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Actual
Challenges

with an increasing
demand of feed
ingredients




Shortage of feed
ingredients
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Foto: Mendoza Rojas, 2019

-Post pandemic (COVID-19)
-Fewer industries
-Lower supply of raw materials

-Reduction in availability of
ingredients (Russia-Ukraine and

Israel-Hamas War)

-Increased competition for

human food Job losses Inflation



Fishmeal
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Fishmeal
properties

. High digestibility
. Nutrient characteristics:

Ideal: Amino acid and fatty
acid profiles, cholesterol,
palatability, growth
promoters




Biological
value of
proteins




Amino acids, structure and
sequence

Primary structure

Quaternary structure
complex of protein molecules

Secondary structure
regular sub-structures



Broad specificity of Trypsin
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endopeptidses

exopeptidases

In the Stomach:

parietal cells secrete HC|
chief cells secrete pepsinogen

T general protease with
» pepsin preference for

pepsinogen kb : . .
acidic & aromatic amino acids

Exocrine Pancreas secretion into the Small Intestine:
Enteropephdase} trypsin {argmme

trypsinogen

lysine
tryptophane,
chymotrypsinogen trypsin » chymotrypsin Fyf:g?ﬁ!_lglanme
trypsin alanine leucine
proelastase » elastase < glycine
serine
trypsin

procarboxypeptidases » carboxypeptidases

A { hydrophobic amino acids

basic amino acids
B arginine

lysine
Secretion by the Brush Border of the Small Intestine:

aminopeptidases { many
http://education.med.nyu.edu/mbm/aminoAci

Aec/dicectinnAhcarntinn ch+tml



http://education.med.nyu.edu/mbm/aminoAcids/digestionAbsorption.shtml
http://education.med.nyu.edu/mbm/aminoAcids/digestionAbsorption.shtml

Digestion y absorcion




Why each type of protein has different digestibility?

Digestibility of Protein
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https://fourfriendspetfoods.co.uk/blog/article/digestibility-of-protein-in-high-quality-dog-food



https://fourfriendspetfoods.co.uk/blog/article/digestibility-of-protein-in-high-quality-dog-food

HOWEVER.....

We need fishmeal
substitution
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How to measure
protein

N D Eﬁﬁ ~ assimilation?
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= % - Stable Isotopes
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Protein turnover

Close to 70% of protein synthesis
comes from recycled protein
depending on age, organ, or

d ko species-specific
https://www.foodspring.es/ Muscular
protein

isotopes, that is, the
light ones, is recycled
with higher priority

Amino acids

The protein that does 5
not contain stable



Choose protein
sources with
different isotopic
concentration
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First approach
Formulated feeds for Totoaba macdonaldi, a carnivore fish

ISOTOPIC VALUE of ingredients:
Fishmeal 61°N 14.1%o
Poultry by-product meal O°’N  3.4%o




The relative abundance of an animal's stable isotopes reflects
that of the diet

N abundance
N14 99.66 %
N15 0.336 %
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Isotopic turnover in tissues depends on the level of metabolic activity

From fastest to lowest: Blood, liver, muscle, skin, brain, collagen, bones,



Experiment with trout Oncorhynchus mykiss

Parés-Sierra et al., 2012



Ingredients (g per Kg), proximate composition on a dry weight basis (%) and d'°N values of four experimental diets
containing different levels of substitution of fishmeal with poultry by-products meal (PBM; 0, 33, 67 and 100%
replacement). The four diets were fed to juvenile rainbow trout (Oncorhynchus mykiss) for 80 d. Fractional N contribution
is expressed inside parentheses ( )

TREATMENTS

_Ingredients 0PBM 33PBM 67PBM 100PBM
Poultry by-product meal (PBM)? 0.0 (0.0) 235 (0.3) 440 (0.6) 590 (0.9)
Fishmeal? 660 (0.9) 400 (0.5) 175 (0.2) 0 (0.0)
Corn meal 55 (0.01) 55 (0.01) 55 (0.01) 55 (0.01)
Poultry oil® 0.0 5.0 17 35
Fish oil* 72 52 28 0
Corn starch 91 131 166 201
Gelatin 60 (0.1) 60 (0.1) 60 (0.1) 60 (0.1)
Rovimix for carnivores fish> 30 30 30 30
Stay ¢ 4 4 4 4
Sodium Benzoate 2.3 2.3 2.3 2.3
Choline chloride 0.9 0.9 0.9 09
Tocopherol 0.1 0.1 0.1 0.1
Cellulose 25 25 25 25
TOTAL 1000 1000 1000 1000
Proximate composition (% of dry matter)
Crude protein (%) 43.1 43.4 43.7 43.6
Crude fat (%) 12.5 12.5 12.5 12.3
Ash (%) 19.8 15.1 12.1 8.8
NFE® 24.5 29.0 31.7 35.3
Diet isotopic composition
815N (%o) 12.7 9.0 6.1 4.2

Parés-Sierra et al., 2012




Biological indices, for juvenile rainbow trout (Oncorhynchus mykiss) fed four experimental
diets formulated to contain similar protein and lipid levels. Fishmeal and fish oil were
incrementally substituted for poultry by-product meal (PBM; 0, 33, 67 and 100%) and
poultry oil. Measurements were made after 80 d. Values within the same row with
different superscripts letters were significantly different (P<0.05).

Experimental Treatments

OPBM 33PBM 67PBM 100PBM

Biological indices
Final weight (g) 21.8+1.5% 21.9+1.1% 23.5+1.6° 20.9+0.5P
TGC! 1.48+0.05 1.48+0.01 1.54+0.05 1.47+0.02

Weight gain (% of initial)
1480439 1495432 1587432  1495+103

PER? 2.8510.1 2.72+0.3 2.78%0.2 2.7710.1

Parés-Sierra et al., 2012



Percentage of nitrogen retention by rainbow trout (Oncorhynchus mykiss) fed formulated
diets with two levels (33 and 67%) replacement of fishmeal (FM) with poultry by-product
meal (PBM). Nitrogen retention was estimated using a simple two-source mixing model
considering the isotopic composition of the fishmeal and poultry by-product meal itself

Treatments
33PBM 67PBM
Mixture model
Fishmeal 58.4 (30.8; 49.5) 24.8 (35.3; 15.9)
PBM 41.6 (69.2; 50.5) 75.5 (64.5; 84.1)

515N &13C
HP 140 -18.2

Parés-Sierra et al., 2012
HA 3.4 -16.5



Totoaba macdonaldi carnivore fish

Badillo et al., 2016


https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.gob.mx%2Fsemarnat%2Farticulos%2Fla-totoaba-especie-en-peligro-de-extincion-victima-del-trafico-ilegal%3Fidiom%3Des&psig=AOvVaw1Ra7cdvRY2eM9ZBrk61u8e&ust=1705028676777000&source=images&cd=vfe&opi=89978449&ved=0CBAQjRxqFwoTCNC58_is1IMDFQAAAAAdAAAAABAD

Ingredients (%) diets with different levels of replacement of FM for

PBM in Totoaba macdonaldi

Dietary treatments

INGREDIENTS oOPBM* 33PBM* 67PBM* 100PBM*
PBM 0.0 23.5 44.0 59.0
FM 66.0 40.0 17.5 0.0
Poultry fat 0.0 0.5 1.7 3.5
Fish oil 7.2 52 2.8 0.0
Starch 9.1 13.1 16.6 20.1
Corn meal 5.5 5.5 5.5 5.5
Gelatin 6.0 6.0 6.0 6.0
Rovimix DSM 3.0 3.0 3.0 3.0
Stay C 04 04 0.4 04
Sodium benzoate 0.2 0.2 0.2 0.2
Tocopherol 0.01 0.01 0.01 0.01
Cellulose 2.5 2.5 2.5 2.5
Total 100 100 100 100

*PBM = % added into the diet

Badillo et al., 2016



Proximate composition of the diets and isotopic value 8'3C and &SN use to feed
juvenile Totoabas fish (Totoaba macdonaldi) for 86 days.

Tratamientos experimentales

Proximate composition OPBM* 33PBM* 67PBM*  100PBM*
Protein (%) 51.1 51.6 51.6 51.1
Lipids (%) 7.9 8.0 8.1 8.0
Ash (%) 15.5 14.1 11.5 11.4
NFE ** 27.1 28.7 30.3 31.6
55N (%o) 15.3 11.5 7.7 4.7
513C (%o) -15.5 -16.1 -15.2 -14.6

* PBM = Nivel de Inclusion de harina de subproducto de ave
**NFE =100 - (% proteina cruda + % grasa cruda + % cenizas)

Badillo et al., 2016



Biological index for totoaba (Totoaba macdonaldi) juveniles fed with four experimental diets with
the same level of protein and lipids. Poultry by-product meal increased when replacing fish meal
(HA; 0, 33, 67 and 100%). Values with different super index indicate statistical differences at
P<0.05.

Dietary treatments

Biological index Inicial oPBM* 33PBM* 67PBM* 100PBM*"
SGR ** (% dia) 2.6+0.1° 2.9+0.2° 3.5+0.02 1.6+0.5
TGC *** 0.70x0.0b 0.82+0.1b 1.06+0.2° 0.52+0.1
Survival rate (%) 76.0+=10.62° 78.7+10.1° 89.3+2.42 52.4+3.8
Proximate composition of muscle (% dry matter)

Crude proteina (%) 82.7+0.6 81.1+1.3 82.6+0.7 81.3+1.1 82.2+0.2
Crude fat (%) 1.3+0.2 22+04 2.2+0.9 2.1+0.1 2.3+0.7
Ash (%) 8.9+0.4 4.8+0.1° 5.6+0.22 6.1+0.12 5.9+0.3
ELN**** (%) 7.0 11.9 9.6 10.5 9.6

*PBM = % added into the diet

**SGR = Specific growth rate: 100*[(In final weight- In initial weight) / days]
***TGC =Thermal growth coeficient

****NFE =100 - (% crude protein+ % crude fat + % ash)

Badillo et al., 2016



Based on the model 2to 1




Ingredient composition of diets g Kg-1 (51% CP and 12% GC) to feed
Totoaba macdonaldi with different levels of fish oil replacement. Using tallow

and microalgae concentrate.

Tratamientos

Ingredientes g Kg'* PBM/FM PBM/FM+Tallow PBM/FM+Tallow PBM/FM-+Tallow
50% DHA 100% DHA

Fish meal 150.0 150.0 150.0 150.0

Poultry byproduct meal 480.4 480.4 480.4 480.4

starch 221.2 221.0 219.0 215.0

Gelatin 80.0 80.0 80.0 80.0

Fish oil 25.0 0 0 0

Beef tallow 0 25.0 25.0 25.0

DHA/EPA concentrate* 0 0 2.0 6.0

Otros 43.4 43.6 43.6 43.6

PBM: Poultry by-producto meal
FM: Fishmeal
* From microalgae

Mata et al., 2018



Fatty acids composition (mg g-1 lipid) of fish oil, beef tallow and the diets fed to Totoaba
macdonaldi containing beef tallow and two levels of DHA compared to fish oil.

Complementary lipid

sources Dietary treatments
Fish oil Tallow PBM+FO PBM+ PBM+TALLOW PBM+TALLO
+50% DHA W +100%
Fatty Acids TALLOW DHA
14:0 103.55 31.92 21.32 14.10 16.61 20.68
16:0 279.20 267.99 242.42 238.66 250.93 231.55
18:0 60.41 175.24 76.10 105.75 83.05 93.87
Other SFAs? 30.49 15.32 10.35 6.69 7.30 7.06
Z SFAs® 473.65 490.47 350.19 365.19 357.89 353.17
16:1n-7 108.1 28.03 66.25 61.22 58.43 55.17
18:1n-7 33.08 26.37 11.65 9.31 15.10 10.72
18:1n-9 142.03 350.69 268.89 311.04 317.50 320.08
20:1n-9 ND 5.85 3.77 3.46 4.08 5.57
Other MUFAs® 3.71 ND 3.60 1.13 2.00 1.91
Z MUFAs¢ 286.92 410.94 354.16 386.16 397.10 39344
18:2n-6 34,51 21.67 133.32 132.55 127.54 128.64
20:4n-6 3.95 ND 1.55 0.56 0.48 0.99
Other n-6° 6.17 ND 4.71 4.20 4.92 491
z n-6f 44.63 21.67 139.58 137.32 132.95 134.55
18:3n-3 13.08 0.66 11.23 10.83 9.00 9.40
20:5n-3 55.79 ND 30.14 5.07 6.31 5.97
22:5n-3 6.13 ND 3.58 2.14 1.93 2.19

DHA 22:6n-3 47.91 ND 29.99 9.25 12.70 17.68




Biological indices of totoabas fed with different levels of fish oil
replacement

Tratamientos

Biological index PBM/FM PBM/FM+Tallow PBM/FM+Tallow PBM/FM+Tallow
50% DHA 100% DHA

Survival 96+4 100 92+8 92+4

SGR 2.63+0.07 2.58+0.05 2.64+0.04 2.63%0.11

FCR 1.39+0.22 1.59+0.032b 1.18+0.32b 1.09+0.082

SGR= Specific growth rate: 100*[(In final weight- In initial weight) / days]
FCA= Conversion efficiency: feed ingestion/growth

Mata et al., 2018
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Table 1. Ingredient composition and proximate analysis. and amino acid content of diets formulated to contain 45%
crude protein (CP) and 12% crude fat (CF). used for experimental diets to replace fishmeal and fish oil replaced by
poultry by-product meal and bovine tallow with an algae extract (DHA source). Diets were fed to juvenile yellowtail.
Seriola dorsalis. for 48 days. Amino acids were calculated from the ingredient content.

(Manriquez-Patino et al., 2021)

TREATMENTS
Ingredients Control T-Low T-Med T-Total

Fish meal * 21 14 7 0
ey Poultry by product meal ® 22 29.3 36.6 44

Yeast by-product (77% CP)* 5 5 5

Soybean meal 42%9 4 4 4

Yeast by-product (48% CP)* 4 4 4

Gelatin® 6 6 6

Corn gluten & 4 4 4

Rovimix® 2 2 2

Stay C* 0.1 0.1 0.1

Taurine 1 2 2 2

Beef tallow* 0 2.7 2.8

Starch ! 21.6 21 20.9

Lysine = 1 1 1 1

Methionine ® 0.4 0.4 0.4 0.4
m)  DHA-Nature™ (24% DHA) © 1 2.80 3.40 4
me)  Fish o1l P 6 1.8 0.9 0

Sodium benzoate ¢ 0.2 0.2 0.2 0.2

Choline chloride? 0.09 0.09 0.09 0.09

Cholesterol 0 0.2 0.25 0.3 34



Proximate composition and amino acid content in diets

TREATMENTS

Ingredients Control T-Low T-Med T-Total

Proximal composition (% dry matter)
Crude protein (%) 45.37 45.32 45.31 45.30
Crude fat (%) 12.08 12.10 12.09 12.11
Ash (%) 2.5 2.6 2.7 2.7
NFE (by difference)

Aminoacid content (%)
Methionine 0.94 0.91 0.88 0.84
Methionine+Cysteine 0.70 0.68 0.67 0.66
Cysteine 0.21 0.22 0.22 0.22
Lysine 2.55 2.58 2.59 2.61
Taurine 1.91 1.89 1.87 1.84
Threonine 1.06 1.04 1.02 1.00
Valine 1.28 1.25 1.21 1.17
Arginine 1.75 1.77 1.80 1.82
Tryptophan 0.19 0.17 0.15 0.13
Isoleucine 1.03 1.00 0.96 0.93
Leucine 1.74 1.71 1.68 1.65
Phenylalanine 0.94 0.92 0.90 0.88
Tyrosine 0.47 0.43 0.38 0.32

(Manriquez-Patiiio et al., 2021)  3°



Table 2. Fatty acid content of four different diets formulated to contain from partial to total substitution of fish meal

and fish oil fed to juvenile yellowtail (Seriola dorsalis) for 48 days.

Fatty acids TREATMENTS
Control T-Low T-Med T-Total
14:0 6.96 7.42 8.19 8.41
16:0 22.60 24.15 24.53 24.62
16:1n-7 6.72 4.30 4.69 4.47
18:0 5.20 8.52 8.58 8.52
— 18:1n-9 18.94 28.41 25.53 26.39
18:1n-7 2.61 1.88 2.10 1.88
18:2n-6 10.35 12.38 11.26 11.52
18:3n-3 1.41 1.08 0.93 0.67
18:4n-3 0.91 0.17 0.25 0.10
20:0 0.83 0.50 0.44 0.29
20:2n-6 0.40 0.34 0.36 0.32
20:4n-6 1.52 0.88 0.94 0.89
20:5n-3 6.23 0.78 0.99 0.23
22:5n-3 1.12 0.37 1.03 0.24
— 22:6n-3 7.19 4.43 5.05 5.75
24:1n-9 0.48 0.23 0.39 0.26
Others 6.48 4.19 4.61 5.56
Total 100 100 100 100

(Manriquez-Patiiio et al., 2021) 36



Table 3. Biological indices of juvenile yellowtail (Seriola dorsalis) fed for 48 days four different diets from partial to
total substitution of fish meal and fish oil. Mean values and standard deviation (n=3) are given. Values in the same row
with a different superscript were significantly different (P <0.05).

Biological indices TREATMENTS
Control T-Low T-Med T-Total P Value
Initial weight (g) 14.51£0.02 14.30+£0.14 14.77+0.26 14.55+0.1¢ 0.122
Final weight (g) 43.48+1 .41 37.90+2.17 42 884+9.95 39+1.82 0.065
Weight gain (%) 200.94+9.39 163.2+16.79 191.4+£25.28 168.8+15.2 0.087
Total initial length (cm) 10.98+0.09 10.82+0.15 10.99+£0.10 10.92+0.0¢ 0.285
Total final length (cm) 15.42+0.1542 14.42+0.174° 14.99+0.516%™ 14.83+0.30° 0.031
) SGR (%/day) 2.28+0.06 2.02+0.13 2.21+0.22 2.05x0.11 0.170
TCG 1.01+0.05 0.82+0.08 0.98+0.14 0.85+0.07 0.096
FI (% day ) 2.9540.11 3.09+0.02 2.99+0.10 2.95+0.29 0.723
FCR 1.39+0.06 1.61+0.08 1.45+0.16 1.52+0.10 0.177
PER 1.59+0.07 1.37+£0.07 1.53+0.18 1.46+0.10 0.203
HIS 2.2340.24 1.87+0.44 1.89+0.23 2.34+0.72 0.510
VIS 17.10+£0.80 15.17£2.01 15.73£0.76 17.33£3.7¢ 0.596
Survival (%) 100 100 100 100
CF

SGR = (In final weight —In initial weight)*100/t

TGC = [(final weight ¥4 - imitial weight ¥3) / (T-C x days)] x 1000.

FCR = total feed consumed / wet weight gained.

Protein Efficiency Ratio (PER) = weight gain / protein intake.
FI =100 x (total amount of the feed consumed / ((initial body weight + final body weight) / 2) / days).

HSI = (hepatopancreas weight / body weight) x 100.
VSI = (viscera weight / body weight) x 100.

Condition factor (CF) (g cm’-1)= total fish weight (g) / length® (cm)

(Manriquez-Patiio et al., 2021)



Table 6. Fatty acid content in the niscle tissue of juvenile vellowtail (Seriola dorsalis) fed for 48 days four different diets

Table 2. Fatty acid content of four differen diets formulated to contzin from pastial to total substiution of fish meal from partial to total substitution of fish meal and fish oil. Mean values and standard deviation (n=3) are given.

and fish oil fed to juvenile yellowtail (Seriola dorsalis) for 48 days.

Fatty acids TREATMENTS
Fatly acids TREATMENTS Control T-Low T-Med T-Total P Value
" Z‘;‘:"“‘ LLZ"“ ;’1“9““1 ;Tl“"" 140 338087 229:010° L9805%  210:05° 001
160 760 " 2153 e 16:0 17.2040.00° 16.640.23 15.33£0.23° 15.16£1.12° 0,007
16:10-7 1584021 2464120 2.260.16° 28440512 0.001
16:10-7 672 430 469 447
180 520 552 558 552 18:0 §.8420.03 908031 §.49:0.17 9324158 0.380
18109 18.94 2841 2553 239 18:1n-9 11614027 18.6340.78 17.650.412 20104060 0,001
1 2ol s 0 Lss 18107 37015 3072022 26:02 LB 000]
S0t 03 s 6 us 18206 7512028 14772107 318038 1470118 0001
8303 » L8 s o 18313 1412005" 1.0540.03% 0934035 04%:03F 0001
803 091 o 05 ol 18:423 105£0.10° 0342007 028:008  040:027 0001
200 053 050 w0 20 1532008 1042005 08440040 076009 0001
20:20-6 040 034 036 032 20:20-6 (.78£0.09* 0.51£0.16° 0.640.03® 063+0.13° 0250
) 20416 1.52 0.88 0.94 0.89 20:4n-6 3200.18° 2124027 2.65£0.20° 2040100 0.001
20:50-3 623 0.78 0.99 023 20:50-3 6.53£0.30° 2.96+0.28 3.024037 140063 0.001
22:5n-3 112 037 1.03 0.24 22:50-3 2260112 248£0.170 4.20+0.04¢ 4724003 0.001
22:60-3 7.19 443 5.0 575 22603 20.90+0.48® 18.2940.69° 21.81£1 43" 2038324 0,030
24:10-9 048 0.23 0.39 0.26 Others 6.492 4.26° 412 3.26° 0.001
Others 648 419 461 556 Total 100 100 100 100
Total 100 100 100 100

Values in the same row with a different superscript were significantly different (P <0.05).

(Manriquez-Patiio et al., 2021)
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¢What about shrimp?

e Studies have shown
that fishmeal can be
replaced

« However, we must
continue looking for
alternatives as raw
material prices
continue to rise

Litopenaeus vannamei



Effect of soybean meal as substitute of fishmeal or PBM in
Litopenaeus vannamei

Ingredients and proximate composition of diets

INGREDIENTS Fishmeal PBM PBM+SBM-L PBM+SBM-H

Soybeam meal 35 47

poultry by-product meal 63 32.5 18

Fish meal 61

Corn gluten 8 15

Soybean oil 1.5 2.7 3

Fish oil 2 1 2.5 4

Paramter FM PBM PBM+SBM-L. PBM+SBM-H

Protein 45.8+0.1 48.31+1.6 43 5409 42 6103

Lipid 11.21+0.1 12.82+0.3 14.2440.5 13.57+0.2
Ash 14.4240.0 9.65+0.0 7.75+0.1 7.2440.1
NFE 28.57 2923 3471 36.59

Unpublished results



INICIAL

				CAMARON SOJA																																																								SEGUNDA PESADA 8 SEMANAS																				One Way Analysis of Variance		lunes, noviembre 12, 2018, 11:16:07 a. m.

						DIA 0																																																				biometría camarones/ soya         04/06/18

						9-Apr-18																																																																										Data source: Data 1 in Notebook 1

																								A						B						C						D																tanque 		No. organismos		peso (g)		longitud						Peso ind 

				tanque		longitug		peso (gr)		peso individual		LONG ind						PESO		LONG						PESO		LONG				PESO		LONG				PESO		LONG				PESO		LONG												1		48		41.4		5.7666666667						0.86										Normality Test:		Passed		(P = 0.836)

				T1		3.7		9.000		0.180		3.0166666667				T1		0.18		3.02				T1		0.180		3.017		T3		0.13		2.8833333333		T4		0.190		2.933		T2		0.21		2.9333333333												2		42		45.5		6.1						1.08

						3										T2		0.21		2.93				T8		0.160		2.850		T6		0.100		3.000		T7		0.136		2.950		T5		0.15		3.14												3		47		39.2		5.5						0.83										Equal Variance Test:		Passed		(P = 0.427)

						3										T3		0.13		2.88				T10		0.180		3.050		T11		0.210		2.867		T12		0.170		2.967		T9		0.17		2.8833333333												4		28		36.3		6.6666666667						1.30

						2.5										T4		0.19		2.93																																						5		41		52.07		6.5						1.27										Group Name 		N 		Missing		Mean		Std Dev		SEM

						2.5										T5		0.15		3.14						PESO 		ES		LONG		ES																										6		48		59		5.8333333333						1.23										A		3		0		0.807		0.167		0.0961

						3.4										T6		0.10		3.00				A		0.173		0.01		2.972		0.06																										7		40		40.2		6.0333333333						1.01										B		3		0		1.027		0.2		0.116

				T2		3		10.500		0.210		2.9333333333				T7		0.14		2.95				B		0.147		0.03		2.917		0.04																										8		26		24.5		5.3333333333						0.94										C		3		0		1.03		0.261		0.15

						3.1										T8		0.16		2.85				C		0.165		0.02		2.950		0.01																										9		44		45.7		5.6						1.04										D		3		0		1.13		0.123		0.0709

						3.3										T9		0.17		2.88				D		0.177		0.02		2.986		0.08																										10		48		29.8		5						0.62

						2.3										T10		0.18		3.05																																						11		38		38.7		5.8				1.2789473684		1.02										Source of Variation		 DF 		 SS 		 MS 		  F 		  P 

						3										T11		0.21		2.87																																						12		48		37.2		5.0666666667						0.78										Between Groups		3		0.168		0.0559		1.482		0.291

						2.9										T12		0.17		2.97																																																												Residual		8		0.302		0.0377

				T3		3.2		6.500		0.130		2.8833333333																																																																				Total		11		0.469

						2.7

						2.6																																																																										The differences in the mean values among the treatment groups are not great enough to exclude the possibility that the difference is due to random sampling variability; there is not a statistically significant difference  (P = 0.291).

						3.1

						3																																																																										Power of performed test with alpha = 0.050: 0.109

						2.7																																																										A				B				C				D

				T4		3		9.500		0.190		2.9333333333																																																		T1		0.86		T3		0.83		T4		1.3		T2		1.08				The power of the performed test (0.109) is below the desired power of 0.800.

						2.9																																																								T8		0.94		T6		1.23		T7		1.01		T5		1.27				Less than desired power indicates you are less likely to detect a difference when one actually exists. Negative results should be interpreted cautiously.

						2.9																																																								T10		0.62		T11		1.02		T12		0.78		T9		1.04

				T5		2.5		7.500		0.150		3.14

						3

						3.2																																																										0.8066666667				1.0266666667				1.03				1.13

						3.7

						3.3

				T6		3.5		5.000		0.100		3

						2.5

						2.5																																																				The effect of soybean meal on the diets of early juveniles of Litopenaeus vannamei.

						3.5																								ave 20						ave 10						ave						pescado										INGREDIENTS				Fishmeal				PBM				PBM+SBM-L				PBM+SBM-H

						3																						A						B						C						D												Soybeam meal												35				47

				T7		3		6.000		0.136		2.95																		PESO						PESO						PESO						PESO										poultry by-product meal								63				32.5				18

						3.3																						T1		0.633				T3		0.498				T4		0.583				T2		0.6102040816										Fish meal				61

						3.1																						T8		0.557				T6		0.471				T7		0.490				T5		0.688372093										Corn gluten												8				15

						2.8																						T10		0.521				T11		0.576				T12		0.527				T9		0.5955555556										Soybean oil				1.5								2.7				3

						2.7																																																				Fish oil				2				1				2.5				4

						2.8																								PESO 																												Gelatin

				T8		2.6		8.000		0.160		2.85																A		0.570		0.03																										Starch				7				7				7				7

						2.8																						B		0.515		0.03																										Corn				24.69				25.19				8.49				2.19

						3.2																						C		0.533		0.03																										Lecithin 				1				1				1				1

						3																						D		0.631		0.03																										Cholesterol				0.3				0.3				0.3				0.3

						3																																																				ROVIMIX				2				2				2				2

						2.5																																																				Stay C				0.07				0.07				0.07				0.07

				T9		3		8.500		0.170		2.8833333333																																														Sodium benzoat				0.23				0.23				0.23				0.23

						2.5												D		PESCADO																																						BHT				0.01				0.01				0.01				0.01

						3.2												C		AVE																						SEGUNDA PESADA VER EL DE GRIS

						2.7												B		AVE+Soya1																																										99.8				99.8				99.8				99.8

						3												A		AVE+soya2										A		B		C		D						A		B		C		D

						2.9																						Peso inicial		0.173		0.147		0.165		0.177				Peso inicial		0.173		0.147		0.165		0.177

				T10		3.1		9.000		0.180		3.05																peso final		0.57		0.515		0.533		0.521				peso final		0.8866		1.0266		1.03		1.13										COMPOSICION PROXIMAL

						3.2																						dias de exp.		30										dias de exp.		30																Humedad

						2.9																																																				Proteina cruda				45.169				45.359				42.849				41.949		TEORICO

						2.7																						SGR		3.9744825544		4.1791143796		3.9085865009		3.5986676973				SGR		2.7235038797		3.2392917722		3.0522810122		3.0897052986										Lipidos total				11.86291				11.78741				11.64861				11.43541

						2.7																						growth increment		229.4797687861		250.3401360544		223.0303030303		194.3502824859				growth increment		412.4855491329		598.3673469388		524.2424242424		538.418079096

						3.7																						fcr												fcr

				T11		2.5		10.500		0.210		2.8666666667																peso ganado		0.397		0.368		0.368		0.344				peso ganado		0.7136		0.8796		0.865		0.953										SGR				3.089				3.052				3.239				2.723

						2.9																						Alimento consumido		0		0		0		0				Alimento consumido		0		0		0		0

						3.1

						3

						3

						2.7

				T12		2.7		8.500		0.170		2.9666666667

						3.2

						3

						3.1

						3.2

						2.6



PESO

p=0.737

6.6666666666666636E-3	3.2829526005987007E-2	1.564939555597019E-2	1.7638342073763885E-2	6.6666666666666636E-3	3.2829526005987007E-2	1.564939555597019E-2	1.7638342073763885E-2	0.17333333333333334	0.14666666666666667	0.16545454545454544	0.17666666666666667	





LONGITUD

p=0.820

6.1864048475889104E-2	4.1943524640393054E-2	9.6225044864937295E-3	7.8559562996949064E-2	6.1864048475889104E-2	4.1943524640393054E-2	9.6225044864937295E-3	7.8559562996949064E-2	2.9722222222222219	2.9166666666666665	2.9499999999999997	2.9855555555555551	








Humedad

		HUMEDAD MUSCULO TOTOABA

		DIETA		MUESTRA		NAVE+MUESTRA				delta		% humedad		promedio		desvest

		HSA0-1		2.0771				1.9671		0.11		5.2958451687		5.3241369775		0.1244109311

		HSA0-2		2.1682				2.0551		0.1131		5.2163084586

		HSA0-3		2.0054				1.8959		0.1095		5.4602573053

		HSA1-1		2.0756				1.9969		0.0787		3.7916746965		4.0623799536		0.3142057019

		HSA1-2		2.0233				1.9426		0.0807		3.9885335837

		HSA1-3		2.0082				1.9197		0.0885		4.4069315805

		HSA2-1		2.0317				1.9442		0.0875		4.3067381995		4.336185409		0.0371270268

		HSA2-2		2.0101				1.9221		0.088		4.3778916472

		HSA2-3		2.0375				1.9494		0.0881		4.3239263804

		HP-1		2.1068				2.0272		0.0796		3.7782418834		3.8541522873		0.0744792784

		HP-2		2.1078				2.0265		0.0813		3.8571021919

		HP-3		2.2281				2.1406		0.0875		3.9271127867

		N/E-1		2.1343				1.9907		0.1436		6.7282012838		6.566970195		0.178394078

		N/E-2		2.0846				1.9517		0.1329		6.3753238031

		N/E-3		2.1266				1.9863		0.1403		6.597385498





cenizas

		CENIZAS TOTOABA FILETES

		NUMERO		# TANQUE O ID		P. MUESTRA I 		M seca		P. MUESTRA TOTAL I		P. MUESTRA TOTOAL F		delta		% cenizas		promedio		desvest		clave

		1		HSA0-1		2.0771		1.9665123508		3.4875		1.7114		1.7761		9.682743704		9.658787053		0.0338798208

		2		HSA0-2		2.1682		2.0527620621		3.7029		1.9188		1.7841		13.0878325851

		3		HSA0-3		2.0054		1.8986297571		3.4061		1.6904		1.7157		9.6348304019

		4		HSA1-1		2.0756		1.9912812417		3.6843		1.9064		1.7779		10.7157762157		7.7515637973		0.155897926

		5		HSA1-2		2.0233		1.9411058664		3.4996		1.7111		1.7885		7.8618002779

		6		HSA1-3		2.0082		1.9266192858		3.4387		1.6593		1.7794		7.6413273167

		7		HSA2-1		2.0317		1.943601721		3.4829		1.6812		1.8017		7.3009670401		7.2407185381		0.0695072526

		8		HSA2-2		2.0101		1.9229383371		3.4525		1.6691		1.7834		7.2565164676

		9		HSA2-3		2.0375		1.9491502223		3.4645		1.655		1.8095		7.1646721065

		10		HP-1		2.1068		2.0256007196		3.5091		1.7746		1.7345		14.3710809733		14.4285290272		0.0498961828

		11		HP-2		2.1078		2.0265621781		3.4402		1.7067		1.7335		14.4610504063

		12		HP-3		2.2281		2.1422256329		3.652		1.8194		1.8326		14.453455702

		13		N/E-1		2.1343		1.9941411551		3.443		1.6053		1.8377		7.8450391903		7.4770264636		0.3188121507

		14		N/E-2		2.0846		1.9477049393		3.4072		1.6017		1.8055		7.3011541145

		15		N/E-3		2.1266		1.9869468118		3.476		1.6338		1.8422		7.2848860861





Proteína

		PROTEINA TOTOABA MúSCULO

				MUESTRA		muestra seca		HCL INICIAL		HCL FINAL		HCL		Blanco		valoración		Mg N		% PROTEÍNA		PROMEDIO		DESVEST

		HSA0-1		0.0568		0.0537758902		0		2.85		2.85		0.1		0.022		7.8752764194		49.2204776214		48.3011318389		1.6680968511

		HSA0-2		0.0559		0.0529238074		2.85		5.5		2.65		0.1		0.022		7.4201010674		46.3756316714

		HSA0-3		0.0567		0.0536812143		5.5		8.35		2.85		0.1		0.022		7.8891657958		49.3072862239

		HSA1-1		0.0602		0.0577544473		0		2.7		2.7		0.1		0.022		6.9327994456		43.329996535		43.4951881271		0.9174344728

		HSA1-2		0.053		0.0508469386		2.7		5.15		2.45		0.1		0.022		7.1174393147		44.483995717

		HSA1-3		0.0529		0.050751001		5.15		7.5		2.35		0.1		0.022		6.8274515407		42.6715721293

		HSA2-1		0.0545		0.052136779		2.35		4.75		2.4		0.1		0.022		6.793668637		42.4604289811		42.6407152507		0.3223633213

		HSA2-2		0.0557		0.0532847447		4.75		7.2		2.45		0.1		0.022		6.7918125883		42.4488286766

		HSA2-3		0.0538		0.0514671322		7.2		9.6		2.4		0.1		0.022		6.8820620951		43.0128880943

		HP-1		0.0633		0.0608603216		0		3.05		3.05		0.15		0.022		7.3381143616		45.86321476		45.8884038243		0.1276959114

		HP-2		0.0503		0.0483613614		3.05		5.5		2.45		0.15		0.022		7.3240287236		45.7751795222

		HP-3		0.0609		0.0585528213		5.5		8.45		2.95		0.15		0.022		7.3642907505		46.0268171908

		N/E-1		0.053		0.0495195058		0		2.55		2.55		0.1		0.022		7.6192198191		47.6201238696		47.0926100324		0.4654007561

		N/E-2		0.0551		0.0514815994		2.55		5.15		2.6		0.1		0.022		7.4784001336		46.740000835

		N/E-3		0.0505		0.0471836801		5.15		7.55		2.4		0.1		0.022		7.5068328628		46.9177053927

		std		0.005		0.005						16.4		0.1		0.022		5.0229102		100.458204		100.15005		0.5337383846

		std		0.005		0.005						16.25		0.1		0.022		4.9766871		99.533742

		std		0.005		0.005						16.4		0.1		0.022		5.0229102		100.458204





Lipidos

		# muestra		Nombre muestra						Folk

						Peso muestra (g)		Muestra seca		Peso vial inicial (g)		Peso final inicial (g)		delta		% lipidos		promedio		desvest

		1		HSA0-1		2.0857		1.9746544751		80.49		80.7444		0.2544		12.8832665772		12.8290417411		0.3357136585		HA

		2		HSA0-2		2.0016		1.8950320743		77.7062		77.9551		0.2489		13.1343423355

		3		HSA0-3		2.0846		1.9736130406		54.9352		55.1813		0.2461		12.4695163105

		4		HSA1-1		2.1712		2.0829976064		57.2639		57.5512		0.2873		13.792622666		14.2799921096		0.4632099814		HAS1

		5		HSA1-2		2.117		2.0309994164		57.1302		57.4213		0.2911		14.3328450837

		6		HSA1-3		2.0968		2.0116200171		57.112		57.408		0.296		14.7145085791

		7		HSA2-1		2.0819		1.991624956		80.5089		80.7784		0.2695		13.5316641415		13.5760624913		0.2215134126		HAS2

		8		HSA2-2		2.1172		2.0253942825		57.2772		57.5482		0.271		13.3801108426

		9		HSA2-3		2.0685		1.9788060048		77.7243		77.9977		0.2734		13.8164124899

		10		HP-1		2.1269		2.044926035		77.4412		77.6717		0.2305		11.2718013295		11.2164433547		0.1205657667		HP

		11		HP-2		2.0824		2.0021411328		66.9499		67.1717		0.2218		11.0781401156

		12		HP-3		2.1079		2.0266583239		75.7684		75.9974		0.229		11.299388619

		13		N/E-1		2.0744		1.9381747703		58.5337		58.8037		0.27		13.9306322702		14.112664499		0.1641414553		NE

		14		N/E-2		2.0547		1.9197684634		68.3709		68.6427		0.2718		14.1579573361

		15		N/E-3		2.2015		2.0569281512		54.102		54.3951		0.2931		14.2494038907





Resumen

								Dietas Camarón

												Treatments																Treatments

								Paramter		HP		NE		HA		HAS1		HAS2						Paramter		FM		PBM		PBM+SBM-L		PBM+SBM-H

								Protein		45.8±0.1		47.1±0.5		48.3±1.6		43.5±0.9		42.6±0.3						Protein		45.8±0.1		48.3±1.6		43.5±0.9		42.6±0.3

								Lipid		11.21±0.1		14.11±0.16		12.82±0.3		14.24±0.5		13.57±0.2						Lipid		11.21±0.1		12.82±0.3		14.24±0.5		13.57±0.2

								Ash		14.42±0.0		7.47±0.3		9.65±0.0		7.75±0.1		7.24±0.1						Ash		14.42±0.0		9.65±0.0		7.75±0.1		7.24±0.1

								NFE		28.57		21.32		29.23		34.71		36.59						NFE		28.57		29.23		34.71		36.59



								NFE with fiber =100-(proein+lipid+ash)

								*Values in the same row with different superscripts are statistically different P < 0.05. n=3



								Protein		45.8		47.1		48.3		43.3		42.6

								Lipid		11.21		14.11		12.82		14.24		13.57

								Ash		14.42		7.47		9.65		7.75		7.24

										28.57		31.32		29.23		34.71		36.59






Effect of soybean meal as substitute of fishmeal or PBM in
Litopenaeus vannamei

Biological indices of Litopenaeus vannamei fed with different
protein sources and mixture

Experimental diets

FM PBM PBM+SBM-L PBM+SBM-H
Growth performance
Initial weight (g} 0.177 £ 0.02 0.165 £ 0.02 0.147 £0.03 0.173 £0.01
Final weight (g} 1.13 £ 0.07 1.02+0.15 1.03+0.11 0.81+£0.09
SGR (% dia') 423 +0582 412 +0.582 45+1.092 346+ 06°
WGR (%) 538.8 521.5 998.8 367.6
Survival (%) 96.00 +4.00 97.33+2.31 96.00 £6.93 90.67 +£8.33

Unpublished results



		

		Experimental diets



		

		FM

		PBM

		PBM+SBM-L

		PBM+SBM-H



		Growth performance

		

		

		

		



		Initial weight (g)

		0.177 ± 0.02

		0.165 ± 0.02

		0.147 ± 0.03

		0.173 ± 0.01



		Final weight (g)

		1.13 ± 0.07

		1.02 ± 0.15

		1.03 ± 0.11

		0.81 ± 0.09



		SGR (% día-1)

		4.23 ± 0.58a

		4.12 ± 0.58 a

		4.5 ± 1.09 a

		3.46 ± 0.6 b



		WGR (%)

		538.8

		521.5

		598.8

		367.6



		Survival (%)

		96.00 ± 4.00

		97.33 ± 2.31

		96.00 ± 6.93

		90.67 ± 8.33








The substitution effect of fish meal and poultry by-products by
Soybean meal (60 days)

Ingredient formulation and proximate composition (g kg™ on a dry matter basis, DM) of

diets containing different levels of soybean meal (SBM) used to fed Litopenaeus

vannamei juveniles for 60 days. 50/50 75/25 100
i Experimental diets
1
Ingredients, g kg™ DM —opiiFree — SBML SBM M SBMH
Fish meal 180.0 90.0 45.0 0.0
Poultry byproduct meal 190.0 95.0 47.5 0.0
Soybean meal 0.0 296.8 445.4 293.6
White wheat meal 120.0 120.0 4.5 0.0
Parameters SBMFree  SBML SBM M SBMH V:;
Total protein (g dL™) 920+039"  878+010°  791+035 8.56+025*  0.0°
Glucose (mg dL ™) 52264295  3092+44.02°  3667+860°  104.77+4109° 0.

Cholesterol (mg dL.™) 2035431 357411199 34284178 30331218 03¢
Triglycerides (mg dL™)  70.68 + 1335  50.06+10.18" 10087+13.76" 123.11+1479% 0.0(
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Ingredient formulation and proximate composition (g kg-1 on a dry matter basis, DM) of diets containing different levels of soybean meal (SBM) used to fed Litopenaeus vannamei juveniles for 60 days.

		Ingredients, g kg-1 DM

		Experimental diets



		

		SBM Free

		SBM L

		SBM M

		SBM H



		Fish meal

		180.0

		90.0

		45.0

		0.0



		Poultry byproduct meal

		190.0

		95.0

		47.5

		0.0



		Soybean meal

		0.0

		296.8

		445.4

		593.6



		White wheat meal

		120.0

		120.0

		74.5

		0.0








The substitution effect of fish meal and poultry by-products by Soybean meal (60 days)

Growth performance, hepatosomatic index and muscle tissue proximate composition ol
Litopenaeus vannamei juveniles fed diets containing different levels of soybean meal
(SBM).

Initial weight 5.5 g Experimental diets

SBM Free SBM L SBM M SBM H

Growth performance

Final weight (g) 16.17 £ 0.792 16.93 £ 0.74 15.39 + 2.062P 13.96 £ 0.78
) SGR (% dia) 1.76 +0.102 1.81 + 0.042 1.63 + 0.152 1.47 + 0.09°

WGR (g semana-') 1.23+£0.102 1.31 £0.072 1.12 £ 0.212b 0.96 £ 0.09

Biomass gain (kg) 246.76 £ 6.062 268.66 £ 10.882 225.29 +50.76%> 172.58 + 34.9:

Survival (%) 96.00 + 4.00 97.33 £ 2.31 96.00 £6.93 90.67 £8.33

Hepatosomatic index 0.032 £ 0.003 0.033 +£0.003 0.030 = 0.001 0.033 = 0.001

Muscle tissue proximate composition g kg™' DM

Moisture 73241 +2.79 73242 +6.26 730.58 +7.68 740.42 + 4.3
Protein 87701 7.1 878.550 +4.67 880.63 + 7.97 887.00 £ 7.91
Lipids 20.05 +0.70° 23.39+0.73° 20.79 + 1.963P 20.33+0.75
Ash 97.06 +£1.25 95.11 £ 0.56 54.10 +3.44 56.13+2.79

SGR: Specific growth rate; WGR: weekly growth rate; FCR: Feed conversion ratio.




Growth performance, hepatosomatic index and muscle tissue proximate composition of Litopenaeus vannamei juveniles fed diets containing different levels of soybean meal (SBM).

		

		Experimental diets

		P value



		

		SBM Free

		SBM L

		SBM M

		SBM H

		



		Growth performance

		

		

		

		

		



		Final weight (g)

		16.17 ± 0.79a

		16.93 ± 0.74a

		15.39 ± 2.06a,b

		13.96 ± 0.78b

		0.044



		SGR (% día-1)

		1.76 ± 0.10a

		1.81 ± 0.04a

		1.63 ± 0.15a

		1.47 ± 0.09b

		0.005



		WGR (g semana-1)

		1.23 ± 0.10a

		1.31 ± 0.07a

		1.12 ± 0.21a,b

		0.96 ± 0.09b

		0.022



		Biomass gain (kg)

		246.76 ± 6.06a

		268.66 ± 10.88ª

		225.29 ± 50.76a,b

		172.58 ± 34.93b

		0.016



		Survival (%)

		96.00 ± 4.00

		97.33 ± 2.31

		96.00 ± 6.93

		90.67 ± 8.33

		0.635



		

		

		

		

		

		



		Hepatosomatic index

		0.032 ± 0.003

		0.033 ± 0.003

		0.030 ± 0.001

		0.033 ± 0.001

		0.379



		

		

		

		

		

		



		Muscle tissue proximate composition g kg-1 DM

		

		

		



		Moisture

		732.41 ± 2.79

		732.42 ± 6.26

		730.58 ± 7.68

		740.42 ± 4.33

		0.216



		Protein

		877.01 ± 7.11

		878.55 ± 4.67

		880.63 ± 7.97

		887.00 ± 7.91

		0.381



		Lipids

		20.05 ± 0.70b

		23.39 ± 0.73a

		20.79 ± 1.96a,b

		20.33 ± 0.75b

		0.028



		Ash

		57.06 ± 1.25

		55.11 ± 0.56

		54.10 ± 3.44

		56.13 ± 2.79

		0.479





SGR: Specific growth rate; WGR: weekly growth rate; FCR: Feed conversion ratio. 


The substitution effect of fish meal and poultry by-
products by Soybean meal (60 days)

Effectof soybeanmeal on the hepatopancreas
histology
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Effect of substitution of poultry by-product
meal by bovine by-product meal on overall

performance for Litopenaeus vannamei

I

Ingredients and proximate composition (g Kg on a dry matter basis, DM) of four
isoproteic and isolipidic diets formulated to contain different bovine by-product meal
(BBM) levels fed white-leg shrimp Litopenaeus vannamei for 50 days.

Dietary bovine meal levels

Ingredients, g Kg', DM
Control L-BBM M-BBM H-BBM

Bovine by-product meal® 0 135.9 271.6 406.9
Poultry by-product meal® 300 200 100 0
Soybean 65% ADM b 200 200 200 200
Wheat flour © 98.9 61.0 23.3 0
Gelatind 80 80 80 80
Corn gluten® 40 40 40 40
Beef tallow' 0 2.0 6.0 8.0
Maizena™ 9 (corn starch) 170 170 168 154
Metionine9 10 10 10 10
Rovimix" 30 30 30 30
Stay Ch 50 5.0 5.0 50
Phospholipids’ 10 10 10 10
Cholesterol 50 5.0 5.0 50
DHA-Nature™ 17%k 50 50 50 50
Sodium benzoate!' 1.0 1.0 1.0 1.0
BHT 0.1 0.1 0.1 0.1

Lopez-Ortiz et al., 2023



		Ingredients and proximate composition (g Kg-1 on a dry matter basis, DM) of four isoproteic and isolipidic diets formulated to contain different bovine by-product meal (BBM) levels fed white-leg shrimp Litopenaeus vannamei for 50 days.



		Ingredients, g Kg−1, DM

		Dietary bovine meal levels 



		

		Control

		L-BBM

		M-BBM

		H-BBM



		Bovine by-product meala

		0

		135.9

		271.6

		406.9



		Poultry by-product meala

		300

		200

		100

		0



		Soybean 65% ADM b

		200

		200

		200

		200



		Wheat flour c

		98.9

		61.0

		23.3

		0



		Gelatind

		80

		80

		80

		80



		Corn glutene

		40

		40

		40

		40



		Beef tallowf

		0

		2.0

		6.0

		8.0



		Maizena™ g (corn starch)

		170

		170

		168

		154



		Metionineg

		10

		10

		10

		10



		Rovimixh

		30

		30

		30

		30



		Stay Ch

		5.0

		5.0

		5.0

		5.0



		Phospholipidsi

		10

		10

		10

		10



		Cholesterolj

		5.0

		5.0

		5.0

		5.0



		DHA-NatureTM 17%k

		50

		50

		50

		50



		Sodium benzoatel

		1.0

		1.0

		1.0

		1.0



		BHTl

		0.1

		0.1

		0.1

		0.1








Effect of substitution of poultry by-product meal by bovine by-

product meal on overall performance for Litopenaeus vannamei

Overall performance of white leg juveniles of Litopenaeus vannamei, fed with four diets
containing four different bovine by-product meal (BBM); 0, 13.6, 27.2, and 40.7% in replacement

of poultry-byproduct meal (PBM) for 50 days.

Dietary treatments
Control L-BBM M-BBM H-BBM P

value

IBW (g) 0.47 + 0.006 0.47 +£ 0.002 0.47 £ 0.004 0.478+ 0.001 0.237
FBW(g) 1.70+0.04° 227+0059 1.73:0.040° 26601322 0.001

RWG (%) 2586116.62° 383.84111.44% 267261736° 457.0512697* 0.001

=  SGR (%) 2.55+0.03° 3.15+0.04 2.60 + 0.04° 3.43+0.092 0.001
= FCR 2.76+0.122 1.93+0.07 2.65 +0.092 1.51+0.12° 0.001
HI 632+ 041 5731022 8.06+2.77 6.64 1125 0.748

TGC 0.303+0.005¢ 0.39+0.007°  0.30+0.006° 0.44 +0.016* 0.001

Sv (%) 100+ 0* 9778 £3.50%* 96.671:443% 88891 46° 0.043

Lopez-Ortiz et al., 2023



Overall performance of white leg juveniles of Litopenaeus vannamei, fed with four diets containing four different bovine by-product meal (BBM); 0, 13.6, 27.2, and 40.7% in replacement of poultry-byproduct meal (PBM) for 50 days.  

		

		Dietary treatments



		

		Control              

		L-BBM      

		M-BBM    

		H-BBM   

		P value



		IBW (g)

		0.47 ± 0.006

		0.47 ± 0.002

		0.47 ± 0.004

		0.478± 0.001

		0.237



		FBW (g)

		1.70 ± 0.04c

		2.27 ± 0.059b

		1.73 ± 0.040c

		2.66 ± 0.132a

		0.001



		RWG (%)

		258.61 ± 6.62c

		383.84 ± 11.44b 

		267.26 ± 7.36c

		457.05 ± 26.97a

		0.001



		SGR (%)

		2.55 ± 0.03c

		3.15 ± 0.04b

		2.60 ± 0.04c

		3.43 ± 0.09a

		0.001



		FCR

		2.76 ± 0.12a

		1.93 ± 0.07b

		2.65 ± 0.09a

		1.51 ± 0.12c

		0.001



		HI

		6.32 ± 0.41

		5.73 ± 0.22

		8.06 ± 2.77

		6.64 ± 1.25

		0.748



		TGC

		0.303 ± 0.005c

		0.39 ± 0.007b

		0.30 ± 0.006c

		0.44 ± 0.016a

		0.001



		Sv (%)

		100 ± 0a

		97.78 ± 3.50ab

		96.67 ± 4.43ab

		88.89 ± 4.6b

		0.043








Dry matter digestibility of shrimp fed with
BBM in substitution of PBM

Apparent digestibility coefficient calculated using acid insoluble ash as internal marked in diets
containing four different bovine by-product meal (BBM); 0, 13.6, 27.2, and 40.7% in
replacement of poultry-byproduct meal (PBM) for 50 days, fed to Litopenaeus vannamei (n=3).

Dietary treatment Apparent digestibility (%)
Control 85.76 + 0.55P
L-BBM 9020+ 0.552
M-BBM 91.31+0.88
H-BBM 91.51+0.342
P value 0.001

L-BBM (low imclusion); M-BBM (medmum inclusion); H-BBM (high inclusion). Mean + SD
values 1n each row with different superscripts were significantly different (P < 0.05, Tukey's test).

Lopez-Ortiz et al., 2023
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Apparent digestibility coefficient calculated using acid insoluble ash as internal marked in diets containing four different bovine by-product meal (BBM); 0, 13.6, 27.2, and 40.7% in replacement of poultry-byproduct meal (PBM) for 50 days, fed to Litopenaeus vannamei (n=3).

		Dietary treatment

		Apparent digestibility (%)



		Control 

		85.76 ± 0.55b



		L-BBM 

		90.20 ± 0.55a



		M-BBM 

		91.31 ± 0.88a



		H-BBM 

		91.51 ± 0.34a



		P value

		0.001





L-BBM (low inclusion); M-BBM (medium inclusion); H-BBM (high inclusion). Mean ± SD values in each row with different superscripts were significantly different (P < 0.05, Tukey's test).


Hemolymph biochemistry parameters of white shrimp
Litopenaeus vanamei fed on poultry meal balance with different
percentages of bovine by-product meal inclusion (Mean + SD).
Three samples per experimental unit were analyzed

Hemolymph biochemistry parameters ol white shnimp Litopenaeus vanamei fed on poultry
meal balance with different percentages of bovine by-product meal inclusion (Mean + SD).
Three samples per expenimental unit were analyzed.

Parameters
Protem Glucose Cholesterol Tnglycendes
Treatment

(gdL ™) (mgdL ) (mgdL™) (mgdL)
Control 7.03+ 0342 9.78 + 0.33 7.71 £0.72b 8.77+023b
L-BBM 7160062 17.74+2.67 9.39 + 2.04° 11.82 + 0.52P
M-BBM 4.18+0.75> 10.57 +1.88" 19.91 + 8.38b 11.17 + 2.04
H-BBM 598+ 059 1455+1.10% 40.80+ 4432 29.52 + 1.882
P value 0.001 0.009 0.001 0.001

-BBM (low inclusion); M-BBM (medium inclusion); H-BBM (high inclusion). Mean £+ SD valu
1 each row with different superscripts were significantly different (P < 0.05, Tukey's test).

Lopez-Ortiz et al., 2023



		Hemolymph biochemistry parameters of white shrimp Litopenaeus vanamei fed on poultry meal balance with different percentages of bovine by-product meal inclusion (Mean ± SD). Three samples per experimental unit were analyzed. 



		

Treatment

		Parameters



		

		Protein

(gdL-1)

		Glucose

(mgdL-1)

		Cholesterol 

(mgdL-1)

		Triglycerides

(mgdL-1)



		Control 

		7.03 ± 0.34a

		9.78 ± 0.33b

		7.71 ± 0.72b

		8.77 ± 0.23b



		L-BBM 

		7.16 ± 0.06a

		17.74 ± 2.67a

		9.39 ± 2.04b

		11.82 ± 0.52b



		M-BBM 

		4.18 ± 0.75b

		10.57 ± 1.88b

		19.91 ± 8.38b

		11.17 ± 2.04b



		H-BBM 

		5.98 ± 0.59ab

		14.55 ± 1.10ab

		40.80 ± 4.43a

		29.52 ± 1.88a



		P value

		0.001

		0.009

		0.001

		0.001





L-BBM (low inclusion); M-BBM (medium inclusion); H-BBM (high inclusion). Mean ± SD values in each row with different superscripts were significantly different (P < 0.05, Tukey's test).


Fatty acid composition of juveniles of Litopenaeus vannamei hepatopancreas fed with diets fed

the different Bovine by-product meal in replacement of poultry by-product meal.

Dietary treatments
Fatty acid Control L-BBM M-BEM H-BBM P
value
Cl4 3.284+0.39° 327+ 0.05° 4.53 + 0.052 440+ 0.152 0.04
Cl16 18.54+0.28° 23.07+0512 1972+ 0.23b¢ 2086+ 0.54° 0.001
C18 855+ 0.67% 685+0.13¢ 88510322 76540222 027
C20 0.37 +0.06 024+ 0 0.53+0.11 0.29+ 0.05 0.083
YSFA 30.76 33.44 33.65 33.21 -
Cl4:1 0.06+ 001> 010+0.01% 022+ 0.06° 0.19+0.01% 033
Cl16:1 1641012 2051013 1.77 + 0.03 2.09 + 0.07 0.035
C18:1n9 2653+1.11° 33.72+049* 2890+0.16> 33.54+033* 0.001
C20:1n9  1.05+ (7 0.77 £ 0.01° 0.80 + 0.06° 0.79+0.05*  0.006
YMUFA 2931 36.66 31.7 36.62 -
Cl18:2n6 13.36+0.222 11.11+020® 1057+0.06® 833+0.06° 0.001
C20:4n6 530+ 0400 191+0.17° 4.29 + 0307 1.76 £ 027°*  0.001
YPUFAn6 18.67 13.01 14.87 10.09 -
C183n3 0.65+007 057+0.07 0.55+0.14 0.60 + 0.02 0.887
C20:3n3  345+0.42° 122+0.09% 225+ 0.08 0.99+0.18°  0.001
C20:5n3  1.94+0.10% 1.66+ 0.05° 214+ 0.112 228+0.712 0.005
C22:6n3 1144+044° 10.04+0.10° 11.44+0.25° 12.67+0.08 0.001
YPUFAn3 17.49 13.5 16.39 16.56 -
YPUFA's 36.16 26.51 31.26 26.65 -
Others 3.75 + 0.01 334+ 0.09 3.37+ 0.20 3.49 +0.17 0.232

Values represent means + standard error. > SFA, Y MUFA, > PUFA n6, > PUFA n3, > PUFA
are the sum of saturated, monounsaturated, polyunsaturated, polyunsaturated n3 and
polyunsaturated n6 respectively. 2 Different letters mean statistical differences among
experimental diets, according to Tukey's test (P < 0.05)

Lépez-Ortiz et al., 2023
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Effect of substitution of poultry by-product
meal by Pork by-product meal on overall

performance for Litopenaeus vannamei

Ingredients and proximate composition (g Kg ' on a dry matter basis, DM) of four
isoproteic and isolipidic diets formulated to contain different pork by-product meal
(PoBM) levels fed white-leg shrimp Lifopenaeus vannamei for 61 days.

Dietary bovine meal levels
Control |-PoBM  M-PoBM H-PoBM

Ingredients, g Kg~', DM

) Pork by-product meal (Po)’ 0 176 250 330

)  Poultry by-product meal (P)* 290 135 67.5 0
Soybean 42% " 250 250 250 250
Wheat flour © 1115 88.5 88.07 67.0
Gelatin’ 80 80 80 80
Beef tallow’ 8.0 10.0 11.0 12.0
Maizena" 9 (com starch) 167.4 167.4 167.4 167.4
Rovimix" 25 25 25 25
Stay C" 20 2.0 2.0 20
Phospholipids' 10 10 10 10
Cholesterof 5.0 5.0 5.0 5.0
DHA-Nature' 17%" 50 50 50 50
Sodium benzoate' 1.0 1.0 1.0 1.0
BHT 0.1 0.1 0.1 0.1
Proximate composition, (%, DM)
Crude Protein 36.92 37.30 37.38 37.73
Crude Lipid 9.92 9.93 9.93 9.99
Ash 573 5.73 5.73 5.73

NFE 47.44 47.05 46.96 46.56




		Ingredients and proximate composition (g Kg-1 on a dry matter basis, DM) of four isoproteic and isolipidic diets formulated to contain different pork by-product meal (PoBM) levels fed white-leg shrimp Litopenaeus vannamei for 61 days.



		Ingredients, g Kg−1, DM

		Dietary bovine meal levels 



		

		Control

		L-PoBM

		M-PoBM

		H-PoBM



		Pork by-product meal (Po)a

		0

		176

		250

		330



		Poultry by-product meal (P)a

		290

		135

		67.5

		0



		Soybean 42% b

		250

		250

		250

		250



		Wheat flour c

		111.5

		88.5

		88.07

		67.0



		Gelatind

		80

		80

		80

		80



		Beef tallowf

		8.0

		10.0

		11.0

		12.0



		Maizena™ g (corn starch)

		167.4

		167.4

		167.4

		167.4



		Rovimixh

		25

		25

		25

		25



		Stay Ch

		2.0

		2.0

		2.0

		2.0



		Phospholipidsi

		10

		10

		10

		10



		Cholesterolj

		5.0

		5.0

		5.0

		5.0



		DHA-NatureTM 17%k

		50

		50

		50

		50



		Sodium benzoatel

		1.0

		1.0

		1.0

		1.0



		BHTl

		0.1

		0.1

		0.1

		0.1



		

		

		

		

		



		Proximate composition, (%, DM)



		Crude Protein 

		36.92

		37.30

		37.38

		37.73



		Crude Lipid 

		9.92

		9.93

		9.93

		9.99



		Ash 

		5.73

		5.73

		5.73

		5.73



		NFE

		47.44

		47.05

		46.96

		46.56








Effect of substitution of poultry by-product meal by pork by-

product meal on overall performance for Litopenaeus vannamei

Overall performance of white leg juveniles of Litopenaeus vannamei, fed with four diets
containing four different pork by-product meal (PoBM); 0, 13.6, 27.2, and 40.7% in
replacement of poultry-byproduct meal (PBM) for 61 days.

Dietary treatments
P

Control L-PoBM M-PoBM H-PoBM value

IBW (g) 2.66 + 0.003 267 +0.003 266+ 0003 267+0.02 0.761

FBW (g) 4.94 + 0300 5.47 + 0.308b 624 +023 6.08 + 0.31ab 0.039

RWG (%) 8565+108 10516108 134.36+83 127.41+982 0.057

—) SGR (%) 1.01£0.09 11712009 1.391+0.06 1.46 + 0.07 0.051
FCR 6.92+ 1022 58410759 4.45 + 0.695 546 + 0.61 0.246

HI 3621016 373x032 3621025 3.18+0.06 0.143
Sv (%) 90 1+ 2.854 88.33 + 3.962 8512348 81.66 + 5.945 00.687

L-BBM (low inclusion); M-BBM (medium inclusion); H-BBM (high inclusion). Mean + SD values in each row with
different superscripts were significantly different (P < 0.05, Tukey's test). IBW= Initial body weight, FBW= final body
weight, RWG= relative weight gain, SGR= specific growth rate, FCR= conversion ratio, HI= hepatosomatic index,
TGR= thermal growth coefficient and Sv= survival.



Overall performance of white leg juveniles of Litopenaeus vannamei, fed with four diets containing four different pork by-product meal (PoBM); 0, 13.6, 27.2, and 40.7% in replacement of poultry-byproduct meal (PBM) for 61 days.  

		

		Dietary treatments



		

		Control

		L-PoBM

		M-PoBM

		H-PoBM

		P value



		IBW (g)

		2.66 ± 0.003

		2.67 ± 0.003

		 2.66 ± 0.003

		2.67 ± 0.02

		0.761



		FBW (g)

		4.94 ± 0.30b

		5.47 ± 0.30ab

		6.24 ± 0.23a

		6.08 ± 0.31ab

		0.039



		RWG (%)

		85.5 ± 10.8

		105.16 ± 10.8

		134.36 ± 8.3

		127.41 ± 9.82

		0.057



		SGR (%)

		1.01 ± 0.09

		1.17 ± 0.09

		1.39 ± 0.06

		1.46 ± 0.07

		0.051



		FCR

		6.92 ± 1.022

		5.84 ± 0.759

		4.45 ± 0.695

		5.46 ± 0.61

		0.246



		HI

		3.62 ± 0.16

		3.73 ± 0.32

		3.62 ± 0.25

		3.18 ± 0.06

		0.143



		Sv (%)

		90 ± 2.854

		88.33 ± 3.962

		85 ± 2.348

		81.66 ± 5.945

		00.687





L-BBM (low inclusion); M-BBM (medium inclusion); H-BBM (high inclusion). Mean ± SD values in each row with different superscripts were significantly different (P < 0.05, Tukey's test). IBW= Initial body weight, FBW= final body weight, RWG= relative weight gain, SGR= specific growth rate, FCR= conversion ratio, HI= hepatosomatic index, TGR= thermal growth coefficient and Sv= survival. 
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