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1. Introduction 

Nutrition is one of the most important aspects that need to be considered in the aquaculture 

industry. If the feed is not consumed by the cultured organism, or if the cultured organism is not 

able to utilize the feed because of some nutrient deficiency, then there will be no growth and the 

potential of future water quality issues which could harm the organism to the point of causing 

mortalities. Furthermore, an undernourished animal is never able to maintain health and be 

productive, regardless of the quality of its environment.  

Previous trials funded by the Minnesota Corn Research and Promotion Council (MCR&PC) 

conducted in 2017, confirmed that the use of quality corn in experimental diets for shrimp cultured 

in a research system could improve shrimp growth. It was concluded that corn grain, free of 

mycotoxins, can be included into diets manufactured in the laboratory for Pacific white shrimp 

Litopenaeus vannamei as high as 30%, replacing wheat to support normal growth performance 

and be an economical alternative to the use of wheat. 

However, in practical conditions, aquaculture feeds are manufactured in large quantities in 

commercial feed mill operations. This is an important variable to be evaluated in diets containing 

corn because the manufacturing process of pellets with a different ingredient composition 

significantly impacts its physical properties and the shrimp growth performance. For such, it is 
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important to determine the performance of shrimp fed diets containing corn when these diets are 

manufactured in a commercial feed mill.  

Also, these diets should be evaluated in practical situations. In order to do that, the feeds 

formulated in a commercial feed mill should not only be evaluated in a clear water recirculating 

aquaculture system (RAS), but also in an emerging aquaculture system, Biofloc Technology 

System (BFT), which is internationally claimed to be a sustainable eco-friendly aquaculture 

method. 

Two trials were conducted to test the effect of diets containing corn manufactured in a commercial 

feed mill for shrimp production.  

The objective of the first trial was to compare the effect of extruded diets containing corn 

manufactured in a commercial feed mill vs. cold pelleted diets containing corn manufactured in a 

feed laboratory on shrimp performance. 

The objective of the second trial was to test the effect of diets containing increasing inclusion 

levels of corn manufactured in a commercial feed mill when used to feed shrimp raised in a Biofloc 

Technology Research System. 

2. Material and Methods 

A 27-day trial (Trial I) was conducted in a recirculating aquaculture research system on April, 

2018 to evaluate the effect of extruded and pelleted diets containing corn on shrimp production 

performance. 

Also, a 37-day trial (Trial II) was conducted in a Biofloc Technology research system on April, 

2019 to evaluate the effect of extruded diets containing incremental inclusion levels of corn 

manufactured in a commercial feed mill for shrimp production.  



2.1 Experimental conditions 

2.1.1 Trial I 

The experimental set consisted in thirty-six 41-L plastic tanks with two automatic 48-h feeders 

and two air stones. Tanks were filled with artificial seawater with a salinity of 28.0 ± 1.0 ppt and 

maintained at 30.0 ± 1.0oC. All tanks were connected to a recirculating aquaculture system (RAS) 

equipped with a sand filter for solid removal and bio-filter for ammonia control. Water lost due to 

evaporation was replaced weekly to maintain the target salinity. Each tank was stocked with twelve 

shrimp. 

2.1.2 Trial II 

A closed system consisting in thirty-five 40-L plastic tanks, containing an independent heater, an 

automatic 48-h feeder, and two air stones, was used in this study. Tanks were filled with artificial 

seawater with a salinity of 28.0 ± 1.0 ppt maintained at 30.0 ± 1.0oC. Water lost due to evaporation 

was replaced weekly maintaining the target salinity. All tanks were stocked with 8 L. vannamei 

juvenile shrimp with an initial mean weight of 5.9 gr. 

All tanks were operated as a zero-water exchange BFT system of two phases: autotrophic phase 

and heterotrophic phase. 

During the autotrophic phase, inorganic nitrogen is controlled via nitrification by 

chemoautotrophic bacteria. Autotrophic bacteria was promoted and maintained from the initial day 

of the trial until Imhoff cone readings reached 3 mL/L of biofloc particles (day 0-4). Only during 

the autotrophic phase, a nitrifying bacteria inoculum (Turbo Start 900, FritzZyme, Mezquite, TX, 

USA) was added to the culture water according to manufacturer recommendations. During the 



autotrophic phase, shrimp were given a mean of 3.33 g/day per tank of feed pellets and 0.037 g/L 

of fines, both formulated to contain 35% crude protein (CP) (as-fed basis).  

During the heterotrophic phase, heterotrophic bacteria assimilate the inorganic nitrogen present in 

the water and convert it into new bacterial biomass. Heterotrophic phase was promoted from the 

day that the Imhoff cone readings reached 3 mL/L of biofloc particles (see 2.5.2) until the end of 

the trial (day 5-26) by increasing the carbon:nitrogen ratio by reducing the feed protein content to 

a 23% CP (as-fed basis) and adding the prebiotics FOS, GOS, INU and MOS and the non-prebiotic 

soluble carbohydrates WSt and SUC to each experimental tank according to its treatment 

assignment. The prebiotics and non-prebiotics soluble carbohydrates were added to each 

experimental tank on feeding days, at a rate of 3% of the feed weight provided. Target alkalinity 

level was 180 and it was maintained according to the following formula: 

NaHCO3 needed per tank (g) = ((deficiency in alkalinity (mg/L) / concentration of HCO3 in 

NaHCO3 (72.646 (%); 0.72646)) × tank volume (L)) / 1,000 mg/g. 

2.2 Shrimp 

Shrimp post-larvae 13 weighing 0.003 g arrived at experimental station from a commercial 

hatchery (Shrimp Improvement Systems, SIS, Inc., Islamorada, Florida, USA) and were 

acclimated to a commercial tank of the trū Shrimp Company filled with artificial seawater of 28.0 

± 0.5 g/L salinity, at 29.0 ± 1.0oC. Shrimp were fed daily with a commercial feed (Ziegler Bros., 

Inc., Gardners, PA, USA) until reaching an appropriate size for each trial. Shrimp with no visual 

signs of disease or stress were collected and individually weighed. Eighteen tanks were stocked 

with 12 shrimp weighing 4.81 ± 0.5 gr for Trial I. In addition, eighteen tanks were stocked with 

12 shrimp weighing 6.44 gr ± 0.5 g also for Trial I. Eight shrimp weighing 5.9 ± 0.5 g were stocked 

into each experimental tank of Trial II.  



 Only group weight was recorded and mean individual weight was calculated as well as initial 

biomass based on water volume of the experimental tanks. Mortality counts and weights were 

recorded and replaced with the same size shrimp only during a 3-day acclimation period. When 

the trials started, a small net was used to carefully check for mortalities and leftover feed without 

disturbing the living organisms. Mortalities were recorded and discarded.   

2.3 Feed and feeding management 

Experimental diet formulations for used in each trial can be found in Table 1. 

For Trial I, diets containing a 0%, 20% and 40% inclusion level of corn were prepared in laboratory 

conditions using a cold extruder and in commercial conditions by a commercial feed mill (Prarie 

AquaTech; Brookings MN, USA). To prepare the cold pelleted diets, all dry ingredients were 

weighed and mixed in an industrial mixer for 15 min until a completely homogenized mixture was 

achieved. Next, fish and soybean oil were added. Extrusion was made using a meat chopper 

attachment (Model A-800, Hobart Corporation, Troy, OH, USA) fitted with a 3-mm die. Moist 

feed strands were dried on wire racks in a forced air oven at 35oC to a moisture content of 8-10%. 

After a 24-h drying period, feed was milled and sifted into the appropriate size for shrimp 

consumption, bagged, and stored at 4oC until used to feed the shrimp. The condition in which the 

commercial diets were prepared can be found in Attachment A. 

During Trial II, each tank was fed initially with a 35% crude protein (CP) for the autotrophic phase 

and then transferred to a 23% CP (Table 2) feed during the heterotrophic phase. Each diet was 

formulated to contain 0%, 10%, 20%, 30% or 40% inclusion level of corn according to the 

treatment assignment. Each diet was manufactured by the commercial feed mill (Conditions in 

Attachment A). 



 

Table 1. Experimental diet composition (%) for Trial I and II with a 35% crude protein. 

Ingredients 0CORN 10CORN 20CORN 30CORN 40CORN  

Wheat HR 11.5 33.70 23.23 11.98 0.80 0.00  

Soybean Meal 47.5  3.02L 26.92 27.42 28.64 29.91 5.68  

Fish Men 60 12.46 12.46 12.48 12.46 13.36  

Soy Protein Isolate 90% 6.28 6.28 6.29 6.28 9.97  

Poultry ML GRIF 4.49 4.49 4.49 4.49 14.96  

Monocal 21P 18Ca 3.19 3.19 3.19 3.19 3.19  

Squid meal 2.99 2.99 2.99 2.99 2.99  

Lecithin Liquid 69% 2.79 2.79 2.79 2.79 2.79  

Oil Fish Mendhaden Gold 2.39 2.39 2.40 2.39 2.39  

Magnesium Oxide 1.40 1.40 1.40 1.40 1.40  

Limestone-FreeFlo 1.40 1.40 1.40 1.40 1.40  

Ralco Shrimp VTM Premix 1.30 1.30 1.30 1.30 1.30  

Pellunite Bind 0.50 0.50 0.50 0.50 0.50  

DL-Methionine 0.20 0.20 0.20 0.20 0.20  

Corn, 7.0 0.00 9.97 19.96 29.91 39.88  



 

2.4 Termination, harvest and statistical analysis 

During termination, all shrimp were harvested one tank at a time. The final number of shrimp and 

shrimp group weight were recorded per tank to calculate mean final individual weight, weight gain 

and survival. 

In general, the same statistical analysis was performed for Trial I and II.  

Data contains 4 different continuous variables (Initial, Final, Survivability, Weight gain, FCR 

(feed conversion ratio) and one categorical variable (treatment). One-way MANOVA (multivariate 

analysis of variance) and separate univariate ANOVAs test are the applicable statistical methods 

for analysis. MANOVA is highly recommended, when comparing two or more continuous 

Table 2. Experimental diet composition (%) for Trial II with a 23% crude protein. 

Ingredients 0CORN 10CORN 20CORN 30CORN 40CORN  

Wheat HR 11.5 45.59 34.32 23.04 11.79 0.51  

Soybean Meal 47.5  3.02L 18.90 20.20 21.50 22.78 24.08  

Fish Men 60 8.00 8.00 8.00 8.00 8.00  

Soy Protein Isolate 90% 0.00 0.00 0.00 0.00 0.00  

Poultry ML GRIF 0.00 0.00 0.00 0.00 0.00  

Monocal 21P 18Ca 3.16 3.16 3.16 3.16 3.16  

Squid meal 3.00 3.00 3.00 3.00 3.00  

Lecithin Liquid 69% 2.79 2.79 2.79 2.79 2.79  

Oil Fish Mendhaden Gold 2.39 2.39 2.40 2.39 2.39  

Magnesium Oxide 1.40 1.40 1.40 1.40 1.40  

Limestone-FreeFlo 1.40 1.40 1.40 1.40 1.40  

Ralco Shrimp VTM Premix 1.30 1.30 1.30 1.30 1.30  

Pellunite Bind 0.50 0.50 0.50 0.50 0.50  

DL-Methionine 0.45 0.45 0.45 0.45 0.45  

Corn, 7.0 0.00 10.00 20.00 30.00 40.00  



variables by one treatment. In addition, generally separate univariate ANOVA tests are less 

powerful due to missing of intercorrelation of the dependent variables, but it is more efficient to 

check the unusual trend of each variable. We have used both ANOVA and MANOVA methods in 

this research. 

SAS procedure, PROC GLM, was used to run the one-way MANOVA and multiple univariate 

ANOVAs. Variable treatment was on the CLASS statement as an indication of categorical 

variable. MODEL statement with the option of SS3 to get the Type iii outputs. MANOVA 

statement was added for multivariate test. To compare two treatments for all dependent variables, 

CONTRAST statements for each pair were also added. The options PRINTE print out the cross 

products matrix for error and its associated correlation matrix. 

3. Results and discussion 

3.1 Trial I 

Raw data of Trial I can be found in Attachment B. 

In this trial, there was two different sizes used during stocking date. Each size was analyzed 

individually for each production parameter calculated during termination. Initial data showed no 

significant differences between treatments (Table 3). No differences were observed on survival, 

weight back feed, or average daily feed intake (ADFI) in any of the dietary treatments for any of 

the sizes evaluated. At the end of the trial, small shrimp fed pelleted diet at the different corn 

inclusion levels showed a statistically significant higher final weight and average daily gain (ADG) 

and lower FCR than small shrimp fed extruded diets (Table 3). Large shrimp fed pelleted diets at 

the different corn inclusion showed no significant differenced on final weight or ADG but did 

showed a statistically significant lower FCR (Table 3).



Table 3. Initial weight, final weight, survival, weight back, average daily gain (ADG), average daily feed intake (ADFI) and feed conversion ratio (FCR) of 
Trial I for small shrimp.1,2 

 
Treatment  

E 0% E 20% E 40% P 0% P 20% P 40% 

Number of tanks 3 3 3 3 3 3   

Initial shrimp no/tank 12 12 12 12 12 12   

Variable       Pooled - SEM P-Value 

Initial weight (g) 4.90 4.86 4.73 4.91 4.70 4.73 0.086 0.818 

Final weight (g) 11.78c,d 11.51c,d 11.27d 12.92a 12.77a,b 12.38a,b,c 0.176 0.016 

Survival (%) 0.97 1.00 1.00 1.00 0.97 0.99 0.005 0.257 
Weight back (g) 25.69 12.79 28.99 22.91 20.28 17.76 2.890 0.656 

ADFI (g/day) 0.58 0.59 0.50 0.51 0.52 0.45 0.022 0.470 

ADG (g/day) 0.26b,c 0.25c 0.24c 0.30a 0.30a 0.29a,b 0.006 0.002 

FCR 2.25a 2.39a 2.02a,b 1.71b 1.71b 1.58b 0.079 0.005 
1 Values represent treatment means (n = 12). 
2 Means in same row with different superscript letter are significantly different (P ≤ 0.05) according to Student t LSD performed after ANOVA 

 

 

 

 

Table 4. Initial weight, final weight, survival, weight back, average daily gain (ADG), average daily feed intake (ADFI) and feed conversion ratio (FCR) of 
Trial I for large shrimp.1,2 

 
Treatment  

E 0% E 20% E 40% P 0% P 20% P 40% 

Number of tanks 3 3 3 3 3 3   

Initial shrimp no/tank 12 12 12 12 12 12   

Variable       Pooled - SEM P-Value 

Initial weight (g) 6.45 6.46 6.44 6.42 6.47 6.42 0.090 0.999 

Final weight (g) 13.57 13.45 13.17 14.30 14.56 14.47 0.201 0.196 

Survival (%) 0.97 1.00 0.94 1.01 0.99 1.00 0.009 0.406 
Weight back (g) 20.50 20.06 15.40 34.08 30.14 25.30 3.325 0.482 

ADFI (g/day) 0.50 0.49 0.61 0.39 0.47 0.45 0.026 0.321 

ADG (g/day) 0.26 0.26 0.25 0.29 0.30 0.30 0.007 0.189 

FCR 1.85b 1.87b 2.40a 1.32c 1.52b,c 1.50b,c 0.087 0.001 
1 Values represent treatment means (n = 12). 
2 Means in same row with different superscript letter are significantly different (P ≤ 0.05) according to Student t LSD performed after ANOVA 



There was no water quality issues during this trial and survival was very good for all treatments 

with no significant differences among treatments. 

Diets made with in the commercial feed mill were noted to sink in the water column very slowly. 

This could probably be the cause of the lower growth on the smaller shrimp fed this diets as the 

shrimp had to swim up and spend energy trying to capture this pellets. Other option could be that 

the animals wait until the extruded diets got to the bottom of the tank and didn’t spend energy 

swimming up to get the pellets, however, if this is the case, it is likely that some of the nutrients 

were lost in the water during this process. 

3.2 Trial II 

Raw data of Trial II can be found in Attachment C. 

The analysis of Litopenaeus vannamei (whiteleg shrimp)’s initial individual weight, final 

individual weight, survivability, and amount of weight gain by different treatments is given in 

Table 5. The results are presented as mean and standard deviation. Treatment C (20 corn) has the 

lowest initial value and the lowest final weight with higher standard deviation than other 

treatments. Survivability of treatment B (10 corn) has the highest, 91.67%. Weight gain and FCR 

are noticeably high in treatment E (40 corn), which represents the good efficiency of the feed. 

 

 

 



 

Table 5. Initial weight, final weight, survival and feed conversion ratio (FCR) of Trial II. 

 

Analyses of five univariate ANOVA tests gives no evidence of significant differences at alpha of 

0.05. In particular, the F-values for initial, final, weight gain, and FCR were less than 1 (Table 6 

and Figure 1). Relatively they have a large variance within treatments and small variance between 

treatments, they are highly likely to accept the null hypothesis. H0: there are no differences 

between treatments. 

 

Table 6. Type3 ANOVA table for Trial II. 

 

Mean Std Dev Mean Std Dev Mean Std Dev Mean Std Dev Mean Std Dev

A 6.10 0.14 12.54 1.55 87.50 8.84 6.44 1.59 3.74 0.51

B 6.09 0.33 12.53 1.48 91.67 10.21 6.44 1.44 3.66 1.58

C 6.17 0.34 12.22 1.86 87.50 11.18 6.05 1.74 4.08 0.58

D 6.05 0.35 12.69 1.24 87.50 7.91 6.65 1.28 4.36 3.19

E 5.98 0.10 12.69 1.55 77.50 16.30 6.71 1.47 5.93 3.88

SurvivabilityFinal wieghtInitial wieght FCRWeight gain

A

B

C

D

E

30 corn 23/25

40 corn 23/35

0 corn 23/35

10 corn 23/35

20 corn 23/35

DF Type III SS Mean Square F Value Pr > F

Initial weight 4 0.1110 0.0277 0.34 0.8469

Final weight 4 0.8735 0.2184 0.09 0.9844

Survivability 4 581.8452 145.4613 1.18 0.3454

Weight gain 4 1.5535 0.3884 0.17 0.9514

FCR 4 17.6881 4.4220 0.81 0.5341



 

Figure 1. Distribution of initial weight, final weight, survival, weight gain and FCR for Trial II. 

Table 3 shows the partial correlation matrix associated with the error matrix. Strong correlations 

are observed between weight gain and final weight, also between survivability and final weight. It 

is an indication of needs of MANOVA test rather than separate ANOVAs test. 

 

Table 3. Partial correlation matrix 

Initial_weight Final_weight Survivability Weight_gain FCR

1.00 0.23 0.00 0.04 0.09
0.2903 0.9886 0.845 0.6821

0.23 1.00 -0.51 0.98 -0.16
0.2903 0.0101 <.0001 0.4595
0.00 -0.51 1.00 -0.53 -0.63

0.9886 0.0101 0.008 0.0009
0.04 0.98 -0.53 1.00 -0.18
0.845 <.0001 0.008 0.4047
0.09 -0.16 -0.63 -0.18 1.00

0.6821 0.4595 0.0009 0.4047
FCR

Weight_gain

Initial_weight

Final_weight

Survivability



Overall multivariate test is not significant with the p-value of 0.7853. In other words, there are no 

differences among the levels of treatment. Pillai’s trace test, which is the most powerful and robust 

statistic method for MANOVA test, had applied for post-hoc tests for all treatments. The results 

implicitly shown, none of the pairs are significant.   

 

Table 4. Pillai’s Trace test (MANOVA) 

Unlike Trial I, there was no negative effect of using extruded diets with corn inclusion to feed 

shrimp. The lack of a negative effect of corn inclusion in extruded diets could be due to the fact 

that, even if the diets leach nutrients into the water, they are able to be re-utilized by shrimp 

consumption of biofloc in this particular system.  

Shrimp of Trial II grew slower and had a higher FCR than the ones from Trial I. However, there 

is no indication that the corn caused this inferior performance on shrimp because there was no 

significant differences among any of the different inclusion levels of corn and the same diets were 

used in both studies. 

 

 

 

 

 

Hypothesis F Value Num DF Den DF Pr > F

Treatment 0.7 16 92 0.7853

A_vs_B 0.94 4 20 0.4619

A_vs_C 0.13 4 20 0.9716

A_vs_D 0.07 4 20 0.9913

A_vs_E 0.63 4 20 0.6483

B_vs_C 0.92 4 20 0.4742

B_vs_D 0.73 4 20 0.5793

B_vs_E 1.8 4 20 0.168

C_vs_D 0.28 4 20 0.8849

C_vs_E 0.75 4 20 0.5672

D_vs_E 0.66 4 20 0.6247



4. Conclusions 

4.1 Trial I 

 There was no effect of corn inclusion on shrimp growth performance in any of the trials. 

 Shrimp growth was higher when fed pelleted feeds. 

 FCR was lower with pelleted feeds. 

 The effect of corn inclusion in extruded vs. pelleted diets on water quality should be 

evaluated in an enclosed system for shrimp culture. 

 

 

4.2 Trial II 

 No significant differences were observed in any of the extruded dietary treatments for 

weight gain, FCR, survival. 

 Corn was able to be included in the diets at 40% CP without affecting shrimp performance 

in a BFT research system. 

 BFT could potentially solve the negative effect that semi-buoyant extruded diets with corn 

inclusions have on shrimp performance.  

 Shrimp performance was inferior than Trial I but there is no indication that this was caused 

by the inclusion of corn in the diet. 


