by immersing the shrimp in water with sud-

den changes in salinity from 30.78 ± 0.52 ‰ to 0 ‰, the mortal-

ity rate of shrimp was higher in control treatment compared to the

shrimp treated with FCPC either after 1 or 2 h immersion in 0 ‰
water. According to Castille and Lawrence (1981), juvenile and adult

penaeid shrimp were capable both hypo- and hyper-osmotic regula-

tion. However, mortality may occur due to inadequate handling proce-

dures and nutritional deficiencies that lead to ineffective regulation of

osmotic balance and resistance to salinity changes in shrimp (Liu et al.,

2007). Study from Liu et al. (2007) found that proper inclusion level

of vitamin E in shrimp diet could enhance the resistance of shrimp to

acute changes in salinity. Moreover, Zheng et al. (2017) reported that

the addition of Lactobacillus plantarus significantly improved the resis-

tance of L. vannamei against the stress of acute low salinity, as indicated

by higher survival rates and increase on Prophenoloxidase (ProPO)

transcript levels. Since FCPC could enhance the non-specific immune

system of shrimp due to the probiotic properties contain in the final

product (Galkanda-Arachchige et al., 2021), better survival is possible

through the benefits derived from the FCPC.

In shrimp, hepatopancreas play significant role in synthesis and

secretion of digestive enzymes and immune molecules, absorption of

nutrients and deposition of lipids (Al-Mohanna&Nott, 1989;Dall et al.,

1990). In our study, after being fed with dietary treatments, shrimp

exhibited minor histological alterations in the hepatopancreas with an

excess of fat in several vacuolated cells, especially in shrimp fed with

FCPC 1, FCPC 2 and FCPC 4. According to Zhao et al. (2017), vacuo-

lated cells can be regarded as reliable biomarkers of toxic injury and

disrupt the detoxification functions of the hepatopancreas. Knowledge

on the inclusion effect of FCPC in the hepatopancreas of shrimp is

limited. The excess of fat in vacuolated cells in the hepatopancreas of

shrimp could also bedue to theuseofKMcontainedwith25.80%crude

fat level (Table 6) into the practical diet, and become the highest among

the ingredients used in this study. Interestingly, the vacuolated cells

only occur in hepatopancreas of shrimp treated with 1% KM (FCPC2)

and 9% FM (FCPC4), but not in shrimp fed with FCPC with low inclu-

sion levels of FM (FCPC3). Since there were no significant effects to

the growthof shrimp treatedwithFCPCcompared to the control treat-

ment, further study is needed to confirm the actual effect of FCPC to

the hepatopancreas condition and growth of the shrimp until reach the

consumption size.

5 CONCLUSION

The results of this study indicated that the inclusion of fermented corn

protein concentrate (FCPC) into the practical diets of vannamei has

significantly improved growth performance and lysozyme activity of

Pacificwhite shrimp Litopenaeus vannamei. Inclusion of FCPC improved

the resistance of L. vannamei against acute low salinity stress as well

as low number of bacteria present in the hepatopancreas. The use of

FCPC in combination with KM and FM causes an excess fat in the vac-

uolated cells of hepatopancreas in shrimp. However, the condition did

not significantly affect the growth performance of the shrimp. Never-

theless, further investigations are needed to clarify the mode of action

of FCPC to the THC and lysozyme activity expression genes in time

series analysis as well as to provide better understanding on the inclu-

sion effect of FCPC to the hepatopancreas condition and growth per-

formance of the shrimp in long-term growth trial using commercial

shrimp production system.
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