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What are 
the fats?
• Lipids or fats are organic

compounds that are 
easily disolved in a 
nonpolar solvent

• They are usually made
up of glycerol with fatty
acid units

• Also they can combine 
with or without other
molecules

• They are usually
hydrophobic but also
they can be amphipatic
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Fat is an important nutrient in metabolism and 
serves as an energy store in the body
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Physical 
properties of 
fat
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https://microbenotes.com/saturated-vs-unsaturated-fatty-acids/



7(Mercola y D’Adamo, 2023)

Polyunsaturated fatty acids easily are prone to be oxidazed
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XXX

XXX

FISH OIL



How to 
choose an oil 
source to 
substitute the 
fish oil?
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Fatty acids from different sources



All fat/lipid 
sources 

contain a 
mixture of 
fatty acids

?
Linoleic acid 

and plant 
sources

11(Mercola y D’Adamo, 2023)
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Fish oil 
properties
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Formulating to 
ideal fatty acid 
profile?
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Fat mixture
vs

Fish oil for
shrimp and 

tilapia

Fatty acid profiles from fish oil and the fat 
mixture containing 71% poultry fat, 25% Kernel, 

and 4 % DHA nature (mix of DHA and EPA)

Arambul et al., 2024


		

		Oil sources



		

Fatty acid

		

Fish oil

		

Fat mixture



		08:00

		ND

		1.2



		10:00

		ND

		1.4



		12:0

		ND

		18.3



		14:0

		10.4

		7.3



		16:0

		27.9

		18.7



		18:0

		6.0

		6.3



		   Σ SFAs

		44.3

		53.2



		16:1n7

		10.8

		5.6



		18:1n7

		3.3

		ND



		18:1n9

		14.2

		32.5



		   Σ MUFAs

		15.3

		38.1



		18:2n6

		3.5

		2.6



		18:3n3

		1.3

		0.6



		20:4n6

		1.2

		ND



		20:5n3

		5.6

		1.2



		22:5n3

		0.6

		ND



		22:6n3

		4.8

		1.6



		   Σ n3

		12.3

		3.4



		   Σ n6

		4.7

		2.6









Experiment 1
 
fat mixture vs fish oil

for the white leg 
shrimp Litopenaeus 
vannamei 
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Experiment 1
 
fat mixture vs fish oil

Fatty acid profile
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Experiment 1
 
Results
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Arambul et al., 2024



Experiment 1
 
Results
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Experiment 2 

fat mixture vs fish oil

for the tilapia

Oreochromis niloticus

21
Arambul et al., 2024


		Table 1. Ingredients and proximate composition (g Kg-1 on a dry matter basis, DM) of four isoproteic and isolipidic diets formulated to contain different fat mixture (Poultry fat 71%; Kernel fat 25%; DHA concentrate 4%) levels replacing Fish oil fed to fish Oreochromis niloticus for 6 weeks.



		



		



		Ingredients, g Kg-1, DM

		Dietary Fat mixture levels (%)



		

		Control

		Low-Mix

		Med-Mix

		High-Mix



		Fish meala

		5

		5

		5

		5



		Poultry by-product mealb

		25

		25

		25

		25



		Soybean 65% ADMc

		10

		10

		10

		10



		Wheat flourd

		19

		19

		19

		19



		Gelatine

		7

		7

		7

		7



		Fish oilf

		5

		3.35

		1.68

		0



		Fat mixtureg 

		0

		1.65

		3.32

		5



		Maizena™ h(corn starch)

		24

		24

		24

		24



		Metioninei

		1

		1

		1

		1



		Rovimixj

		2.5

		2.5

		2.5

		2.5



		Stay Ck

		0.10

		0.10

		0.10

		0.10



		Phospholipidsl

		1.29

		1.29

		1.29

		1.29



		Sodium bensoatom

		0.10

		0.10

		0.10

		0.10



		BHTm

		0.01

		0.01

		0.01

		0.01



		

		

		

		

		



		Proximate composition (% dry matters basis)

		

		



		Crude Protein (%)

		37.6

		37.4

		37.3

		37.6



		Crude Lipid (%)

		8.1

		8.1

		8

		8



		Ash (%)

		7

		7

		7

		7



		NFE

		50.8

		50.8

		50.8

		50.8



		EPA

		0.05

		0.04

		0.02

		0



		DHA

		0.06

		0.04

		0.02

		0.01
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Experiment 2

Results

Overall performance of tilapias fed different levels of fat 

mixture in replacement of fish oil 

Arambul et al., 2024


		Table 4. Overall performance of tilapia Orechromis niloticus, fed with four diets containing four different Fat Mixture (Poultry fat 71%; Kernel fat 25%; DHA concentrate 4%); 0, 1.65, 3.32, and 5% in replacement of Fish meal (FM) for 6 weeks.



		



		



		



		Index

		Treatment



		

		Control

		Low-Mix

		Med-Mix

		High-MixFBW

		P value



		IBW (g)

		6.03 ± 0.06

		6 ± 0.10

		6.09 ± 0.09

		6.04 ± 0.07

		0.917



		FBW(g)

		82.07 ± 0.74

		84.32 ± 0.70

		83.72 ± 0.83

		83.64 ± 2.28

		0.392



		WG (g)

		76.04 ± 0.74

		78.31 ± 0.79

		77.62 ± 0.79

		77.60 ± 2.22

		0.506



		SGR (%)

		3.89 ± 0.02

		3.94 ± 0.03

		3.91 ± 0.02 

		3.92 ± 0.03

		0.687



		FCR

		0.61 ± 0.01

		0.59 ± 0.01

		0.59 ± 0.01

		0.59 ± 0.01

		0.147



		HI (%)

		2.07 ± 0.15

		2.04 ± 0.18

		2.18 ± 0.12

		2.46 ± 0.03

		0.085



		VSI

		10.30 ± 0.33

		10.99 ± 0.10

		11.93 ± 0.29

		11.98 ± 0.77

		0.083



		TGC

		1.36 ± 0.01

		1.38 ± 0.01

		1.37 ± 0.01

		1.38 ± 0.01

		0.636



		Sv (%)

		98.33 ± 1.66

		96.67 ± 1.66

		96.67 ± 1.66

		96.67 ± 1.66

		0.815









Experiment 3 
“Higher C12”

Ingredients and proximate 
composition (g Kg-1 on a 
dry matter basis, DM) of 
four isoproteic and 
isolipidic diets formulated 
to contain different fat 
mixture (50% palm kern 
fat; 25% poultry fat; 25% 
beef tallow) levels 
replacing fish oil for 
Oreochromis niloticus.

L-FM (low inclusion), M-
FM (medium inclusion), H-
FM (high inclusion).
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INGREDIENTS, G KG-1, 
DM

DIETARY TREATMENTS
Control Low Medium High

Poultry by-product meala 220 220 220 220
Bovine by-product meala 70 70 70 70
Soybean 43%b 140 140 140 140
Wheat flourc 125 123 122.2 121.5
MaizenaTM (corn starch)d 210 210 210 210
Gelatine 70 70 70 70
Corn glutenf 50 50 50 50
Fish oilg 52 33.5 16.8 0
Fat mixtureh 0 15.5 31 46.5
Taurinei 10 10 10 10
Metioninei 10 10 10 10
Vitamin and mineral 
mixturej 25 25 25 25

Vitamin Cj 1 1 1 1
Phospholipidsk 12.9 12.9 12.9 12.9
Cholesteroll 3 3 3 3
DHA-NatureTM m 0 5 7 9
Sodium benzoaten 1 1 1 1
BHTo 0.1 0.1 0.1 0.1

Proximate composition (%, DM)
Crude protein 34.0 34.3 34.4 33.4
Crude lipid 7.8 7.6 7.7 7.5
Ash 7.9 8.0 7.8 7.8
NFE 50.2 50.0 50.1 51.3

Unpublished results



Experiment 3
Fatty acids from 
diets with higher 
C12

Fatty acid composition (%) 
of formulated diets 
containing different 
inclusion of fat mixture 
(palm kernel fat 50%; 
poultry fat 25%; beef 
tallow 25%) in 
replacement of fish oil.

L-FM (low inclusion), M-
FM (medium inclusion), H-
FM (high inclusion).
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Fatty acid

Dietary treatments 

Control L-FM M-FM H-FM

12:0 0.12 6.41 10.86 14.34

14:0 5.32 6.83 6.97 7.65

15:0 0.02 0.02 0.03 0.03

16:0 20.97 19.44 19.16 19.12

18:0 5.46 5.99 7.19 8.32

22:0 0.61 0.51 0.36 0.18

∑SFA 32.5 39.2 44.57 49.64

14:1 0.17 0.26 0.24 0.55

15:1 0.16 0.25 0.2 0.42

16:1 6.14 4.7 3.26 2.23

18:1n9 23.46 22.3 24.3 25.48

20:1n9 1.1 0.94 0.74 0.4

∑MUFA 31.03 28.45 28.74 29.08

18:2n6 19.4 18.46 17.34 16.79

18:3n6 0.25 0.26 0.24 0.12

20:3n6 0.3 0.31 0.25 0.16

20:4n6 0.17 0.23 0.17 0.22

∑PUFAn6 20.12 19.26 18 17.29

18:3n3 2.73 2.49 2.08 1.57

20:3n3 1.44 1.11 0.76 0.34

20:5n3 6.97 4.84 2.42 0.23

22:6n3 4.73 4.21 3.06 1.8

∑PUFAn3 15.87 12.65 8.32 3.94

∑PUFAs 35.99 31.91 26.32 21.23

Others 0.47 0.45 0.38 0.24

Total 100 100 100 100
Unpublished results



Results 
Experiment 3

Higher C12

Biological indices in tilapia (Oreochromis 
niloticus) juveniles after being fed for eight 
weeks with diets containing different fat 
mixture (palm kern fat 50%; poultry fat 
25%; beef tallow 25%) levels in replacement 
of fish oil (FO).

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

Dietary treatment

Control L-FM M-FM H-FM
P value

IBW (g) 6.33 ±
0.08

6.34 ±
0.03

6.34 ±
0.12 

6.20 ±
0.10

FBW (g) 106.05 ±
12.50

109.54 ±
5.51

107.95 ±
8.0

108.73 ±
1.08

0.826

WG (g) 99.71 ±
12.44

103.20 ±
5.52

101.61 ±
7.94

102.53 ±
1.16

0.826

RWG (%) 1573 ±
180

1629 ± 89 1602 ±
113

1654 ± 42 0.838

SGR (%) 5.02 ±
0.19

5.09 ±
0.09

5.06 ±
0.12

5.11 ±
0.04

0.838

FCR 1.08 ±
0.06

1.03 ±
0.05

1.09 ±
0.02

1.08 ±
0.01

0.764

K 2.03 ±
0.16

2.12 ±
0.20

2.08 ±
0.13

2.09 ±
0.06

0.905

HSI (%) 3.11 ±
0.61

3.21 ±
0.53

3.22 ±
0.19

3.72 ±
0.31

0.380

VSI (%) 11.06 ±
1.02

10.71 ±
0.45

10.78 ±
0.95

11.77 ±
0.66

0.406

TGC (%) 1.86 ±
0.11

1.90 ±
0.05

1.88 ±
0.07

1.90 ±
0.02

0.838

Sv (%) 93.33 ±
2.89

98.33 ±
2.89

96.67 ±
5.77

96.67 ±
2.89

0.400

IBW = Initial body weight, FBW = final body weight, WG = weight 
gained, RWG = relative weight gained, SGR = specific growth rate, 
FCR = conversion ratio, K= condition factor, HSI = hepatosomatic 
index, VSI= viscerosomatic index, TGC = thermal growth rate and 
Sv = survival rate

Unpublished results

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/body-weight


Fat from Bovine 
(tallow)
• Special case since most nutrients comes 

from the Ruminal microorganisms 

• Most animal fats are made with carbon 
in pairs

• Bovine fat has a fatty acid with C15:0 
fatty acid (pentadecanoic acid)

• Is synthesized by the bacteria flora in 
the rumen

• C15 is considered essential for long-term 
health

• Cell repairing mechanism

26



Fat from Bovine 
(tallow) Fatty acid
profile
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Experiment 3
Bovine fat
C15

Ingredients and approximate 
composition (g Kg-1 on a dry 
matter basis, DM) of four 
isoprotein and isolipid diets 
formulated to contain different 
levels of beef tallow as a 
substitute for soybean oil for 
Oreochromis niloticus.
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Ingredients, g Kg-
1, DM

Dietary treatments

Control L-BT M-BT H-BT

Soybean 49%a 450 450 450 450

Bovine by-
product mealb 100 100 100 100

MaizenaTM c 113.9 114 114 113

Corn glutend 100 100 100 100

Gelatine 100 100 100 100

Soybean oilf 65 43.3 21.6 0

Beef tallowg 0 21.6 43.3 65

Vitamin and 
mineral mixtureh 30 30 30 30

DHA-NatureTM i 30 30 30 30

Metioninej 5 5 5 5

Vitamin Ch 5 5 5 5

Sodium 
benzoatek 1 1 1 1

BHTl 0.1 0.1 0.1 0.1

Proximate composition (%, DM)

Crude protein 39.8 39.8 40 39.7

Crude lipid 9.1 8.8 8.9 9.1

Ash 9.6 10.1 9.4 10.1

NFE 41.5 41.3 41.7 41.1
Ungoing experiment



Experiment 3
Bovine fat
C15
Fatty acid composition (%) of 
formulated diets containing 
different inclusion of beef 
tallow in replacement of 
soybean oil.

L-BT= low beef tallow; M-BT= 
medium beef tallow; H-BT= 
high beef tallow.
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Fatty acid
Dietary treatments

Control L-BT M-BT H-BT

10:0 4.44 2.76 3.91 2.95

12:0 0.47 0.16 0.18 0.16

14:0 5.08 4.79 5.62 6.3

15:0 0.12 0.36 0.37 0.4

16:0 13.67 14.22 17.41 21.01

18:0 3.95 5 9.98 15.78

20:0 0.39 0.76 0.57 0.45

∑SFA 28.12 28.05 38.04 47.13

14:1 0.13 0.23 0.4 0.42

15:1 0.08 0.14 0.11 0.05

16:1 0.75 1.03 1.48 1.87

18:1n9 18.29 28.51 29.48 31.99

20:1n9 0.20 0.38 0.34 0.37

∑MUFA 19.45 30.29 31.81 34.7

18:2n6 43.26 30.68 22.41 11.65

20:4n6 0.11 0.43 0.23 0.09

∑PUFAn6 43.37 31.11 22.64 11.74

18:3n3 4.93 3.86 2.55 1.16

20:3n3 0.11 0.29 0.21 0.17

20:5n3 0.32 0.67 0.39 0.2

22:6n3 3.72 5.72 4.36 4.88

∑PUFAn3 9.08 10.54 7.51 6.41

∑PUFAs 52.45 41.65 30.15 18.15

Total 100 100 100 100

Ungoing experiment



Experiment 3
Results
Bovine fat
C15

Biological indices in tilapia 
(Oreochromis niloticus) 
juveniles after being fed 
for 49 days with diets 
containing different beef 
tallow levels in 
replacement of soybean 
oil.

30

Dietary treatment

Control L-BT M-BT H-BT P value

IBW (g) 2.12 ± 0.0 2.12 ± 0.0 2.12 ± 0.0 2.12 ± 0.0

FBW (g) 12.78 ± 8.32 19.97 ± 2.26 9.71 ± 2.04 17.13 ± 1.33 0.089

WG (g) 10.66 ± 8.32 17.85 ± 2.26 7.59 ± 2.04 15.01 ± 1.33 0.089

RWG (%) 503 ± 393 842 ± 106 358 ± 96 708 ± 63 0.089

SGR (%) 3.39 ± 1.27 4.57 ± 0.22 3.07 ± 0.46 4.26 ± 0.16 0.086

FCR 1.52 ± 1.14 0.64 ± 0.38 1.39 ± 0.98 0.71 ± 0.15 0.340

K 1.81 ± 0.18 1.89 ± 0.01 1.72 ± 0.09 1.95 ± 0.12 0.243

HSI (%) 1.99 ± 0.38 1.88 ± 0.08 1.80 ± 0.39 2.18 ± 0.34 0.547

VSI (%) 10.47 ± 1.10 11.13 ± 0.50 9.36 ± 1.17 10.85 ± 0.71 0.168

TGC (%) 0.71 ± 0.35 1.02 ± 0.07 0.60 ± 0.11 0.93 ± 0.05 0.141

Sv (%) 73.68 ± 5.26 80.70 ±
21.27

78.95 ±
13.93

85.96 ± 6.08 0.522

Ungoing experiment



CONCLUSIONS

• With a mixture of poultry 
fat (71%) with Kernel 
(25%) and DHA (4%) it is 
possible to replace fish 
oil resulting in a better 
FCR despite growth was 
similar

• The linoleic acid is also 
decrease

31



- With a mixture of poultry fat (71%) with
Kernel (25%) and DHA (4%) it is posible to
replace fish oil without compromising the
overall performance

- However, extra Kernel (C:12) failed to
improve the overall performance

- The use of Bovine tallow is a promising
alternative for aquaculture diets

32

CONCLUSIONS



- Investigating health parameters associated with beef 
tallow and awaiting gene expression data to assess lipid 
metabolism

- And liver histological studies 
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Ongoing studies
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