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A Glimpse of Invasive Janitor Fish Pterygoplichthys as Alternative
Protein Source for Animal Feed — A Review
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Abstract | Janitor fish (Pterygoplichthys spp.) are widely reported as invasive freshwater fishes, but the biomass removed
from invaded systems may also have value as an animal-feed ingredient. This review examines available evidence on
their nutrient composition, processing options, feeding applications, and safety limitations. Reported whole-body
meals generally contain high crude protein (about 54-62%) and low lipid content, although ash content can be high
because of the armored body structure. Several processing routes have been tested, including conventional fishmeal
production, acid or biological silage, and enzymatic hydrolysis. Feeding studies in poultry, aquaculture species, and
ruminants suggest that processed Prerygoplichthys products can partly or completely replace conventional fishmeal in
some diets without clear adverse effects on growth performance, feed use, carcass traits, or milk quality. However, these
findings should be interpreted cautiously because available studies differ in species, processing methods, inclusion levels,
and contaminant screening. Heavy metal accumulation, particularly lead, cadmium, and mercury, remains the main
constraint when fish are collected from polluted waters. The safe use of Prerygoplichthys as feed therefore depends on
source-water quality, raw-material testing, appropriate processing, and compliance with feed-safety standards. Overall,
the evidence supports further evaluation of Prerygoplichthys biomass as a locally available protein resource, but broader
adoption requires stronger data on nutrient consistency, contaminant control, supply volume, and economic feasibility.
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INTRODUCTION sources, particularly ingredients that can be produced
from underused or problematic biological resources (Hua

Fishmeal remains an important protein ingredient in ¢7 al, 2019; Sandstrom ez al., 2022). One compelling
animal and aquaculture feeds, but its use is affected candidate is the janitor fish or armored suckermouth

by cost, supply fluctuation, and pressure on marine catfish (Prerygoplichthys spp.), a South American loricariid
resources (FAO, 2022; Macusi e al, 2023). These genus that has established invasive populations in several
concerns have encouraged interest in alternative protein regions after introduction through the ornamental fish
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trade (Hossain ez al., 2018; Orfinger and Goodding, 2018;
Patoka ez al., 2020). In invaded freshwater systems, these
fishes may affect native biodiversity, habitat structure, and
local fisheries. Established populations have been reported
in India, Bangladesh, Mexico, Indonesia, the Philippines,
and other tropical and subtropical areas (Wakida-
Kusunoki ez a/., 2007; Hubilla ez al., 2007; Bijukumar ez
al., 2015; Mamun ez al., 2023; Ganguly and Umapathy,
2024). In different regions, they are commonly known
by various local or trade names, including ‘devil fish’ in
Mexico (Garcia-Hernandez ez al., 2020), ‘janitor fish’ in
the Philippines (Hubilla ez a/., 2007), and ‘plecos’ in the
global aquarium trade (Orfinger and Goodding, 2018). In
Indonesia, the vernacular name “sapu-sapu” is used more
broadly for loricariid suckermouth catfishes and has also
been applied to fish identified as Hypostomus plecostomus
(Asnawi ef al., 2021). Nevertheless, several introduced
sailfin catfish populations in Southeast Asia have been
identified as Pterygoplichthys spp., particularly P pardalis,
P disjunctivus, or morphologically intermediate forms
(Jumawan ez al., 2011; Wu ez al., 2011; USFWS, 2018).
Their air-breathing ability, tolerance to hypoxia and
degraded waters, armored morphology, and reproductive
capacity make control difficult once populations become
established (da Cruz ez a/., 2013; Froese and Pauly, 2018).
These same traits also produce a large and often discarded

Invasive Pterygoplichthys
increases ecological pressure

biomass that could be evaluated as a feed resource rather
than treated only as waste.

Using invasive Prerygoplichthys biomass in animal feeds may
provide two linked benefits: removal of unwanted fish from
aquatic systems and generation of a local protein ingredient.
Several studies have tested Prerygoplichthys meal or silage in
beef cattle, poultry, aquaculture species, and dairy animals,
with generally acceptable performance when the material
was processed and included at appropriate levels (Ornelas
et al., 2011; Castillo-Mercado ez al., 2020; Intawicha et
al., 2020). However, the evidence remains scattered across
animal species and processing methods. Some studies focus
mainly on proximate composition, others on performance
responses, and others on contamination risks. As a result,
the practical value of this fish as a feed ingredient cannot be
judged from protein content alone. A more comprehensive
assessment should consider nutritional value, processing
requirements, feeding responses, safety concerns, and
broader sustainability considerations. Figure 1 presents the
main considerations involved in evaluating Prerygoplichthys
as a potential feed resource. This review therefore brings
together the available evidence, with particular attention to
where findings are consistent, where uncertainties remain,
and what safeguards are needed before wider field-level
application.
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Figure 1: Key considerations in the use of invasive Pterygoplichthys biomass as an alternative protein source for animal
feed, including biomass recovery, processing, nutritional value, feed applications, and contaminant assessment.
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The objective of this review is to synthesize current
evidence on the use of janitor fish as an alternative protein
source for animal feeds. The discussion covers nutritional
composition, processing and conversion technologies,
feeding applications in livestock and aquaculture, safety
concerns, and sustainability or regulatory considerations.
The review also identifies research gaps that should be
addressed before Prerygoplichthys-derived ingredients can
be recommended for wider and routine use in animal
production.

SEARCH STRATEGY AND LITERATURE SELECTION
Electronic databases of published scientific literature were
used as the primary sources for this review. A structured
literature search was conducted using Scopus, Web of
Science, PubMed, and Google Scholar to identify relevant
studies published between 2007 and 2025, with earlier or
foundational reports included when relevant. Additional
papers were identified through cross-referencing of
the retrieved articles. The search strategy combined
keywords related to the target species and its potential
use in animal feeding using Boolean operators (AND/
OR), including “Prerygoplichthys”, “janitor fish”, “armored
catfish”, “nutritional composition”, “fishmeal replacement”,
“processing  technologies”, “fish  silage”, “protein
hydrolysate”, “animal feed”, “poultry nutrition”, “aquaculture
nutrition”, “ruminant supplementation”, “heavy metals”,
and “invasive species utilization”. Database-specific syntax
was adjusted where necessary while maintaining equivalent
search concepts.

Only English-language, peer-reviewed articles were
considered. Greater emphasis was placed on studies
with clearly described methodologies and sufficient data
relevant to the objectives of this review. Studies were
included when they reported nutrient composition,
processing methods, feeding responses, safety aspects, or
sustainability of Pterygoplichthys spp. Studies unrelated
to these topics, duplicate publications, or reports lacking
sufficient methodological or experimental information
were excluded. Because the available evidence consisted
of heterogeneous analytical, processing, feeding,
environmental, and observational studies, no formal risk-
of-bias assessment or quantitative meta-analysis was
performed. Instead, the literature was critically synthesized
using a narrative approach, with findings interpreted
according to study design, sample source, processing
methods, animal species, feeding application, reported
contaminants, and the limitations of individual studies.

NUTRIENT COMPOSITION OF PTERYGOPLICHTHYS SPP.
Across studies, Prerygoplichthys spp. consistently exhibit
a high-protein, low-lipid biochemical profile, but its

composition varies with species, body part, and processing

method (Table 1). Whole-body meals of P pardalis
generally contain approximately 54-62% crude protein,
6.0-6.4% crude fat, and 21-25% ash. The high ash content
is expected because the fish has dermal armor containing
collagen and hydroxyapatite (Ebenstein ez a/., 2015). From
a feed-formulation perspective, this mineral fraction is
important because it can dilute organic nutrients, reduce
metabolizable energy, and limit inclusion rates, especially
in monogastric diets. Variation in crude protein also
appears to reflect sample type. Srinual ez a/. (2020), for
example, reported 62.18% crude protein and 25.14% ash
in processed meal, whereas the much higher value reported
for fresh muscle samples by Rezky (2025) likely reflects
selective sampling of low-mineral tissue and differences in
drying or basis of expression. Sookying ez a/.(2025) reported
high concentrations of essential amino acids in P pardalis
meal, including lysine, leucine, and arginine. However,
sulfur amino acids appear more variable. Srinual ez a/.
(2020) reported lower methionine relative to fishmeal, and
Mohanty e al. (2017) observed that P, disjunctivus muscle
was dominated by leucine and phenylalanine but contained
lower sulfur amino acids. Diets using this ingredient may
therefore still require amino-acid balancing, particularly
for poultry and swine. Lipid content is generally low, but
the fatty-acid fraction may contain a high proportion of
polyunsaturated fatty acids, including 15.32% arachidonic
acid (ARA) and 13.90% docosahexaenoic acid (DHA)
in P digjunctivus muscle (Mohanty ez al., 2017; Guo et
al., 2019). This may be useful in aquaculture diets, but it
may also increase susceptibility to oxidative deterioration
during processing and storage (Glencross, 2009; Guo ez al.,
2019; Castillo-Mercado ez al., 2020). Overall, the nutrient
profile supports the potential use of Pterygoplichthys as a
protein ingredient, but high ash content and compositional
variability are recurring issues that should be addressed
through processing, ingredient specifications, and routine
quality testing. Table 2 compares selected proximate values
tor Pterygoplichthys with other feed protein sources.

PROCESSING AND CONVERSION TECHNOLOGIES FOR
JANITOR FISH

Table 3 summarizes the main processing routes reported
tor  Pterygoplichthys biomass. Conventional fishmeal
production is the most familiar option for feed use because
it produces a dry ingredient that can be transported,
stored, and incorporated into formulated diets. Reported
preparation methods include evisceration, roasting, air-
drying, oven-drying, milling, and sieving (Panase ez a/,
2018; Intawicha ez al., 2020). A practical limitation is
the hard dermal armor, which contributes to the high
ash content of whole-body meals (Wijayanti ez a/,
2023). Where practical, removing dermal plates and
other mineral-rich tissues before drying and milling may
improve meal quality. Enzymatic hydrolysis may offer an
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alternative by recovering soluble proteins while leaving
more mineral-rich residues for separate handling, although
its application to feed-grade Prerygoplichthys meal still
requires further evaluation (Chalamaiah ez 4/, 2012). At
smaller scales, fish silage may be more feasible because it
uses simpler equipment and can process whole or residual
fish materials. Acid silage, such as devil fish acid silage, relies
on rapid acidification to about pH 4.0, whereas biological
silage uses fermentation substrates and starter cultures
(Ornelas ez al., 2011; Castillo-Mercado ez al., 2020). Both
methods promote protein breakdown and produce semi-
liquid materials containing soluble peptides and amino
acids (Cano-Salgado ez a/., 2022). The main advantage is
lower energy demand and possible use in decentralized
processing systems, although product handling and storage
conditions must be controlled (Libonatti ez /., 2023).

Fish protein hydrolysates represent a more specialized
processing route. They are produced through enzymatic
or autolytic hydrolysis and may be valuable where soluble
peptides or bioactive fractions are desired (Guo eza/.,2019).
Protein hydrolysates have been associated with improved
intake, gut development, immune responses, and early
growth in several animal species, although these effects
depend on ingredient source, peptide profile, inclusion
level, and diet formulation (Hou ez a/., 2017; Bhati and
Hayes, 2025). For P, pardalis, Prihanto ez a/. (2021) reported
a protein hydrolysate yield of 57.39% after hydrolysis at
pH 9 for 24 h. Beyond feed, the mineral-rich skeletal

structure has also been used for collagen, hydroxyapatite,

and bone-char production (Ebenstein ez al, 2015;
Cisneros-Ontiveros e al., 2024). Among these processing
options, conventional meal is likely the most direct route
for feed manufacture, silage may suit low-resource or
community-level use, and hydrolysate production may be
more appropriate for higher-value products. In all cases,
processing should be evaluated not only for yield but also
for ash reduction, nutrient digestibility, oxidative stability,
and contaminant control.

FEEDING APPLICATIONS ACROSS LIVESTOCK AND
AQUACULTURE SPECIES

Pterygoplichthys-derived feed materials have been tested in
poultry, aquaculture species, and ruminants (Table 4). Most
studies report that processed meals or silages can replace
part of conventional fishmeal or protein supplements
without marked negative effects on performance. However,
the number of studies is still limited, and comparisons are
complicated by differences in processing method, diet
formulation, animal species, and inclusion rate.

POULTRY FEEDING RESPONSES TO PTERYGOPLICHTHYS-
BASED DIETS

In poultry, processed janitor fish meal has been evaluated
mainly as a fishmeal substitute. In Thai native chickens
(Pradu Hang Dam), replacing part of the commercial feed
with P pardalis meal at 25-50% improved average daily
gain and feed conversion ratio (Intawicha ez al., 2020).

Table 1: Proximate composition of Prerygoplichthys spp. across studies and processing methods.

Species Sample Type Mois- Crude Pro- CrudeFat Ash(%) CrudeFiber References
ture (%) tein (%) (%) (%)

P, pardalis’ Gutted, roasted, sun- 10.63 + 54.48 +0.68 6.23 +0.35 21.72+ NR Panase ez al, 2018
dried whole-fish meal 0.21 0.36

Pterygoplichthys Viscera-removed, ov- 6.0 + 69.5+0.04 45+0.05 106+ NR de Fonseka and Rad-

spp-* en-dried whole-fish meal 0.20 0.20 ampola, 2022

P, pardalis* Gutted, roasted, sun- 443+ 62.13+025 6.40+0.53 16.64+ 0.507 £0.02 Sookying ez al., 2025
dried whole-fish meal 0.52 0.43

P, pardalis Sun-dried whole-fish NR 62.28 6.40 NR NR Intawicha ez al., 2020
meal

P, pardalis° Viscera removed, dried ~ NR 62.18 +0.10 6.00+0.23 25.14+ 0.04+0.03  Srinual ez al, 2020
whole-fish meal 0.15

P disjunctivus  Fresh muscle fillet (wet ~ NR 16.10 1.03 0.79 NR Mohanty ez al., 2017
basis)

P, pardalis Fresh muscle fillet 81.21  89.99 1.59 5.84 1.04 Rezky, 2025

P, pardalis Fresh muscle fillet (wet ~ 83.87 14.52 0.49 0.91 NR Hasrianti ez a/, 2022
basis), large (>40 cm)

P, pardalis Fresh muscle fillet (wet ~ 82.83 14.58 0.52 1.00 NR Hasrianti ez a/, 2022
basis), small (<22 cm)

P, pardalis Dried flesh, small size NR 50.05 1.13 NR NR Elfidasari ez al, 2018

P, pardalis Sample type not reported 28.00  32.81 23.65 2430  6.51 Surianti ez al., 2025

Note: All values are expressed on a dry-matter (DM) basis unless otherwise stated. NR = Not reported. “ Values are expressed as

mean * SD.?Values are expressed as mean + SEM. © Values represent grand means across three sampling stations and two sampling

months.
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Table 2: Proximate composition of Prerygoplichthys spp. and different conventional protein sources used in animal feed.

Proximate Composition

Prerygoplichthys spp.

Sesame (Sesamum indicum) seed

Sesame seed meal

Soybean (Glycine max), whole

seed

Soybean meal (oil <5%, 46%

protein)

Sunflower (Helianthus annuus)
meal (dehulled, oil 5-20%)
Corn (Zea mays) gluten meal
Commercial fish meal (65%

protein)

Meat and bone meal

Blood meal

NR = Not reported.

Moisture Crude pro-

(%) tein (%)
6.0£0.20  69.5+0.04
5.00 22.50
4.7+0.3 35.2+0.7
10-12 36-38
12.3 43.5

6.2 33.7
10-12 60-62
8-10 63-68
5-8 50-55
8-10 85-92

Crude Ash(%) Crude References

Fat (%) Fiber (%)

4.5+0.05 10.6+0.20 NR de Fonseka and Radampola, 2022
52.60 4.10 2.00 Sé et al, 2022
45.3+0.4 4.5+0.1 4.5+0.9 Sé et al, 2022

18-20 4.5-5.5 5-6 Fayyaz et al., 2025
1.7 6.5 6.3 Fayyaz ez al., 2025
8.9 6.2 18.4 Becze e al., 2025
2-3 2-4 1-2 Mishra ez al., 2023
8-12 12-15 1-2 Mishra ez al, 2023
10-12 25-30 <2 Sauvant ez al, 2023a
1-2 3-5 <1 Sauvant ez al,, 2023b

Table 3: Processing and conversion technologies for Prerygoplichthys spp. biomass and their reported applications.

Conversion
method
Convention-
al Fish Meal
(PPM)

Convention-
al Fish Meal
(PPM)

Conventional
Muscle Meal
(PLM)
Biological Si-
lage

Acid  Silage
(DFAS)

Fish  Protein
Hydrolysate
(FPH)

Fish Protein

Hydrolysate
(FPH)

Char

Bone

BC)

Raw  material
(Species / Part)

P pardalis /
Whole fish (vis-

cera removed)

P pardalis /
Whole fish (vis-

cera removed)

Pterygoplichthys
spp. / Filleted
muscle
Pterygoplichthys
sp. / Whole fish
(decapitated)
Pterygoplichthys
spp-/ Whole fish

P pardalis /
Whole fish

P disjunctivus /
Fillet

Pterygoplichthys
spp. / Bones and
skeletal waste

Core process

Wet rendering; mul-

ti-stage drying (sun +
oven); grinding and
sieving

Dry rendering; hot-air
oven drying; fine mill-
ing

Oven drying; milling

(2-mm mesh)

Anaerobic fermentation
with molasses and start-
er culture (15 days)
Rapid acidification with
formic acid (pH = 4)

Autolytic  hydrolysis
(pH 9, 24 h); spray dry-
ing

Enzymatic  hydrolysis
using commercial pro-
teases; thermal inacti-
vation
High-temperature cal-
cination/pyrolysis (600—
800 °C; 1-3 h)

Application

Aquaculture
feed (catfish)

Poultry and or-
namental  fish
feed

Aquaculture
feed (tilapia fry)

Ruminant sup-
plementation

Beef cattle sup-
plement

High-value
food/nutraceuti-
cal products
Bioactive  pep-

tide source

Water remedia-
tion (F, Cd, TCS

removal)

Main findings

High-protein meal; ~330
g/kg yield from wet
weight

Protein-rich meal
(PPM); suitable for par-
tial or full CFM replace-
ment

Protein-dense PLM,;
suitable for 100% sar-
dine-meal replacement
Produces a stable,
semi-liquid silage

Semi-liquid silage with
performance comparable
to CFM

High hydrolysate yield;
elevated total EAAs

Strong antioxidant and
ACE-inhibitory activi-
ties; high protein in raw
fish

High adsorption capac-
ity; markedly increased
surface area

Reference

Panase ef al, 2018

Intawicha ez al, 2020;
Srinual ez al, 2020; de
Fonseka and Radampo-
la, 2022

Cano-Salgado ez al,
2022
Castillo-Mercado ef al,

2020

Ornelas ez al., 2011

Prihanto ez al., 2021

Guo et al., 2019

Cisneros-Ontiveros et

al., 2024

Abbreviations: PPM- Prerygoplichthys pardalis Meal; CFM- Commercial Fish Meal; PLM- Prerygoplichthys spp. Meal; DFAS- Devil
Fish Acid Silage; EAAs- Essential Amino Acids; FPH- Fish Protein Hydrolysate; ACE- Angiotensin I-Converting Enzyme; BC-
Bone Char; F- Fluoride; Cd- Cadmium; TCS- Triclosan

Srinual e7 al. (2020) reported that replacing commercial
fishmeal with suckermouth armored catfish meal up to

100% did not adversely affect ADFI, ADG, or FCR in
indigenous Thai chickens. In broilers, Olut and Roxas

(2007) observed improved body weight gain and FCR
with 5-10% P, disjunctivus meal compared with a fishmeal-
free control diet, with higher feed intake in fishmeal-fed
groups. Some intestinal responses have also been reported.
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Table 4: Animal performance responses to dietary inclusion of Prerygoplichthys-based feed across species and production

BW 1 (5%); BW « (10%); FI 1; FCR | (improved

25-50% fishmeal 1 Growth, 1 Gut villus morphology, 1 ADG, |

FCR, < Carcass yield

< ADFI, ADG, FCR at full replacement; 1 villus
height and VH:CD ratio at 25%
<> Growth performance (SGR, PER), & FCR, &
survival, <> carcass composition
1 at 75% replacement (AGR), <> at 0%, 25%, 50%,
and 100% replacement levels (AGR), 1 protease and

amylase enzyme activity

< Growth (WG, ADG, SGR), <> Feed Utilization

systems.
Animalgroup F e e d Inclusionlevel = Responses
form
Broiler chickens Meal — 5-10% of diet
at 5%)

Native chickens Meal

replacement
Native chickens Meal = 25-100% replace-

ment of CFM
Nile tilapia Meal  50-100% replace-

ment of SM
Nile tilapia Meal  25-100% replace-

ment of local fish-

meal
Mekong  giant Meal = 25-100% replace-
catfish ment of CFM

Chinese bullfrog Meal

25-100% replace-
ment of CFM

(FCR, PER, FE), «> Survival, <> Serum Biochem-
istry (ALT, AST, Glucose, Protein, Cholesterol)

<> up to 75% replacement (WG, ADG, SGR, PER,
FCR), | 100% replacement (WG, ADG, SGR,
PER), 1 50% and 75% (serum glucose level), | in-

traperitoneal fat

Reference

Olut and Roxas,
2007

Intawicha ef al,

2020

Srinual
2020
Cano-Salgado er
al., 2022

Surianti

2025

et al,

et al,

Panase ez al,

2018

Sookying ez al,
2025

Guppy fry Meal  10-30% SCM (up < BW, ADG, SGR, FCR, HSI, Survival, 1 final de Fonseka and
to full fishmeal re- total length at complete FM replacement (30% Radampola,
placement) SCM diet), 1 profit index 2022

Finishing  beef Silage 12% and 18% <> Daily weight gain, <> DMI, <> FCR, <> carcass Ornelas ¢s al,

cattle DFAS inclusion  yield 2011

Dairy buffalo Silage  ~3 kg/day supple- 1 Milk yield (~25%), <> milk quality Garcia-Herndn-
ment dez ez al., 2020

Dual-purpose Silage 20% in protein <> Physicochemical milk components (fat, protein, Castillo-Merca-

cows supplement

lactose), milk sensory quality (absence of fishy taste do ez al., 2020

or odor) <> milk microflora
Note: <> = no significant change; 1 = significant improvement; | = significant reduction. abbreviations: SM- sardine meal; SCM-
sailfin catfish; CFM- commercial fish meal; DFAS- devil fish acid silage; WG- weight gain; ADG- average daily gain; FCR-
feed conversion ratio; AGR- absolute growth rate; SGR- specific growth rate; PER- protein efficiency ratio; FE- feed efficiency;
VH:CD- villus height to crypt depth ratio; DMI- dry matter intake; HSI- hepatosomatic index; ALT- alanine aminotransferase;

AST- aspartate aminotransferase.

For example, diets containing 25% P, pardalis meal increased
villus height and villus height-to-crypt depth ratio, which
Srinual ez a/. (2020) attributed, in part, to the relatively
high glutamine content of the meal. Glutamine serves as an
important energy source for intestinal epithelial cells and
supports intestinal integrity and villus development, which
may enhance nutrient absorption (Abdulkarimi eza/.,2019).
'These findings suggest possible nutritional value in poultry
diets, but they should not be generalized without caution.
Most studies are limited in number, species, and production
conditions, and feed safety remains a major concern when
fish are sourced from polluted waters. Reported lead
concentrations in P pardalis muscle from contaminated
sites may exceed safety limits (Ernawati, 2014; Hossain ez

al., 2018). Therefore, poultry use should be considered only
when raw materials are screened and diet formulations
account for mineral load and amino-acid balance.

AQUACULTURE RESPONSES TO PTERYGOPLICHTHYS-
DERIVED DIETS

Aquaculture studies provide some of the strongest evidence
for the use of Prerygoplichthys meals, although results still
depend on species and inclusion level. In Nile tilapia
fry, Cano-Salgado e al. (2022) reported that pelleted
Pterygoplichthys meal containing 54% crude protein could
replace sardine meal completely during a 56-day trial
without negative effects on specific growth rate, ADG,
weight gain, survival, or nutrient digestibility. Surianti ez a/.
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(2025) reported the highest growth and digestive enzyme
activity in tilapia when suckermouth armored catfish
meal was included at 75% of the diet. In juvenile guppy,
complete substitution of commercial fishmeal with sailfin
catfish meal maintained growth indicators and improved
profit index (de Fonseka and Radampola, 2022). Panase ez
al. (2018) also reported that P, pardalis meal could replace
commercial fishmeal up to 100% in juvenile Mekong giant
catfish without adverse effects on growth performance
or serum biochemical indices. In Chinese bullfrogs,
P pardalis meal maintained performance up to 75%
replacement, whereas full replacement reduced growth
responses (Sookying ez a/.,2025). These studies suggest that
aquaculture species may tolerate relatively high inclusion
levels, but the evidence is not uniform enough to define a
universal replacement rate. Long-term adoption will also
depend on biomass availability, contaminant monitoring,
and whether harvesting pressure can be managed without
creating unintended ecological or market incentives.

RUMINANT FEEDING RESPONSES TO
PTERYGOPLICHTHYS-BASED SILAGE

In ruminant feeding, Pterygoplichthys has been used
mainly as silage rather than dry meal. Ornelas ez a/. (2011)
reported that including devil fish acid silage at 12-18% in
finishing beef cattle diets resulted in daily gain, dry matter
intake, feed conversion, and carcass yield comparable
with control diets. In lactating dual-purpose cows,
biologically fermented Pterygoplichthys silage included at
up to 20% of the protein supplement did not negatively
affect milk composition, physicochemical quality, or
sensory acceptability (Castillo-Mercado e al, 2020).
Garcia-Hernandez ez a/. (2020) also reported increased
milk yield in lactating water buffaloes supplemented
with Pterygoplichthys silage while milk composition and
sensory traits remained acceptable. These findings indicate
that fish silage can be compatible with ruminant feeding
systems, particularly where local biomass is available. Still,
the evidence is narrow, and more work is needed on intake
response,rumen fermentation,product quality,contaminant
transfer, and practical storage under farm conditions.

HEAVY METAL BIOACCUMULATION AND TROPHIC
TRANSFER RISK

Safety is the main limitation to the use of Pterygoplichthys
in feeds. Because these fishes live near sediments and can
persist in degraded waters, they may accumulate metals
such as Pb, Cd, Hg, and Cr depending on the collection
site (Mahesvaran ef al, 2025). Chavez et al. (2006)
reported measurable Pb in janitor fish from Laguna de
Bay, with higher concentrations in more urbanized areas.
Similarly, Aksari ez a/. (2015) detected Pb in the gills, liver,
and muscles of suckermouth catfish from the Ciliwung

River, whereas Munandar and Eurika (2016) reported

measurable Pb concentrations in fish from the Bedadung
River, Jember. More recently, P pardalis collected from
urban waterways in the Ciliwung River contained Cd,
Hg, and Pb concentrations exceeding several national
or international limits (Elfidasari ez 4/, 2018; Elfidasari
et al., 2020). In contrast, Rezky (2025) found that Pb
concentrations in P pardalis from Lake Sidenreng
remained within Indonesian safety limits, although Hg
exceeded the permissible limit at some sampling sites.
These findings suggest that heavy metal contamination
in Pterygoplichthys is strongly influenced by collection
site and should therefore be verified before the fish is
processed as feed. Moreover, heavy metals accumulated by
adult fish may also be transferred to reproductive tissues
during oogenesis, resulting in metal deposition in fish eggs
(Jezierska and Witeska, 2006). However, information on
heavy metal accumulation in wild Prerygoplichthys eggs
remains limited and requires further investigation. These
reports do not mean that Pterygoplichthys is inherently
unsafe as a feed ingredient. Rather, safety depends strongly
on source-water quality, tissue used, processing route, and
contaminant screening. Moreover, Codex Alimentarius
and EU guidelines set maximum allowable concentrations
tor Hgat 0.5 mg/kg for most fish and between 0.1-0.5 mg/
kg for Pb and Cd (UNDRR, 2025). Any feed-use program
should therefore require site-specific testing for Pb, Cd,
Hg, Cr,and other relevant contaminants before processing.
Although several post-processing approaches have been
explored to reduce heavy metals in other feed materials,
evidence for their application to Prerygoplichthys biomass
remains limited. Careful source selection and contaminant
screening therefore remain the most reliable way to ensure
teed safety. Without such controls, the ecological benefit
of removing an invasive fish could be offset by the risk of
transferring toxic residues into animal products.

SUSTAINABILITY AND REGULATORY DIMENSIONS

'The use of Prerygoplichthys biomass also has sustainability
and regulatory dimensions. Harvesting
populations could support local control efforts and provide
a feed ingredient, but this approach should be managed
carefully. If a market develops without regulation, there
is a risk of encouraging movement, culture, or intentional
maintenance of invasive stocks. Processing the fish into
meal, silage, or hydrolysate may contribute to circular-
bioeconomy goals by converting an ecological burden
into a useful input, but only if harvesting, traceability, and
safety testing are in place (Panase ez a/., 2018). Regulatory
compliance is particularly important because bottom-
dwelling and detritivorous fish may carry heavy metals
when collected from contaminated habitats (Rezky, 2025).
For this reason, feed-use initiatives should include raw-
material certification, contaminant thresholds, and clear
rules on sourcing and transport. The sustainability value
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of this ingredient therefore depends not only on nutrient
content but also on governance, environmental safeguards,
and consistent quality control.

FUTURE RECOMMENDATIONS

The use of Pterygoplichthys spp. as a feed resource remains
promising but requires more targeted research before
broader adoption. First, harvestable biomass should be
quantified across invaded systems. Removal programs
need ecological monitoring to ensure that harvesting
reduces invasive pressure without damaging native species
or creating incentives to spread the fish (de Carvalho-
Souza et al., 2024). Second, processing methods should
be optimized for feed quality. High ash content, variable
protein concentration, and lipid oxidation may limit
ingredient value unless addressed through deboning,
mechanical separation, drying control, hydrolysis, or
antioxidant strategies. Enzymatic approaches, such as those
reported by Gomez-Valdéz ez al. (2025), may help recover
oil and protein fractions, but their cost and scalability for
feed use require evaluation. Third, contaminant mitigation
should be treated as a central requirement rather than a
secondary issue. Fish collected from polluted sites may
contain elevated Hg, Pb, Cd, or other metals (Castafieda-
Chavez et al., 2021). Raw-material testing, organ-specific
residue profiling, and sourcing from lower-risk waters
should therefore be standard components of future studies.
Evidence from other invasive fish also suggests that site
selection can determine whether biomass meets feed-

safety thresholds (Koziot ez a/., 2025).

Finally, economic and environmental assessments are
needed. Although Prerygoplichthys biomass may benefit
from its low raw-material cost because it is often obtained
through invasive fish removal or bycatch (Judrez ez al,
2025), harvesting, transport, processing, and contaminant
monitoring still contribute substantially to production
costs. Fish silage may also offer a practical option
where processing infrastructure or biomass supply is
limited (Libonatti ez 4/, 2023). However, no study has
comprehensively evaluated the economic feasibility
of Pterygoplichthys-based feed ingredients relative to
commercial fishmeal. Life-cycle analysis, cost-benefit
evaluation, and pilot-scale processing trials would help
determine whether Prerygoplichthys meal or silage can
compete with conventional fishmeal under local conditions.
The promising use of invasive carp meal in catfish diets
(Host ez al., 2025) suggests that similar approaches may
be worth testing for Pterygoplichthys, but direct evidence
is still limited. Future work should therefore prioritize
four areas: biomass monitoring, processing methods that
improve nutrient value and reduce mineral burden, site-
specific contaminant screening, and techno-economic
teasibility. Collaboration among fisheries managers, feed

manufacturers, animal nutritionists, and regulators will be
needed if this invasive biomass is to be used safely and

responsibly.
CONCLUSION

This review indicates that Prerygoplichthys spp. has
potential as an alternative protein resource for animal feed,
particularly where invasive populations generate large
amounts of removable biomass. Available studies suggest
that processed meals and silages can replace conventional
fishmeal or protein supplements in selected poultry,
aquaculture, and ruminant diets without consistent adverse
effects on performance or product quality. At the same
time, the evidence base remains limited and uneven across
animal species, processing methods, and inclusion levels.
'The main practical constraints are high ash content, variable
nutrient composition, uncertain long-term biomass supply,
and the risk of heavy metal contamination from polluted
waters. Therefore, Pterygoplichthys should not be promoted
simply as a ready substitute for fishmeal. Its value depends
on careful sourcing, processing, feed formulation, and
safety testing. Further research should prioritize multi-
site feeding trials, contaminant monitoring, processing
optimization, and techno-economic evaluation before
routine use can be recommended. Addressing these
research gaps will help determine the long-term feasibility
of utilizing Pterygoplichthysbiomass as a safe and sustainable
alternative feed resource while supporting invasive-species
management and local feed-resource development.
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