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Ingredient Quality

* Formulation of cost-effective aquaculture feeds requires detailed and accurate
characterization of the nutritive value of the multitude of feed ingredients used

today

* Significant variability exists between each type of ingredients but also amongst
ditferent “batches” of the same ingredient

* Different experimental protocols may result in different assessment of nutritive
value. Protocols often looked at “fish meal replacement” or “null” effect of
ingredient on performance in a feed of “set” nutritional specifications

* There is a need for more direct assessment of the nutritive value of ingredients
(and also of nutritional specifications of feeds)



Soybean Meal

* Possibly the most widely used protein source in aquaculture feeds today

* Quality of soybean meal is affected by two main “factors”:
* Origins of the soybeans (Brazil, USA, Argentina, India, etc.)
* Processing conditions used in the production of meal

* Quality control efforts generally invested in assessing processing “damage” but
limited efforts have been invested in determining the impact of “bean” quality
on the nutritive value of soybean meal



Survey of the Quality of Soybean from USA and Brazilian Origin

i 2 {E
Soybean Quality (2020) (47;?‘;0 o) (10?‘;21'0 -
Moisture, % 11.9 12.4
Crude protein, % 34.3 34.7
Qil, % 19.3 21.1
Foreign material, % 1.06 0.66
Heated beans, % 0.08 0.33
Damaged beans, % 0.99 5.54

. Source: Mateos, G.G. 2020. US soybean meal: a choice of
What consequence on nutritive value? digestible protein and amino acids in diets for aquaculture



Objectives of Research Project

* Assess the quality of soybeans of three (3) different origins:
Argentina, Brazil and USA

 Compare the nutritive value of soybean meals produced from these
soybeans in Nile tilapia

* Examine the potential of an experimental design enabling assessment
of :
* Digestibility of amino acids and other nutrients
* Bio-availability of amino acids
* Optimization of nutritional specifications for Nile tilapia



Assessment of Quality of Soybeans of Different Origins (3 x 1 tonne batch)

Soybeans

Parameters

Brazil USA Argentina
Raw soybeans (kg) 28 28 28
Size (mm) 3.6£0.5 42+0.5 38+£0.5
Color Dark yellow Bright yellow Bright yellow
Good quality beans (%) 82.9 92.5 87.5
Split beans (%) 11.4 5.54 8.39
Foreign materials (%) 1.07 0.82 0.89
Damaged beans (%) 4.6 1.14 3.18
Heated beans (%) 0.06 0 0
Sprouted beans (%) 0 0 0
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Sprouted



Chemical Composition of Soybean Meals Produced From Soybeans of

Different Origins - Meals Produced with an Extruder-Expeller System)
Composition

% as is Argentinian Brazilian USA

]

Moisture | 7.1 7.3 7.0
39.8 42.8 42.6
9.7 9.9 8.8
Ash 5.8 5.7 5.9
Fiber 6.3 6.6 6.6
NFE 31.4 27.8 29.0

ssential amino acids (g/100 g sample)

|

2.58 2.70 2.71
Histidine 0.91 0.93 1.05
Isoleucine | 1.47 1.32 1.52
2.85 3.05 3.05
2.45 2.54 2.59
Methionine | 0.31 0.49 0.52
1.73 1.77 1.83
1.54 1.61 1.63
1.54 1.36 1.59



Experimental Dietary Design of the Study

Description CrudeoProtein Crude Lipids

% (%)
1 Basal Diet — 0% SBM 22 6.5
2 Intermediate protein level — 18% ARG SBM 27 6.5
3 High protein level —36% ARG SBM 32 6.5
4 Intermediate protein level — 17% BRA SBM 27 6.5
5 High protein level — 34% BRA SBM 32 6.5
6 Intermediate protein level — 17% USA SBM 27 6.5
7 High protein level — 34% USA SBM 32 6.5
8  Very high protein level — 51% USA SBM 37 6.5

Why this Protocol?

-Inspired from old protocol used to
estimate essential amino acid
requirements of poultry

A “deficient” diet supplemented
graded levels of amino acids from test
ingredients

Enables direct and practical
assessment of “bio-availability” of
amino acids in the ingredients

Protocol also suitable to estimation of
the digestibility of nutrients of
ingredients using a multiple regression
approach

Can obtain insights on optimal
nutritional specifications for tilapia




Materials and Methods

APOTEC Experimental Fish Rearing Facilities in Go Vap District, HCM City, Vietnam

Growth Trial: 640 monosex (male) tilapia (initial average body weight = 43.1 £ 1.2 g) were stocked into 32 fibreglass
tanks (500 L each, 20 fish/tank)). Fish were randomly allocated into eight experimental groups (diets) at 20 fish/tank,
with four replicates per diet. Fish reared at 27°C for 12 weeks and hand-fed to near-satiety thrice a day.

Digestibility Trial: 360 monosex (male) tilapia (initial average body weight of 61.0 + 1.3 g) were stocked into 24
fibreglass tanks (200 L/tank, 15 fish/tank). Tanks were randomly allocated one experimental diet with three replicates
(tanks) per diet. Fish were hand-fed to near-satiety twice times a day. Feces were collected twice per day by siphoning.



Apparent Digestibility Coefficients (ADCs) of Nutrients of the Different SBMs

Ingredients Apparent Digestibility Coefficients

%

Crude protein Gross Energy

N

88 86 79
85 83 83
ussem 91 87 86
75 66 64
N

P<0.0001 P<0.0001 P<0.0001
P<0.0001 P<0.0001 P<0.0001
ussem@ P<0.0001 P<0.0001 P<0.0001
P<0.0001 P<0.0001 P<0.0001

A multiple regression approach was used to determine the relationship between the content of digestible nutrient of
the diet and the nutrient contribution of each ingredient or groups of ingredients to the diet according to the following

model: Y= B, X, + B, X, + B X5 + B, X, +€



Growth Trajectories of Fish Fed the Different Experimental Diets with
Graded Levels of Different Soybean Meals
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Growth Rates (DGC) of Tilapia fed Diets with Increasing Levels of
Soybean Meals of Different Origins
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Feed Efficiency (Gain:Feed) of Nile Tilapia fed Diets with Increasing
Levels of Soybean Meals of Different Origins
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Statistical Significance of Various Performance Parameters in the
Feeding Trial

Feed Conversion Ratio
Significance Final body weight (FCR)
g/fish Feed:Gain

Mortality
%

27% Crude Protein
ARGP vs. BRA®
ARG vs. USAY

BRA vs. USA

32% Crude Protein
ARG vs. BRA

BRA vs. USA



Fillet Yield (%) and Weight (g/fish) of Nile Tilapia Fed Diets with Increasing

Levels of Soybean Meals of Different Origins

Fillet Yield (%)
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Conclusion

* Significant differences appear to exist in the nutritive value of soybeans of
different origins

* Damaged soybeans may be of lower nutritive value compared to undamaged beans
* Likely related to improper drying practices

 Difficult to assess difference based on simple chemistry so animal trials are essential

* Simple, but carefully designed, feeding trials can enable effective:
* Comparison of the nutritive value of similar ingredients of different origins
* Estimation of the digestibility and bio-availability of amino acids of feed ingredients

* These results also suggest that nutritional specifications, notably digestible
amino acids could be optimized to improve marketable product (fillets) yield
in Nile tilapia.
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Ingredient Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet6 Diet 7 Diet 8
Soybean meal 41% CP, Argentina - 18.30 36.60 - - - - -
Soybean meal 43% CP, Brazil - - - 17.00 34.00 - - -
Soybean meal 43% CP, U.S. - - - - - 17.00 34.00 51.00
Fish meal, 60% CP, Vietnam 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Poultry by-product meal, 62% CP, Saudi Arabia 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00
Corn protein concentrate, Empyreal 75, Cargill 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Blood meal, 89% CP, spray-dried, Argentina 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Rice husk 4.00 2.00 - 2.00 - 2.00 - -
Rice bran full fat 5.00 5.00 5.00 5.00 5.00 5.00 5.00 -
Rice bran, defatted, 14%CP, Wilmar 45.00 28.00 12.00 28.00 12.00 28.00 12.00 -
Cassava, tuber, meal 15.87 21.77 21.97 23.07 24.57 22.87 24.57 24.57
Fish oil, salmon farm by-product 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Palm oil 1.70 0.50 - 0.50 - 0.70 - -
Vitamin premix, FW Fish starter 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Mineral premix, FW Fish starter 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Vitamin C monophosphate 35% 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Choline chloride, 60% choline 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Dicalcium phosphate, DCP, CaHPQO, 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
Salt, NaCl 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
Limestone (Calcium carbonate) 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Mold inhibitor (Calcium propionate) 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Antioxidant 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Total 100 100 100 100 100 100 100 100
Analyzed Composition (as is basis)

Moisture (%) 7.30 6.86 8.61 7.06 7.36 6.34 7.61 6.44
Crude protein (%) 21.3 26.4 30.5 26.3 31.4 26.4 30.7 35.8
Lipid (%) 6.23 6.97 6.89 6.72 6.52 6.40 6.62 6.87
Ash (%) 11.41 10.63 9.50 10.69 9.29 11.0 9.58 9.28
Calculated Composition

Gross energy (MJ/kg) 16.30 16.90 17.60 16.90 17.70 16.80 17.60 17.80



Crude protein Final body Gain (g/fish) DGC (%)? Feed intake Feed Conversion  Mortality (%)
(%) weight (g/fish) (g/fish) Ratio
Argentinian SBM
21 88.1 45.1 1.12 85.9 1.91 6.3
26 168.1 124.5 2.38 173.9 1.40 6.3
31 227.5 184.1 3.08 218.6 1.19 5.0
Significance
Linear P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001 N.S.
Quadratic P<0.05 N.S. P<0.001 P<0.0001 P<0.001 N.S.
Brazilian SBM
21 88.1 45.1 1.12 85.9 1.91 6.3
26 174.5 1316 2.48 182.6 1.39 3.8
31 208.6 165.5 2.88 208.4 1.26 3.8
Significance
Linear P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001 N.S.
Quadratic P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001 N.S.
USA SBM
21 88.1 45.1 1.12 85.9 1.91 6.3
26 181.8 139.7 2.60 181.2 1.30 3.8
31 226.6 1834 3.08 214.7 1.17 5.0
36 245.7 202.2 3.27 223.5 1.11 2.5
Significance
Linear P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001 N.S.
Quadratic P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001 N.S.
Cubic N.S. N.S. P<0.01 P<0.05 P<0.01 N.S.
SEM 4.0 4.1 0.05 3.1 0.03 1.3




Diet 1 2 3 4 5 6 7 8
SBM inclusion 0% 18% ARG 36% ARG 17% BRA 34% BRA 17% BRA 34% BRA 51% BRA
CP (% as is) 21 26 31 26 31 26 31 36
ADC (%)

Dry matter 68.8%" 66.7° 69.2°° 67.8° 70.8% 69.9% 72.7%° 76.0°
Crude protein 82.4° 83.3° 85.4%" 82.9° 84.3° 83.9° 86.2%" 88.7°
Lipid 76.7%° 74.9° 83.9% 77.2%° 80.9% 82.1%° 80.3%° 86.1°
Phosphorous 32,42 44,3° 48,6" 45,7 49,1 46,9 50.9¢° 59.6°
NFE 51.2° 59.9% 58.3%" 61.6°° 64.7° 62.9° 64.3" 66.0°
Gross energy 68.8° 72.3% 75.38%b¢ 73.4% 76.1% 74.5%¢ 77.2% 80.6°
ADC (%) of essential amino acids

Lysine 74.3° 87.4° 90.5P 89.2°¢ 91.1b< 90.0* 92.0% 94.2¢
Methionine 78.7° 88.9° 90.5° 89.4° 90.5" 91.9% 93,7 95.5¢
Arginine 90.4° 91.0%° 92.92 91,32 92.4% 92.4%0 93.5" 93.6"
Histidine 88.2° 89.0%" 91,5% 89.0% 90.7* 90,3% 91.1% 94.4°
Isoleucine 76.0%° 79.1%° 83.9% 72.8° 77.7% 79.9° 85.9% 90.4°
Leucine 82.5° 84.3% 85.9% 82.4° 85.0%¢ 86.1°% 88.8" 90.2¢
Phenylalanine 65.7° 74.8%% 74,3 66.6° 74.7%¢ 76.8°% 79.9% 87.4°
Threonine 76.5° 78.3%° 80.7% 76.8%° 79.8% 79.3% 83.0% 87.0°
Valine 80,2° 81.8% 85,93k 81.9% 83.5% 86.05 89.5° 90.3°
ADC (%) of non-essential amino acids

Alanine 83.1° 83.1° 85.1%" 82.9° 84.0% 84.1%° 86.6° 88.2°
Aspartic acid 84.2° 86.8°" 90.4%¢ 86.9% 90.3% 87.7% 90.9> 92.7°¢
Cystine 91.1° 92.7¢ 92.6° 92.5° 93.6° 93.2° 94.8° 95.8°
Glutamic acid 86.2° 89.6%° 92,0 89.6%° 91,6 90.8"¢ 93,7 95,1¢
Glycine 86.2° 86.2° 87.8° 86.8° 87.9° 87.1° 88.4° 89.5°
Serine 83.1° 85.0%° 87.8"¢ 85.4% 87.1%¢ 85.9% 88.6" 90.9¢
Tyrosine 84.1° 85.1%° 85.0%" 84.4° 85.9% 86.0%° 88.2%" 91.8"
Proline 77.8° 78.7° 81.4% 78.7° 80.1% 82.1% 87.0% 88.9°



