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Abstract
Fish meal is primary ingredient source of protein in aqua feed production. However, the shortage in world fish meal production 

and demand for fish meal in feeds for livestock and poultry is probably to reduce the dependence on fish meal as a single protein 
source in aquafeeds. Therefore, aqua nutritionists have made several attempts to partially of completely replace fish meal with low 
cost and locally available ingredients. The poultry by-product meal (PBM) and silkworm pupae meal (SWP) are locally available 
waste raw materials obtained from poultry rendering plants and silk production factories. Therefore, this review article has dis-
cussed the feasibilities or infeasibilities of fish meal alternatives in various commercial finfish and shellfish diets. 
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Introduction

Aquaculture is one of the fastest expanding food production 
systems in the world. As a result, global fish production reached 
up to 179 million tons and out of which 82 million tons contributed 
from total aquaculture production in 2018 [9]. Rapid development 
of aquaculture industry highly depends on aquafeed and the feed 
cost represents nearly 60% of the production cost [24]. Fish meal 
is a primary source of protein in aqua diets due to its well-balanced 
amino acids and fatty acids profile, high protein content, palatabili-
ty, digestible energy, vitamins and minerals. However, the shortage 
of fishmeal production worldwide, demand and competition for its 
use to other livestock and poultry feeds has further increased the 
fishmeal prices. During the past decades, there has been research 
interest in the identification and utilization of alternatives to par-

tially or completely replace the fish meal with less expensive, lo-
cally available protein sources in feed formulation. Animal by-prod-
ucts such as poultry by-product meal (PBM) and silkworm pupae 
meal (SWP) derived from animal rendering plants and sericulture 
waste recycling processes respectively are used as ingredients in 
fish feed industry [30,37].

Therefore, this article has reviewed with the impacts of animal 
by-products on growth performance, nutrient utilization, digestive 
enzyme activities, haemato - biochemical analysis, immune status 
and whole-body composition of various commercial finfish and 
shellfishes.
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Animal by-products
Poultry by-product meal

Poultry by-product meal (PBM) is ground rendered clean car-
cass of slaughtered poultry such as necks, feet, undeveloped eggs 
and intestines, exclusive of feathers, except some amount as might 
occur unavoidably in good processing practices [5]. About, 70% of 
liveweight of a laying hen and broiler are used as human consump-
tion. The waste such as head, feat and intestines amount to 19.7% 
in laying hens and 16.5% in broilers.

Manufacturing process
Wet rendering is the conventional manufacturing procedure for 

processing the PBM. The raw materials such as waste of slaugh-
tered poultry parts are cooked under steam pressure at 110°C to 
130°C for 3 to 6 hours. Subsequently, the raw material is dried and 
ground after removing fat. The pathogenic bacteria like salmonella 
which are killed at above 82°C for 20 mins are eradicated. After the 
wet-rendering process, the PBM is golden to brown in colour with 
fresh poultry fragrance. Finally, the PBM is properly treated with 
antioxidants and stored in plastic bags [16].

Nutritional composition
Variation in proximate compositional quality is common in PBM 

which largely depends upon the variability in raw material compo-
sition, quality and processing specifications such as temperature, 
time and pressure. As a result, there will be deficiencies in certain 
essential amino acids, higher ash content and variability in digest-
ibility [7]. PBM is comparatively less expensive than fish meal [38]. 
PBM emerged as one of the most promising alternative ingredients 
for fishmeal due to its high crude protein content of 58-65% [51], 
high digestible crude protein value (87% to 91%) [3], essential 
fatty acids, vitamins, minerals, palatability and protein quality [5]. 

PBM is a rich source of crude protein (53.85%, 52.90% and 
67.13%), ether extract (23%,18.35% and 13.52%) and ash content 
(18.20%, 20.14%, 13.34%) as reported by [8,37,49] respectively. 
The raw poultry by-product meal has rich source of essential amino 
acids (%): phenylalanine (2.65), arginine (5.43), leucine (5.00), ly-
sine (4.17), methionine (1.46), isoleucine (2.67), histidine (1.47), 
threonine (2.81), valine (3.08) and non-essential amino acids: glu-
tamic acid (9.55), alanine (4.62), taurine (0.31), tyrosine (2.15), 
glycine (6.53), aspartic acid (5.95), cysteine (0.66), serine (3.01), 
proline (5.63). Similarly, poultry by product meal has total fatty ac-
ids of 1019.70 mg/g which includes EPA and DHA at 0.13% and 
0.24%, respectively of total lipids.

Poultry by-product meal in aqua diets
Poultry by-product meal-pet food grade (PBM-PFG) (crude 

protein-66%) can effectively replace up to 80% of fish meal in the 
commercial diets of Pacific white leg shrimp, Penaeus vannamei 
[5]. Total replacement of fish meal with PBM might be constrained 
by lower nutrient digestibility and limiting essential amino ac-
ids, especially lysine and methionine. Therefore, 66.7% PBM pro-
tein could replace fish meal without affecting P. vannamei growth 
performances [4]. Similarly, good quality of terrestrial poultry by 
product meal can successfully replace more than half of the pro-
tein from marine fish meal in the diets for humpback grouper [35]. 
[48] suggested that high quality PBM could replace 100% of fish 
meal in diets for Gibel carp without negative impact on growth per-
formance and feed utilization. [19] has demonstrated that combi-
nation of poultry by product meal and blood meal supplemented 
with methionine and lysine could replace up to 66.7% of dietary 
fish meal protein in Gibel carp. [50] suggested that without amino 
acid supplementations, PBM could safely replace up to 25% of fish 
meal protein in the diets for black sea turbot without loss in growth 
performance, nutrient utilization and nitrogen retention. [41] re-
ported that chicken intestine meal can successfully replace fish 
meal up to 100% without addition of any amino acid in grass carp 
(Ctenopharyngodon idella) diet.

[32] suggested that juvenile cobia can be fed using 100% PBM 
protein without negative effect on growth and fillet qualities. How-
ever, 60% of PBM protein is recommended for better growth and 
efficient feed utilization. Similarly, [53] reported that up to 60% of 
dietary fish meal protein could be replaced by supplementation of 
PBM in cobia diets with no significant effect on the growth perfor-
mance. [29] indicated that complete replacement of fish meal with 
PBM in sunshine bass diets are feasible and their economic analy-
sis suggest that the replacement of fish meal with PBM may result 
in reduced revenue over feed costs. [38] recommended a com-
bined poultry by-product and feather meal as a suitable and fish 
meal sparing ingredient in diets for rainbow trout. [15] reported in 
the spotted rose snapper that, up to 90% of the fish meal protein 
in formulated diets can be replaced by good quality PBM without 
any negative effects on health and growth performance. [21] has 
reported that PBM can partially substitute the fish meal without 
negative effects on growth performance and feed utilization of ju-
venile black sea bream. Moreover, the optimal replacement level 
of PBM in black sea bream is 28.30%. [47] has demonstrated that 
fish meal level could be reduced to 24% by inclusion of a blend of 
PBM and feather meal in diets of giant croaker. [13] suggested that 
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fish meal can be substituted up to 50% chicken by-product meal 
without retardation in growth, feed utilization, haematology and 
non-specific immune responses of olive flounder. 

Nile tilapia is able to efficiently utilize minerals from animal by-
products better than plant protein products, and the poultry by-
product meal seems to be an interesting ingredient to compound 
diets for this species due to its higher nutrient digestibility and P 
availability, contributing to reduction of waste outputs in aquacul-
ture production [11]. [8] reported that 53.85% crude protein con-
tent of local, full fat and commercial poultry by product meal can 
totally replace fish meal in practical diets of Nile tilapia. Average 
apparent amino acid availability (91.2%) and protein digestibil-
ity (89.7%) of PBM was higher than Average apparent amino acid 
availability (88.9%) and protein digestibility (88.6%) of fish meal. 
As a result, PBM has been identified as alternative of O. niloticus 
diets and it can be utilized efficiently to improve growth responses 
[11]. [14] suggested that high-quality poultry by-product meal-pet 
grade (PBM-PG) could completely replace fish meal protein in diets 
for fingerling Nile tilapia without affecting growth performance. 
PBM-PG is apparently a viable alternative ingredient in tilapia fin-
gerling diets.

[27] indicated that PBM is a viable alternative ingredient in Nile 
tilapia diets on cage culture system and can be included up to 30% 
in the diet without any deleterious effects on growth response and 
blood biochemical parameters. [1] has demonstrated and proven 
that 50% of fishmeal protein could be replaced by PBM protein 
without any negative effects on growth performance in Nile tila-
pia diets along with the supplementation of lysine, methionine and 
threonine. [51] documented that fish meal can be replaced with 
100% poultry by-product meal in the diet of Nile tilapia O. niloticus, 
without compromising growth performance, nutrients utilization 
and blood contents. [10] revealed that poultry by-product meal in 
the diet of GIFT tilapia could be used as main protein sources to 
substitute fish meal up to 40% of dietary protein without negative 
impact on growth performance and feed utilization. Similarly, PBM 
completely replace the fish meal protein in GIFT tilapia diets, with-
out any negative impacts on growth performance, feed utilization, 
whole-body proximate and amino acid composition and haemato-
biochemical composition [56].

Silkworm pupae meal
The mulberry silkworm pupae is one of the major by-products of 

silk industry. Silkworms are the caterpillars of moth species raised 
for the production of silk. Mulberry silk contributes to around 90% 
of the world silk production. When the silkworm enters the pupa 
phase, it builds a protective cocoon made of raw silk. At the end of 
pupation, the pupa releases an enzyme that creates a hole in the co-
coon and the moth emerges. In order to produce silk, the pupae are 
killed by boiling, drying or soaking in NaOH before they produce 
the enzyme [6,23]. The spent pupae are obtained after reeling of 
silk and it is the major by product from silk industry [6].

One kg of raw silk can be produced from 8 kg of wet silk worm 
pupae (2 kg of dry pupae) [28]. After revealing the silk thread pro-
duction, spent pupae are waste material often discarded in the 
open environment or used as fertilizer [45]. The extracted meal of 
silkworm pupae is used for the production of chitin, the long-chain 
polymer of N-acetylglucosamine which is the main component of 
the exoskeleton [39]. Silkworm pupae meal found to be a suitable 
feed ingredient for livestock notably monogastric animals such 
as poultry, pig and fish due to its high protein content [42]. Fresh 
spent silkworm pupae are easily spoiling due to its high mois-
ture content, so spent pupae are generally sundried and ground 
[46,43,23]. 

SWP is a protein-rich feed ingredient with a high nutritional 
value. Its crude protein content ranges from 52 to 72%, while for 
the defatted meal it can be higher than 80%. The lysine is 6-7% in 
100 g crude protein and methionine plus cystine levels is approxi-
mately 4%. Non-defatted pupae meal is rich in fat, up to 37%. Silk-
worm oil contains a high percentage of polyunsaturated fatty acids, 
notably linolenic acid (18:3), with values ranging from 11 to 45% 
of the total fatty acids [31; 20, 43]. China is leading silk producing 
country in the world and India is the second largest producer of 
silk. Disposal of silkworm pupae meal is a big problem in the silk 
factories. The silk producers after reeling out silk used to throw 
the dead pupae at outdoors, creating nuisance and health hazards 
[44]. Therefore, due to high protein content and local availability, 
silkworm pupae meal can be used as an animal feed ingredient. So, 
the utilization of this resource as feed ingredient is a great way to 
reduce the environmental impact of silk production.
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Nutritional composition of silkworm pupae meal
Silkworm pupae meal (SWP) has 52.3% of crude protein and 

27.8% of crude lipid [22]. According to [25] SWP has 50.02% crude 
protein, 27.85% crude lipid, 4.93% crude fibre and 10.69% ash. 
[30] reported that defatted silkworm pupae meal has crude pro-
tein content of 75.94%, crude lipid of 8.4%. ash of 6.3% and with 
the essential amino acids (%): arginine (2.94), histidine (1.86), iso-
leucine (2.23), leucine (3.90), lysine (3.92), methionine (2.08), phe-
nylalanine (4.17), threonine (2.67), valine (3.12) and non-essen-
tial amino acids (%): alanine (2.77), aspartic acid (6.25), cysteine 
(0.57), glutamic acid (7.17), glycine (3.10), proline (2.60), serine 
(2.55), tyrosine (3.76) and minerals such as phosphorus and cal-
cium at 1.44% and 0.26%, respectively.

Silkworm pupae meal as a fish meal replacer in aqua diets
The silkworm pupae meal derived from reeled silk is also a 

potential fish meal replacer because of its high nutritional value 
similar to fishmeal, as it revealed that 50% of the fish meal protein 
in Jian carp diets can be replaced with silkworm pupae meal with-
out compromising growth performance and the health status of 
the fish [22]. Fishmeal protein was totally replaced with silkworm 
meal in the diet of common carp (Cyprinus carpio) without any neg-
ative impact on fish growth performances [25]. In a comparison 
between silk worm pupae meal and plant leaf meals (alfalfa and 
mulberry), feed conversion efficiency, nutrient digestibility and nu-
trient retention were better for diets based on silkworm meal than 
for diets based on plant leaf meals in common carp [40]. In rohu, 
non-defatted silkworm pupae and defatted silkworm pupae result-
ed in significantly higher protein digestibility values than fishmeal 
[54]. In silver barb (Barbonymus gonionotus) fingerlings, high-
est growth performance was observed in fish fed a diet replacing 
about 38% of total dietary protein by silkworm pupae meal [55].

Mahseer (Tor khudree) fingerlings fed a diet containing 50% de-
fatted silkworm pupae at 5% of body weight had a better growth 
and survival than fingerlings fed no or lower amounts of silkworm 
pupae [36]. Silkworm pupae meal could be used as a substitute for 
fishmeal up to 75% of protein in Asian stinging catfish (Hetero-
pneustes fossilis) diets without adverse effect on growth [17]. Non-
defatted silkworm pupae meal was found to be a suitable fishmeal 
substitute in diets for walking catfish (Clarias batrachus). Digest-
ibility of the crude protein in silkworm meal was found to be similar 
to that in fishmeal [2]. In Japanese sea bass (Lateolabrax japonicus), 

the energy digestibility (73%) of non-defatted silk-worm pupae 
meal was lower than that of poultry by-product meal, feather meal, 
blood meal and soybean meal but comparable to that of meat and 
bone meal. Crude protein digestibility (85%) was also lower than 
that of poultry by-product meal, blood meal and soybean meal but 
was comparable with that of feather meal and higher than that of 
meat and bone meal [22].

[34] reported that only 10% of FM can be replaced with silk-
worm pupae meal without any adverse effects on the values of the 
feed conversion ratio (FCR), specific growth rate (SGR), weight 
gain per cent (WG), condition factor (CF), survival rate (SR), pro-
tein content, lipid content, or net protein utilization (NPU) of Rain-
bow trout (Oncorhynchus mykiss). [26] demonstrated that 100% 
silkworm pupae meal replacement displayed improved weight 
gain, specific growth rate, feed conversion ratio, protein efficiency 
ratio (PER) along with high protein and lipid carcass composition 
in Clarias gariepinus. 

Silkworm pupae meal as fish meal replacer in tilapia diets
Tilapia (Oreochromis mossambicus) was able to utilize the pro-

tein of both defatted and non-defatted silkworm pupae meal with 
high apparent protein digestibility of 85-86% [18]. Moreover, [33] 
reported that silkworm pupae meal can profitably replace fish meal 
even up to 66.66% in Nile tilapia diets without any negative effects 
on growth performance, feed conversion, nutrient utilization, pro-
tein efficiency and economic efficiency. Additionally, silkworm pu-
pae meal can completely replace the dietary fish meal protein in 
GIFT tilapia diets, without any negative effects on growth, nutrient 
utilization, whole-body proximate and amino acid composition and 
haemato-biochemical composition [57].

Conclusion
Fish meal replacement with less expansive and locally available 

ingredients evaluation in commercial aquatic fish and shellfish 
species is not the recent trend. However, this review will support 
and update the information on animal by-products on growth, nu-
trient utilization, whole-body chemical composition and digestive 
enzyme activities of various fish and shellfish species. 

Conflict of Interest
No conflict of interest was reported by authors.

44

A Review of Fishmeal Replacement with Animal By-Products in Aqua Diets

Citation: Govindharaj Sathish kumar., et al. “A Review of Fishmeal Replacement with Animal By-Products in Aqua Diets". Acta Scientific Veterinary  
Sciences 4.11 (2022): 41-47.



Bibliography
1. Aydin B and Gümüş E. “Replacement of Fish Meal by Poul-

try By-product Meal with Lysine, Methionine and Threonine 
Supplementation to Practical Diets for Nile Tilapia Fry (Oreo-
chromis niloticus)”. Israeli Journal of Aquaculture-Bamidgeh 65 
(2012): 7.

2. Borthakur S and Sarma K. “Protein and Fat Digestibility of Son 
e Non-Conventional Fish Meal Replacers Incorporated in the 
Diets of Fish Clarias batrachus (Linn.)”. Environment and Ecol-
ogy 16.2 (1998): 368-371.

3. Bureau DP and Cho CY. “Measuring digestibility in fish. UG/
OMNR Fish Nutrition Research Laboratory”. Technical docu-
ment, University of Guelph, Ontario, Canada (1999).

4. Cheng ZJ., et al. “Effects of poultry by-product meal as a substi-
tute for fish meal in diets on growth and body composition of 
juvenile Pacific white shrimp, Litopenaeus vannamei”. Journal 
of Applied Aquaculture 12.1 (2002): 71-83.

5. Cruz-Suarez LE., et al. “Replacement of fish meal with poultry 
by-product meal in practical diets for Litopenaeus vannamei, 
and digestibility of the tested ingredients and diets”. Aquacul-
ture 272.1-4 (2007): 466-476.

6. Datta Biswas T., et al. “A comparative study of Spinning of 
silkworm in two types of Mountages”. Indian Sericulture 11.2 
(2007): 39-43.

7. Dawson MR., et al. “Evaluation of poultry by-product meal as 
an alternative to fish meal in the diet of juvenile Black Sea Bass 
reared in a recirculating aquaculture system”. North American 
Journal of Aquaculture 80.1 (2018): 74-87.

8. El-Sayed AF. “Total replacement of fish meal with animal pro-
tein sources in Nile tilapia, Oreochromis niloticus (L.), feeds”. 
Aquaculture Research 29.4 (1998): 275-280.

9. FAO I and UNICEF. “WFP and WHO. The state of food security 
and nutrition in the world 2020”. Transforming food systems 
for affordable health diets. Rome, FAO (2020).

10. Felix N., et al. “Effective utilisation of poultry by product meal 
as an ingredient in the diet of Genetically Improved Farmed Ti-
lapia (GIFT), cultured in reservoir cages in Tamil Nadu, South 
India”. INDIAN JOURNAL OF FISHERIES 67.1 (2020): 90-97.

11. Guimaraes IG., et al. “Amino acid availability and protein digest-
ibility of several protein sources for Nile tilapia, Oreochromis 
niloticus”. Aquaculture Nutrition 14.5 (2008): 396-404.

12. Guimaraes IG., et al. “Apparent nutrient digestibility and min-
eral availability of protein-rich ingredients in extruded diets 
for Nile tilapia”. Revista Brasileira de Zootecnia 41.8 (2012): 
1801-1808.

13. Ha MS., et al. “Dietary substitution effect of fish meal with 
chicken by-product meal on growth, feed utilization, body 
composition, haematology and non-specific immune respons-
es of olive flounder (Paralichthys olivaceus)”. Aquaculture Nu-
trition (2020).

14. Hernandez C., et al. “Complete replacement of fish meal by 
porcine and poultry by-product meals in practical diets for 
fingerling Nile tilapia Oreochromis niloticus: digestibility and 
growth performance”. Aquaculture Nutrition 16.1 (2010): 44-
53.

15. Hernandez C., et al. “The potential of pet-grade poultry by-
product meal to replace fish meal in the diet of the juvenile 
spotted rose snapper Lutjanus guttatus (S teindachner, 1869)”. 
Aquaculture Nutrition 20.6 (2014): 623-631.

16. Hertrampf JW and Piedad-Pascual F. “Handbook on ingredi-
ents for aquaculture feeds”. Springer Science and Business Me-
dia (2003).

17. Hossain MA., et al. “Evaluation of silkworm pupae meal as 
dietary protein source for catfish (Heteropneustes fossilis 
Bloch)”. Colloques de l’INRA (France) (1993).

18. Hossain MA., et al. “Nutrient digestibility coefficients of some 
plant and animal proteins for tilapia (Oreochromis mossam-
bicus)”. Journal of Aquaculture in the Tropics 7.2 (1992): 257-
265.

19. Hu M., et al. “Replacement of fish meal by rendered animal 
protein ingredients with lysine and methionine supplementa-
tion to practical diets for gibel carp, Carassius auratus gibelio”. 
Aquaculture 275.1-4 (2008): 260-265.

20. Ioselevich M., et al. “Nutritive value of silkworm pupae for 
ruminants”. In Proc VDLUFA Kongress, Qualitatssicherung in 
land wirts chaft lichen Productions systemin. Rostock (Ger-
many) (2004).

45

A Review of Fishmeal Replacement with Animal By-Products in Aqua Diets

Citation: Govindharaj Sathish kumar., et al. “A Review of Fishmeal Replacement with Animal By-Products in Aqua Diets". Acta Scientific Veterinary  
Sciences 4.11 (2022): 41-47.

https://www.researchgate.net/publication/251571649_Replacement_of_Fishmeal_by_Poultry_By-Product_Meal_Supplemented_with_Lysine_Methionine_and_Threonine_in_Diets_for_Fry_of_Nile_Tilapia_Oreochromis_niloticus
https://www.researchgate.net/publication/251571649_Replacement_of_Fishmeal_by_Poultry_By-Product_Meal_Supplemented_with_Lysine_Methionine_and_Threonine_in_Diets_for_Fry_of_Nile_Tilapia_Oreochromis_niloticus
https://www.researchgate.net/publication/251571649_Replacement_of_Fishmeal_by_Poultry_By-Product_Meal_Supplemented_with_Lysine_Methionine_and_Threonine_in_Diets_for_Fry_of_Nile_Tilapia_Oreochromis_niloticus
https://www.researchgate.net/publication/251571649_Replacement_of_Fishmeal_by_Poultry_By-Product_Meal_Supplemented_with_Lysine_Methionine_and_Threonine_in_Diets_for_Fry_of_Nile_Tilapia_Oreochromis_niloticus
https://www.researchgate.net/publication/251571649_Replacement_of_Fishmeal_by_Poultry_By-Product_Meal_Supplemented_with_Lysine_Methionine_and_Threonine_in_Diets_for_Fry_of_Nile_Tilapia_Oreochromis_niloticus
https://www.tandfonline.com/doi/abs/10.1300/J028v12n01_04
https://www.tandfonline.com/doi/abs/10.1300/J028v12n01_04
https://www.tandfonline.com/doi/abs/10.1300/J028v12n01_04
https://www.tandfonline.com/doi/abs/10.1300/J028v12n01_04
https://www.sciencedirect.com/science/article/abs/pii/S0044848607004073
https://www.sciencedirect.com/science/article/abs/pii/S0044848607004073
https://www.sciencedirect.com/science/article/abs/pii/S0044848607004073
https://www.sciencedirect.com/science/article/abs/pii/S0044848607004073
https://afspubs.onlinelibrary.wiley.com/doi/10.1002/naaq.10009
https://afspubs.onlinelibrary.wiley.com/doi/10.1002/naaq.10009
https://afspubs.onlinelibrary.wiley.com/doi/10.1002/naaq.10009
https://afspubs.onlinelibrary.wiley.com/doi/10.1002/naaq.10009
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-2109.1998.00199.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-2109.1998.00199.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-2109.1998.00199.x
https://www.fao.org/3/ca9692en/online/ca9692en.html
https://www.fao.org/3/ca9692en/online/ca9692en.html
https://www.fao.org/3/ca9692en/online/ca9692en.html
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2095.2007.00540.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2095.2007.00540.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2095.2007.00540.x
https://www.researchgate.net/publication/262635370_Apparent_nutrient_digestibility_and_mineral_availability_of_protein-rich_ingredients_in_extruded_diets_for_Nile_tilapia
https://www.researchgate.net/publication/262635370_Apparent_nutrient_digestibility_and_mineral_availability_of_protein-rich_ingredients_in_extruded_diets_for_Nile_tilapia
https://www.researchgate.net/publication/262635370_Apparent_nutrient_digestibility_and_mineral_availability_of_protein-rich_ingredients_in_extruded_diets_for_Nile_tilapia
https://www.researchgate.net/publication/262635370_Apparent_nutrient_digestibility_and_mineral_availability_of_protein-rich_ingredients_in_extruded_diets_for_Nile_tilapia
https://onlinelibrary.wiley.com/doi/abs/10.1111/anu.13176
https://onlinelibrary.wiley.com/doi/abs/10.1111/anu.13176
https://onlinelibrary.wiley.com/doi/abs/10.1111/anu.13176
https://onlinelibrary.wiley.com/doi/abs/10.1111/anu.13176
https://onlinelibrary.wiley.com/doi/abs/10.1111/anu.13176
https://www.researchgate.net/publication/230051444_Complete_replacement_of_fish_meal_by_porcine_and_poultry_by-product_meals_in_practical_diets_for_fingerling_Nile_tilapia_Oreochromis_niloticus_Digestibility_and_growth_performance
https://www.researchgate.net/publication/230051444_Complete_replacement_of_fish_meal_by_porcine_and_poultry_by-product_meals_in_practical_diets_for_fingerling_Nile_tilapia_Oreochromis_niloticus_Digestibility_and_growth_performance
https://www.researchgate.net/publication/230051444_Complete_replacement_of_fish_meal_by_porcine_and_poultry_by-product_meals_in_practical_diets_for_fingerling_Nile_tilapia_Oreochromis_niloticus_Digestibility_and_growth_performance
https://www.researchgate.net/publication/230051444_Complete_replacement_of_fish_meal_by_porcine_and_poultry_by-product_meals_in_practical_diets_for_fingerling_Nile_tilapia_Oreochromis_niloticus_Digestibility_and_growth_performance
https://www.researchgate.net/publication/230051444_Complete_replacement_of_fish_meal_by_porcine_and_poultry_by-product_meals_in_practical_diets_for_fingerling_Nile_tilapia_Oreochromis_niloticus_Digestibility_and_growth_performance
https://onlinelibrary.wiley.com/doi/abs/10.1111/anu.12122
https://onlinelibrary.wiley.com/doi/abs/10.1111/anu.12122
https://onlinelibrary.wiley.com/doi/abs/10.1111/anu.12122
https://onlinelibrary.wiley.com/doi/abs/10.1111/anu.12122
https://link.springer.com/book/10.1007/978-94-011-4018-8
https://link.springer.com/book/10.1007/978-94-011-4018-8
https://link.springer.com/book/10.1007/978-94-011-4018-8
https://agris.fao.org/agris-search/search.do?recordID=BD19920119835
https://agris.fao.org/agris-search/search.do?recordID=BD19920119835
https://agris.fao.org/agris-search/search.do?recordID=BD19920119835
https://www.researchgate.net/publication/292328077_Nutrient_digestibility_coefficients_of_some_plant_and_animal_proteins_for_tilapia_Oreochromis_mossambicus
https://www.researchgate.net/publication/292328077_Nutrient_digestibility_coefficients_of_some_plant_and_animal_proteins_for_tilapia_Oreochromis_mossambicus
https://www.researchgate.net/publication/292328077_Nutrient_digestibility_coefficients_of_some_plant_and_animal_proteins_for_tilapia_Oreochromis_mossambicus
https://www.researchgate.net/publication/292328077_Nutrient_digestibility_coefficients_of_some_plant_and_animal_proteins_for_tilapia_Oreochromis_mossambicus
https://www.sciencedirect.com/science/article/abs/pii/S0044848608000173
https://www.sciencedirect.com/science/article/abs/pii/S0044848608000173
https://www.sciencedirect.com/science/article/abs/pii/S0044848608000173
https://www.sciencedirect.com/science/article/abs/pii/S0044848608000173
https://www.uni-hohenheim.de/en/organization/publikation/nutritive-value-of-silkworm-pupae-for-ruminants
https://www.uni-hohenheim.de/en/organization/publikation/nutritive-value-of-silkworm-pupae-for-ruminants
https://www.uni-hohenheim.de/en/organization/publikation/nutritive-value-of-silkworm-pupae-for-ruminants
https://www.uni-hohenheim.de/en/organization/publikation/nutritive-value-of-silkworm-pupae-for-ruminants


21. Irm M., et al. “Effects of replacement of fish meal by poultry 
by-product meal on growth performance and gene expression 
involved in protein metabolism for juvenile black sea bream 
(Acanthoparus schlegelii)”. Aquaculture (2020): 735544.

22. Ji H., et al. “Effect of replacement of dietary fish meal with silk-
worm pupae meal on growth performance, body composition, 
intestinal protease activity and health status in juvenile Jian 
carp (Cyprinus carpio var. Jian)”. Aquaculture Research 46.5 
(2015): 1209-1221.

23. Jintasatapomr O., et al. “Production Performance of Broiler 
chickens Fed with Silkworm Pupa (Bombyx mori) (2012).

24. Mohanta KN., et al. “Plant feed resources of India”. Invited Pa-
pers on Application of Solid-State Fermentation Technology in 
Aquaculture (2012): 100-113.

25. Nandeesha MC., et al. “Effects of non-defatted silkworm-pupae 
in diets on the growth of common carp, Cyprinus carpio”. Bio-
logical Wastes 33.1 (1990): 17-23.

26. Olaniyi CO and Babasanmi GO., et al. “Performance character-
istics of African Catfish (Clarias gariepinus) fed varying inclu-
sion levels of silkworm pupae (Anaphe infracta)”. Bangladesh 
Journal of Animal Science 42.1 (2013): 76-80.

27. Palupi ET., et al. “Growth performance, digestibility, and blood 
biochemical parameters of Nile tilapia (Oreochromis niloticus) 
reared in floating cages and fed poultry by-product meal”. 
Journal of Applied Aquaculture 32.1 (2020): 16-33.

28. Patil SR., et al. “Utilization of silkworm litter and pupal waste-
an eco-friendly approach for mass production of Bacillus 
thuringiensis”. Bioresource Technology 131 (2013): 545-547.

29. Pine HJ., et al. “Replacement of Fish Meal with Poultry By-
product Meal as a Protein Source in Pond-raised Sunshine 
Bass, Morone chrysops♀× M. saxatlis♂, Diets”. Journal of the 
World Aquaculture Society 39.5 (2008): 586-597.

30. Rahimnejad S., et al. “Replacement of fish meal with defat-
ted silkworm (Bombyx mori L.) pupae meal in diets for Pa-
cific white shrimp (Litopenaeus vannamei)”. Aquaculture 510 
(2019): 150-159.

31. Rao PU. “Chemical composition and nutritional evaluation of 
spent silkworm pupae”. Journal of Agricultural and Food Chem-
istry 42.10 (1994): 2201-2203.

32. Saadiah I., et al. “Replacement of fishmeal in cobia (Rachycen-
tron canadum) diets using poultry by-product meal”. Aquacul-
ture International 19.4 (2011): 637-648.

33. Salem MFI., et al. “Replacement of fish meal by silkworm, Bom-
byx mori pupae meal. Nile tilapia, Oreochromis niloticus diets”. 
Egytptian Journal of Nutrition and Feeds 11.3 (2008): 611-624.

34. Shakoori M., et al. “Growth, survival, and body composition of 
rainbow trout, Oncorhynchus mykiss, when dietary fish meal is 
replaced with silkworm (Bombyx mori) pupae”. Fisheries and 
Aquatic Life 24.1 (2016): 53-57.

35. Shapawi R., et al. “Replacement of fish meal with poultry by-
product meal in diets formulated for the humpback grouper, 
Cromileptes altivelis”. Aquaculture 273.1 (2007): 118-126.

36. Shyama S and Keshavanath P. “Growth response of Tor khudree 
to silkworm pupa incorporated diets”. Colloques de l’INRA 
(France) (1993).

37. Siddik MA., et al. “Bioprocessed poultry by-product meals 
on growth, gut health and fatty acid synthesis of juvenile 
barramundi, Lates calcarifer (Bloch)”. Plos One 14.4 (2019): 
e0215025.

38. Steffens W. “Replacing fish meal with poultry by-product meal 
in diets for rainbow trout, Oncorhynchus mykiss”. Aquaculture 
124.1-4 (1994): 27-34.

39. Suresh PV., et al. “Application of chitosan for improvement of 
quality and shelf life of table eggs under tropical room condi-
tions”. Journal of Food Science and Technology 52.10 (2015): 
6345-6354.

40. Swamy HV and Devaraj KV. “Nutrient utilization by common 
carp (Cyprinus carpio Linn) fed protein from leaf meal and 
silkworm pupae meal-based diets”. Indian Journal of Animal 
Nutrition 11.2 (1994): 67-71.

41. Tabinda AB and Butt A. “Replacement of fish meal with poul-
try by-product meal (chicken intestine) as a protein source in 
grass carp fry diet”. Pakistan Journal of Zoology 44.5 (2012).

46

A Review of Fishmeal Replacement with Animal By-Products in Aqua Diets

Citation: Govindharaj Sathish kumar., et al. “A Review of Fishmeal Replacement with Animal By-Products in Aqua Diets". Acta Scientific Veterinary  
Sciences 4.11 (2022): 41-47.

https://www.sciencedirect.com/science/article/abs/pii/S004484862030260X
https://www.sciencedirect.com/science/article/abs/pii/S004484862030260X
https://www.sciencedirect.com/science/article/abs/pii/S004484862030260X
https://www.sciencedirect.com/science/article/abs/pii/S004484862030260X
https://onlinelibrary.wiley.com/doi/abs/10.1111/are.12276
https://onlinelibrary.wiley.com/doi/abs/10.1111/are.12276
https://onlinelibrary.wiley.com/doi/abs/10.1111/are.12276
https://onlinelibrary.wiley.com/doi/abs/10.1111/are.12276
https://onlinelibrary.wiley.com/doi/abs/10.1111/are.12276
https://www.researchgate.net/publication/291160267_Production_performance_of_broiler_chickens_fed_with_silkworm_pupa_Bombyx_mori
https://www.researchgate.net/publication/291160267_Production_performance_of_broiler_chickens_fed_with_silkworm_pupa_Bombyx_mori
https://www.researchgate.net/publication/345759718_Plant_Feed_Resources_of_lndia
https://www.researchgate.net/publication/345759718_Plant_Feed_Resources_of_lndia
https://www.researchgate.net/publication/345759718_Plant_Feed_Resources_of_lndia
https://www.sciencedirect.com/science/article/abs/pii/026974839090118C
https://www.sciencedirect.com/science/article/abs/pii/026974839090118C
https://www.sciencedirect.com/science/article/abs/pii/026974839090118C
https://www.sciencegate.app/document/10.3329/bjas.v42i1.15787
https://www.sciencegate.app/document/10.3329/bjas.v42i1.15787
https://www.sciencegate.app/document/10.3329/bjas.v42i1.15787
https://www.sciencegate.app/document/10.3329/bjas.v42i1.15787
https://www.researchgate.net/publication/332704897_Growth_performance_digestibility_and_blood_biochemical_parameters_of_Nile_tilapia_Oreochromis_niloticus_reared_in_floating_cages_and_fed_poultry_by-product_meal
https://www.researchgate.net/publication/332704897_Growth_performance_digestibility_and_blood_biochemical_parameters_of_Nile_tilapia_Oreochromis_niloticus_reared_in_floating_cages_and_fed_poultry_by-product_meal
https://www.researchgate.net/publication/332704897_Growth_performance_digestibility_and_blood_biochemical_parameters_of_Nile_tilapia_Oreochromis_niloticus_reared_in_floating_cages_and_fed_poultry_by-product_meal
https://www.researchgate.net/publication/332704897_Growth_performance_digestibility_and_blood_biochemical_parameters_of_Nile_tilapia_Oreochromis_niloticus_reared_in_floating_cages_and_fed_poultry_by-product_meal
https://www.sciencedirect.com/science/article/abs/pii/S0960852412020111
https://www.sciencedirect.com/science/article/abs/pii/S0960852412020111
https://www.sciencedirect.com/science/article/abs/pii/S0960852412020111
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1749-7345.2008.00202.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1749-7345.2008.00202.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1749-7345.2008.00202.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1749-7345.2008.00202.x
https://www.sciencedirect.com/science/article/abs/pii/S0044848619306647
https://www.sciencedirect.com/science/article/abs/pii/S0044848619306647
https://www.sciencedirect.com/science/article/abs/pii/S0044848619306647
https://www.sciencedirect.com/science/article/abs/pii/S0044848619306647
https://pubs.acs.org/doi/10.1021/jf00046a023
https://pubs.acs.org/doi/10.1021/jf00046a023
https://pubs.acs.org/doi/10.1021/jf00046a023
https://link.springer.com/article/10.1007/s10499-010-9378-8
https://link.springer.com/article/10.1007/s10499-010-9378-8
https://link.springer.com/article/10.1007/s10499-010-9378-8
https://www.academia.edu/32135778/REPLACEMENT_OF_FISH_MEAL_BY_SILKWORM_BOMBYX_MORI_PUPAE_MEAL_IN_NILE_TILAPIA_OREOCHROMIS_NILOTICUS_DIETS
https://www.academia.edu/32135778/REPLACEMENT_OF_FISH_MEAL_BY_SILKWORM_BOMBYX_MORI_PUPAE_MEAL_IN_NILE_TILAPIA_OREOCHROMIS_NILOTICUS_DIETS
https://www.academia.edu/32135778/REPLACEMENT_OF_FISH_MEAL_BY_SILKWORM_BOMBYX_MORI_PUPAE_MEAL_IN_NILE_TILAPIA_OREOCHROMIS_NILOTICUS_DIETS
https://www.researchgate.net/publication/301248619_Growth_survival_and_body_composition_of_rainbow_trout_Oncorhynchus_mykiss_when_dietary_fish_meal_is_replaced_with_silkworm_Bombyx_mori_pupae
https://www.researchgate.net/publication/301248619_Growth_survival_and_body_composition_of_rainbow_trout_Oncorhynchus_mykiss_when_dietary_fish_meal_is_replaced_with_silkworm_Bombyx_mori_pupae
https://www.researchgate.net/publication/301248619_Growth_survival_and_body_composition_of_rainbow_trout_Oncorhynchus_mykiss_when_dietary_fish_meal_is_replaced_with_silkworm_Bombyx_mori_pupae
https://www.researchgate.net/publication/301248619_Growth_survival_and_body_composition_of_rainbow_trout_Oncorhynchus_mykiss_when_dietary_fish_meal_is_replaced_with_silkworm_Bombyx_mori_pupae
https://www.sciencedirect.com/science/article/abs/pii/S0044848607009180
https://www.sciencedirect.com/science/article/abs/pii/S0044848607009180
https://www.sciencedirect.com/science/article/abs/pii/S0044848607009180
https://www.researchgate.net/publication/235900071_Growth_response_and_flesh_quality_of_common_carp_Cyprinus_carpio_fed_with_high_levels_of_nondefatted_silkworm_pupae
https://www.researchgate.net/publication/235900071_Growth_response_and_flesh_quality_of_common_carp_Cyprinus_carpio_fed_with_high_levels_of_nondefatted_silkworm_pupae
https://www.researchgate.net/publication/235900071_Growth_response_and_flesh_quality_of_common_carp_Cyprinus_carpio_fed_with_high_levels_of_nondefatted_silkworm_pupae
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0215025
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0215025
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0215025
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0215025
https://www.sciencedirect.com/science/article/abs/pii/0044848694903514'
https://www.sciencedirect.com/science/article/abs/pii/0044848694903514'
https://www.sciencedirect.com/science/article/abs/pii/0044848694903514'
https://www.indianjournals.com/ijor.aspx?target=ijor:ijan&volume=11&issue=2&article=001
https://www.indianjournals.com/ijor.aspx?target=ijor:ijan&volume=11&issue=2&article=001
https://www.indianjournals.com/ijor.aspx?target=ijor:ijan&volume=11&issue=2&article=001
https://www.indianjournals.com/ijor.aspx?target=ijor:ijan&volume=11&issue=2&article=001
https://www.researchgate.net/publication/285985369_Replacement_of_Fish_Meal_With_Poultry_By-Product_Meal_Chicken_Intestine_as_a_Protein_Source_in_Grass_Carp_Fry_Diet
https://www.researchgate.net/publication/285985369_Replacement_of_Fish_Meal_With_Poultry_By-Product_Meal_Chicken_Intestine_as_a_Protein_Source_in_Grass_Carp_Fry_Diet
https://www.researchgate.net/publication/285985369_Replacement_of_Fish_Meal_With_Poultry_By-Product_Meal_Chicken_Intestine_as_a_Protein_Source_in_Grass_Carp_Fry_Diet


42. Trivedy K., et al. “Protein banding pattern and major amino 
acid component in de-oiled pupal powder of silkworm, Bom-
byx mori Linn”. Journal of Entomology 5.1 (2008): 10-16.

43. Usub T., et al. “Experimental performance of a solar tunnel 
dryer for drying silkworm pupae”. Biosystems Engineering 
101.2 (2008): 209-216.

44. Wang J., et al. “Process optimization for the enrichment of 
α-linolenic acid from silkworm pupal oil using response sur-
face methodology”. African Journal of Biotechnology, 9.20 
(2010).

45. Wei ZJ., et al. “Optimization of supercritical carbon dioxide ex-
traction of silkworm pupal oil applying the response surface 
methodology”. Bioresource Technology 100.18 (2009): 4214-
4219.

46. Wijayasinghe MS and Rajaguru ASB. “Use of silkworm (Bom-
byx mori L.) pupae as a protein supplement in poultry rations”. 
Journal of the National Science Council of Sri Lanka 5.2 (1977): 
95-104.

47. Wu YB., et al. “Replacing fish meal with a blend of poultry by-
product meal and feather meal in diets for giant croaker (Ni-
bea japonica)”. Aquaculture Nutrition 24.3 (2018): 1085-1091.

48. Yang Y., et al. “Partial and total replacement of fishmeal with 
poultry by-product meal in diets for gibel carp, Carassius au-
ratus gibelio Bloch”. Aquaculture Research 37.1 (2006): 40-48.

49. Yang Y., et al. “Effect of replacement of fish meal by meat and 
bone meal and poultry by-product meal in diets on the growth 
and immune response of Macrobrachium nipponense”. Fish 
and Shellfish Immunology 17.2 (2004): 105-114.

50. Yigit M., et al. “Substituting fish meal with poultry by-product 
meal in diets for black Sea turbot Psetta maeotica”. Aquacul-
ture Nutrition 12.5 (2006): 340-347.

51. Yones AMM and Metwalli AA. “Effects of fish meal substitution 
with poultry by-product meal on growth performance, nu-
trients utilization and blood contents of juvenile Nile Tilapia 
(Oreochromis niloticus)”. Journal of Aquaculture Research and 
Development 7.1 (2015).

52. Yu Y. “Replacement of fishmeal with poultry by-product meal 
and meat and bone meal in shrimp, tilapia and trout diets”. 
Avancesen Nutricion Acuicola (2004).

53. Zhou QC., et al. “Evaluation of poultry by-product meal in 
commercial diets for juvenile cobia (Rachycentron canadum)”. 
Aquaculture 322 (2011): 122-127.

54. Hossain MA., et al. “Nutrient digestibility coefficients of some 
plant and animal proteins for rohu (Labeo rohita)”. Aquacul-
ture 151.1-4 (1997): 37-45.

55. Mahata SC., et al. “Evaluation of silkworm pupae as dietary 
protein source for Thai sharpunti Puntius gonionotus”. Journal 
Aquaculture Tropics 9 (1994): 77-85.

56. Sathishkumar G., et al. “Effects of dietary protein substitution 
of fish meal with bioprocessed poultry by-product meal on 
growth performances, nutrient utilization, whole-body com-
position and haemato-biochemical responses of GIFT tilapia 
reared in floating cages”. Aquaculture Research 52.11 (2021): 
5407-5418.

57. Sathishkumar G., et al. “Growth performances and nutrient 
utilization efficiency of GIFT tilapia reared in floating net cag-
es fed with bioprocessed silkworm pupae meal”. Aquaculture 
Nutrition 27.6 (2021): 2786-279.

47

A Review of Fishmeal Replacement with Animal By-Products in Aqua Diets

Citation: Govindharaj Sathish kumar., et al. “A Review of Fishmeal Replacement with Animal By-Products in Aqua Diets". Acta Scientific Veterinary  
Sciences 4.11 (2022): 41-47.

https://scialert.net/abstract/?doi=je.2008.10.16
https://scialert.net/abstract/?doi=je.2008.10.16
https://scialert.net/abstract/?doi=je.2008.10.16
https://www.ajol.info/index.php/ajb/article/view/79958
https://www.ajol.info/index.php/ajb/article/view/79958
https://www.ajol.info/index.php/ajb/article/view/79958
https://www.ajol.info/index.php/ajb/article/view/79958
https://pubmed.ncbi.nlm.nih.gov/19414250/
https://pubmed.ncbi.nlm.nih.gov/19414250/
https://pubmed.ncbi.nlm.nih.gov/19414250/
https://pubmed.ncbi.nlm.nih.gov/19414250/
https://www.researchgate.net/publication/237444235_Use_of_Silkworm_Bombyx_mori_L_Pupae_as_a_Protein_Supplement_in_Poultry_Rations
https://www.researchgate.net/publication/237444235_Use_of_Silkworm_Bombyx_mori_L_Pupae_as_a_Protein_Supplement_in_Poultry_Rations
https://www.researchgate.net/publication/237444235_Use_of_Silkworm_Bombyx_mori_L_Pupae_as_a_Protein_Supplement_in_Poultry_Rations
https://www.researchgate.net/publication/237444235_Use_of_Silkworm_Bombyx_mori_L_Pupae_as_a_Protein_Supplement_in_Poultry_Rations
https://onlinelibrary.wiley.com/doi/10.1111/anu.12647
https://onlinelibrary.wiley.com/doi/10.1111/anu.12647
https://onlinelibrary.wiley.com/doi/10.1111/anu.12647
https://www.researchgate.net/publication/230099593_Partial_and_total_replacement_of_fishmeal_with_poultry_by-product_meal_in_diets_for_gibel_carp_Carassius_auratus_gibelio_Bloch
https://www.researchgate.net/publication/230099593_Partial_and_total_replacement_of_fishmeal_with_poultry_by-product_meal_in_diets_for_gibel_carp_Carassius_auratus_gibelio_Bloch
https://www.researchgate.net/publication/230099593_Partial_and_total_replacement_of_fishmeal_with_poultry_by-product_meal_in_diets_for_gibel_carp_Carassius_auratus_gibelio_Bloch
https://pubmed.ncbi.nlm.nih.gov/15212730/
https://pubmed.ncbi.nlm.nih.gov/15212730/
https://pubmed.ncbi.nlm.nih.gov/15212730/
https://pubmed.ncbi.nlm.nih.gov/15212730/
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2095.2006.00409.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2095.2006.00409.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2095.2006.00409.x
https://www.researchgate.net/publication/298803438_Effects_of_Fish_Meal_Substitution_with_Poultry_By-product_Meal_on_Growth_Performance_Nutrients_Utilization_and_Blood_Contents_of_Juvenile_Nile_Tilapia_Oreochromis_niloticus
https://www.researchgate.net/publication/298803438_Effects_of_Fish_Meal_Substitution_with_Poultry_By-product_Meal_on_Growth_Performance_Nutrients_Utilization_and_Blood_Contents_of_Juvenile_Nile_Tilapia_Oreochromis_niloticus
https://www.researchgate.net/publication/298803438_Effects_of_Fish_Meal_Substitution_with_Poultry_By-product_Meal_on_Growth_Performance_Nutrients_Utilization_and_Blood_Contents_of_Juvenile_Nile_Tilapia_Oreochromis_niloticus
https://www.researchgate.net/publication/298803438_Effects_of_Fish_Meal_Substitution_with_Poultry_By-product_Meal_on_Growth_Performance_Nutrients_Utilization_and_Blood_Contents_of_Juvenile_Nile_Tilapia_Oreochromis_niloticus
https://www.researchgate.net/publication/298803438_Effects_of_Fish_Meal_Substitution_with_Poultry_By-product_Meal_on_Growth_Performance_Nutrients_Utilization_and_Blood_Contents_of_Juvenile_Nile_Tilapia_Oreochromis_niloticus
https://www.uanl.mx/utilerias/nutricion_acuicola/VII/archivos/9YuYu.pdf
https://www.uanl.mx/utilerias/nutricion_acuicola/VII/archivos/9YuYu.pdf
https://www.uanl.mx/utilerias/nutricion_acuicola/VII/archivos/9YuYu.pdf
https://www.researchgate.net/publication/251502580_Evaluation_of_poultry_by-product_meal_in_commercial_diets_for_juvenile_cobia_Rachycentron_canadum
https://www.researchgate.net/publication/251502580_Evaluation_of_poultry_by-product_meal_in_commercial_diets_for_juvenile_cobia_Rachycentron_canadum
https://www.researchgate.net/publication/251502580_Evaluation_of_poultry_by-product_meal_in_commercial_diets_for_juvenile_cobia_Rachycentron_canadum
https://www.sciencedirect.com/science/article/abs/pii/S0044848696014810
https://www.sciencedirect.com/science/article/abs/pii/S0044848696014810
https://www.sciencedirect.com/science/article/abs/pii/S0044848696014810
https://eurekamag.com/research/031/327/031327216.php
https://eurekamag.com/research/031/327/031327216.php
https://eurekamag.com/research/031/327/031327216.php
https://onlinelibrary.wiley.com/doi/abs/10.1111/are.15410
https://onlinelibrary.wiley.com/doi/abs/10.1111/are.15410
https://onlinelibrary.wiley.com/doi/abs/10.1111/are.15410
https://onlinelibrary.wiley.com/doi/abs/10.1111/are.15410
https://onlinelibrary.wiley.com/doi/abs/10.1111/are.15410
https://onlinelibrary.wiley.com/doi/abs/10.1111/are.15410
https://onlinelibrary.wiley.com/doi/abs/10.1111/anu.13408
https://onlinelibrary.wiley.com/doi/abs/10.1111/anu.13408
https://onlinelibrary.wiley.com/doi/abs/10.1111/anu.13408
https://onlinelibrary.wiley.com/doi/abs/10.1111/anu.13408

	_GoBack
	_Hlk107841233

