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Te utilization of live Tubifex (Tubifex tubifex) as a feed source in ornamental fsh aquaculture is widely recognized for its high
nutritional value. However, feeding live tubifex worms come with a higher risk of transmitting parasites, and precautions must be
taken. So, necessitate feeding strategies have to be adopted which includes dietary diversifcation such as usage of tubifex in frozen
form. Tis study aimed to evaluate the nutritional stability of frozen Tubifex over a 12-week period (85 days), stored at −20°C.
Weekly evaluations were conducted to measure changes in key nutritional parameters, including crude protein, moisture, lipid,
and ash content. Te results indicated that crude protein content remained stable (p> 0.05) for the frst 5weeks, while lipid
content showed no signifcant changes (p> 0.05) until the seventh week. Additionally, ash content was stable (p> 0.05) until the
ninth week of storage. Tese fndings suggest that frozen Tubifex can be safely stored for up to 36 days without signifcant
nutritional degradation, ofering a viable alternative to live feed in ornamental fsh aquaculture this research supports the use of
frozen Tubifex by mitigating the risks associated with live feed while ensuring optimal nutritional delivery to aquatic organisms.
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1. Introduction

Te rising global population and increasing demand for
protein sources have driven advancements in commercial
fsh and shellfsh production through aquaculture. As a re-
sult, the aquaculture sector has been growing at a faster pace
than other animal food industries and is expected to become

a key provider of high-quality protein in the near future [1].
Global aquaculture production reached an unprecedented
130.9 million tonnes, with 94.4 million tonnes being aquatic
animals, accounting for 51% of the total aquatic animal
production [2]. Tis rapid growth calls for sustainable
feeding practices that minimize economic losses and envi-
ronmental impact. In this context, nutritional research is
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essential to ensure animals receive high-quality feed to meet
the needs of the expanding aquaculture industry [3]. Among
the various feeding strategies employed in aquaculture, the
use of live food, particularly Tubifex worms (Tubifex tubifex),
has gained popularity due to their high nutritional value and
ability to stimulate natural feeding behaviours in fsh [4].
Tubifex worms are Oligochaeta annelids that thrive in en-
vironments rich in organic matter, such as sediments in
freshwater and brackish ecosystems [5].Teir soft bodies are
composed primarily of protein and essential fatty acids,
making them an ideal food source for both juvenile and adult
fsh, especially in Aquariculture [6, 7]. Tubifex worms, also
known as sludge worms, are a popular live food source in
aquaculture, especially for young fsh fry and small orna-
mental species [8]. Tese worms, which thrive in organically
rich environments such as sewage and ponds, are known for
their high protein content, making them an excellent source
of nutrition [9]. Te benefts of using Tubifex worms as
natural feed include enhanced growth and health of fsh
larvae and cost efciency in production. According to re-
searcher [10], tubifex is rich in omega-3 (18:3 and 20:5) and
omega-6 (18:2 and 20:4) fatty acids at rates of 18% and 22%,
respectively, though it lacks DHA (22:6). Additionally, they
are rich in fatty acids, promoting the maturation of fsh.
Aquaculture enthusiasts and fsh breeders often prefer live
Tubifex because they stimulate natural hunting behaviours
in fsh and provide an easily digestible and nutrient-rich
food source, which promotes faster growth and enhances
overall health.

One of the most signifcant challenges associated with
the use of live Tubifex is the variability in its availability.
Seasonal fuctuations, environmental changes, and over-
harvesting can lead to shortages of live feed, impacting fsh
farms and aquarists [11]. Te potential for contamination is
another major issue. Since Tubifex worms are often har-
vested from polluted environments, they can harbour
pathogens, parasites, and toxins that pose risks to fsh health
and water quality [3]. Te introduction of harmful micro-
organisms into aquaculture systems can lead to disease
outbreaks, compromising fsh stocks and resulting in eco-
nomic losses. Additionally, maintaining live Tubifex in tanks
requires careful attention to avoid introducing waste or
decaying organic matter, which can lead to water fouling and
additional management issues [12].

To mitigate these challenges, there is a growing interest
in exploring alternative feeding strategies, including the use
of frozen Tubifex [6]. Freezing is an efective preservation
method that can signifcantly extend the shelf life of Tubifex
while maintaining its nutritional quality [13]. Te freezing
process helps eliminate pathogens and parasites that may be
present in live worms, reducing the risk of disease trans-
mission to fsh [14]. Furthermore, frozen Tubifex ofers
practical advantages, as it can be stored for extended periods
and easily portioned, making it convenient for aquarists and
fsh farmers alike [15]. Tere are several advantages of using
frozen tubifex as a food source for fsh. Frozen tubifex
worms are easy to store in the freezer and can be used
whenever needed [16]. Unlike live tubifex, which require
specifc care and maintenance, frozen tubifex eliminates the

need for feeding, housing, and handling live worms. It also
eliminates the risk of entry of harmful parasites or diseases
associated with live worms into the aquarium. It provides
a safe and hygienic food option for fsh, reducing the
likelihood of contamination or infection.

Existing literature on the nutritional composition of
Tubifex highlights its rich protein content, which typically
ranges between 50% and 70% on its dry weight, making it an
excellent protein source for fsh [17]. However, there is
limited research regarding the impact of freezing on the
nutritional quality of Tubifex over time. Studies have shown
that freezing can afect the texture and palatability of certain
types of live food, but comprehensive investigations into the
specifc changes in nutritional composition during storage
are lacking. Although freezing has been proposed as a so-
lution, limited research exists on the long-term nutritional
stability of frozen Tubifex. Tis study aims to fll this gap by
evaluating the nutritional retention of frozen Tubifex over
a 12-week storage period. Te implications of this research
extend beyond the immediate benefts of using frozen Tu-
bifex as a feed source. By establishing the viability of frozen
Tubifex as a reliable alternative, this study supports the
sustainability of aquaculture practices by reducing reliance
on live food and mitigating the risks associated with har-
vesting Tubifex from natural environments. Moreover, the
fndings will contribute to the broader understanding of feed
quality management in aquaculture, emphasizing the im-
portance of nutrition in promoting the health and growth of
aquatic organisms.

2. Materials and Methods

2.1. Sample Collection and Preparation. A total of 600 g of
live Tubifex worms were purchased from Silversea Aquar-
ium, a local aquarium shop in Mumbai. Te worms were
carefully collected and transported under live conditions to
the Aquaculture Laboratory at the ICAR-Central Institute of
Fisheries Education (CIFE), Mumbai. Te worms were
transported in well oxygenated containers to overcome the
transportation mediated stress. Upon arrival at the labo-
ratory, the worms were thoroughly rinsed to eliminate any
debris or contaminants. Tis collection process was carried
out with strict protocols tomaintain the vitality of the worms
for the planned research activities. A sample of 5 g of
Tubifex worms was taken and placed into each cell
(5 cm× 5 cm× 5 cm) of an ice tray, to which 5 μL of water
was added. Each ice tray with 9 cells. Tis process was re-
peated for all 13 ice trays (each ice tray contains 9 cells),
which were prepared for subsequent analysis during the
experiment. Each tray, containing the appropriate amount
of sample, was frozen at a consistent temperature of −20°C to
preserve the integrity of the worms throughout the study.
Te trays should be labelled with the freezing date and
treatments numbers. To evaluate the nutritional value and
proximate composition of the frozen Tubifex, analyses were
conducted at every week. For each sampling, one ice tray
with frozen tubifex (each replicate 15 g) was used to ensure
accuracy and reliability in the results. Tis experimental
design allowed for systematic monitoring of any changes in
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the nutritional profle of Tubifex during the storage period is
Completely Randomised Design (CRD) includes 13 treat-
ments with 3 replicates, ensuring a comprehensive un-
derstanding of its suitability as a preserved feed source for
aquaculture (Table 1). Te use of replicates helped ensure
that the fndings were statistically robust and representative
of the overall trends observed throughout the freezing
period.

2.2. Proximate Composition Analysis. Te standard pro-
cedures for determining nutrient composition, including
analysis of crude protein, crude fat, moisture, and ash
content, were carried out in accordance with the methods
outlined by AOAC [18]. Proximate composition was carried
out for both live tubifex and frozen tubifex. Before analysis,
the frozen tubifex should be thawed slowly at room tem-
perature, avoiding warm water to prevent loss of nutritional
value. Te moisture content (%) of the samples was de-
termined using a hot air oven set at 105°C until they reached
a constant weight. Te remaining proximal components
were calculated on a dry matter basis. For crude protein
analysis, total nitrogen content was estimated using the
micro-Kjeldahl method. Tis method involved measuring
the nitrogen in the samples and multiplying the value by
6.25, which represents the nitrogen-to-protein conversion
factor. Te analysis was carried out using a Kelplus appa-
ratus, produced by PELICAN Instruments, India, a reliable

instrument designed for precise nitrogen quantifcation.
Crude lipid content was assessed using a solvent extraction
method. Tis method was performed with the SOCSplus
equipment, model 08, India. Te total ash content, which
represents the mineral composition of the samples, was
determined by incinerating the samples in a mufe furnace
at 550°C for 6 h.

Moisture content(%) � 100 ×
(Weight of initial sample − Weight of final sample)

Weight of initial sample(g)
,

Crude protein(%) � N2(%) × 6.25,

Crude lipid(%) � 100 ×
(Weight of initial sample − Weight of extracted sample)

Weight of initial sample
,

Ash(%) � 100 ×
(Weight of ash)

Weight of sample
.

(1)

2.3. Statistical Analysis. Te experimental data collected
were subjected to statistical analysis using the Statistical
Package for the Social Sciences (SPSS), version 27.0. To
assess the signifcance of variations among the diferent
sample groups, a one-way Analysis of Variance (ANOVA)
was performed.Tis method was used to determine whether
there were statistically signifcant diferences (p< 0.05)
between the means of the various samples over the course of
the experiment. To further evaluate and pinpoint which
specifc groups difered, Duncan’s Multiple Range Test
(DMRT) was employed as a post hoc analysis. Tis test
helped to clarify where the signifcant diferences occurred
among the means of the samples, providing a more in-depth
understanding of the variations. Statistical signifcance was
established at a 5% probability level (p< 0.05), ensuring that
any diferences detected were not due to random chance. All
experimental results were expressed as mean values

accompanied by their corresponding standard errors
(mean± SE), which provided a measure of variability and
reliability for each data set. Te use of these statistical
techniques allowed for a robust and thorough interpretation
of the data, ensuring accurate conclusions about the efects
of the experimental treatments.

3. Results and Discussion

3.1. Proximate Composition. Te nutrient composition of
live tubifex and frozen tubifex (evaluated over 12weeks at 7-
day intervals) was represented in Table 2 and Figures 1, 2, 3,
4.Te proximate composition of frozen Tubifex was assessed
at 7-day intervals, continuing up to the 85th day (12weeks) of
storage. Over the course of this study, aimed at evaluating
the shelf-life and nutritional stability of frozen Tubifex,
several key observations were made. Freezing is widely used

Table 1: Experimental design (CRD).

Treatments Amount of sample (g) R#1 R#2 R#3
T1 45∗ T1R1 T1R2 T1R3
T2 45∗ T2R1 T2R2 T2R3
T3 45∗ T3R1 T3R2 T3R3
T4 45∗ T4R1 T4R2 T4R3
T5 45∗ T5R1 T5R2 T5R3
T6 45∗ T6R1 T6R2 T6R3
T7 45∗ T7R1 T7R2 T7R3
T8 45∗ T8R1 T8R2 T8R3
T9 45∗ T9R1 T9R2 T9R3
T10 45∗ T10R1 T10R2 T10R3
T11 45∗ T11R1 T11R2 T11R3
T12 45∗ T12R1 T12R2 T12R3
T13 45∗ T13R1 T13R2 T13R3
∗Each ice tray had 9 cells, with 5 g of sample each.
#Tree cells in each ice tray constitute one replicate of that particular
treatment (from each replicate 15 g of sample has been used for analysis).
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in industries that process meat, fsh, and other animal-based
proteins, as it helps maintain quality over longer periods
[19]. Tis method provides numerous benefts, such as
minimal changes to the product’s size and only slight al-
terations to its colour, favour, and texture.

3.2.MoistureContent. Regular measurements indicated that
moisture levels (Figure 1) remained relatively stable
(p> 0.05) during the early weeks (up to 22nd days) of storage,
though minor fuctuations were noted as the storage period
extended. Te observed changes may result from protein
denaturation during the freezing process [20]. Protein de-
naturation can afect several muscle properties, including
texture, water-holding capacity, colour, and favour. Addi-
tionally, moisture transfer from the Tubifex during freezing
process is often unavoidable [21]. Drip loss during the
thawing process can also contribute to the reduction in
moisture levels [22]. Numerous researchers have also noted
that the moisture content in meat/fsh samples tends to
decrease during frozen storage [23–25].

3.3. Crude Protein Content. Te crude protein content of
frozen tubifex was analysed from 1st to 12th week of exper-
imental period which was represented in Table 3 and Figure 2.
A notable and statistically signifcant (p≤ 0.05) reduction in
crude protein content was observed from the frst week of
freezing to the 12th week of storage. Te crude protein
content, a critical indicator of the nutritional quality of Tu-
bifex as fsh feed, remained stable up to the 2nd week (15 days),
but declined signifcantly thereafter. Tis decline may be
attributed to protein denaturation and leaching of amino
acids during freezing [20, 26]. Similar results have also been
reported by several authors, including tilapia fsh [27] and
Puntius species [28]. Te decline in protein may be explained
by the denaturation of fsh proteins, resulting from changes in
the chemical composition and protein breakdown. Protein
denaturation involves the disruption of its secondary, tertiary,
and quaternary structures, simplifying it into a polypeptide
chain [29]. In line with the current results, research by Kanwal
[30] also observed a signifcant reduction in protein content
during frozen storage in sea bass (Dicentrarchus labrax). Tis
aligns with our fndings, suggesting that frozen storage over
time can lead to a gradual decline in protein levels, primarily
due to the loss of soluble nutrients.

Table 2: Proximate composition of live tubifex (wet weight basis).

Nutrients Composition (%)
Moisture 85.8± 0.02
Crude protein 6.98± 0.01
Fat 2.68± 0.1
Ash 4.01± 0.04
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Figure 1: Moisture content analysis for 12weeks.
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Figure 2: Protein content analysis for 12weeks.
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Figure 3: Fat content analysis for 12 weeks.
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Figure 4: Ash content analysis for 12weeks.
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3.4. Lipid Content. Results of crude lipid content of frozen
tubifex were mentioned in Table 3 and Figure 3. Te lipid
content of frozen Tubifex, which is crucial for energy supply
in fsh diets, remained stable up to the 7th week of storage.
Beyond this point, a gradual decrease (p< 0.05) in crude fat
was noted, likely due to slow oxidative processes occurring
even at lower temperature, primarily due to losses in the
triglyceride fraction [31]. Similar results have also been
depicted by various authors, including crab [32], tilapia [27],
and in bufalo meat [33]. Tis reduction in crude lipid levels
is consistent with the current study’s fndings on frozen
Tubifex, where lipid oxidation was identifed as a key factor
contributing to quality degradation of many foods that
contain fats and oils [13]. Fish lipids, which are rich in
polyunsaturated fatty acids, are particularly vulnerable to
oxidation through an autocatalytic process [34]. Lipid ox-
idation is a well-known process that afects the stability of
fats, leading to a decrease in nutritional value and quality
over time.

3.5. Ash Content. Results shown in Table 3 and Figure 4
which revealed that the ash content decreased signifcantly
from 3.23± 0.03 at 1st week to 2.68± 0.04 on 12th week of
storage at −20°C. Te signifcant diference was observed
from 10th week of storage up to which no signifcant dif-
ference was observed. Total ash, representing the mineral
composition, was consistent up until the 9th week of storage,
after which slight variations were detected. Tis suggests
some degree of mineral leaching or changes in the organic
matrix of the worms as freezing time progressed. Supporting
the present study’s results, research highlights on sea bass
fllets [35], as well as on Nile perch [36] and on Tilapia
(Oreochromis niloticus) [37], reported a decline in total ash
content during frozen storage.Tis reduction in ash content,
which represents the mineral composition, could be due to
the breakdown or migration of certain minerals during the
freezing and thawing process.

Tese studies, in conjunction with the current fndings
on frozen Tubifex, highlight the impact of long-term freezing
on the nutritional composition, reinforcing the importance
of understanding how extended storage afects the quality of

feed and food items. Tese fndings across various studies
demonstrate a broader pattern of nutrient loss during frozen
storage, particularly in relation to protein, lipid, and ash
content. Tey emphasize the need for careful handling and
storage practices to preserve the nutritional integrity of
frozen biological materials such as fsh and feed like Tubifex.
So, we can conclude that the nutrient value of frozen tubifex
(protein, fat, and ash) remains unchanged up to approxi-
mately three weeks when tested up to 12weeks (85 days). So,
it is signifcant to state that frozen tubifex, stored for up to
36 days at a temperature below −20°C, can be safely fed to
fsh without loss of nutritional potency and without sig-
nifcant degradation in key components like protein and fat.
After this period, although some changes were observed, the
frozen worms remained a viable feed option up to the 85th
day, particularly for less demanding applications in aqua-
culture. However, the gradual decline in protein and lipid
content after 5 weeks highlights the need for proper storage
practices to maximize shelf life. Given its stability over
36 days, there is an opportunity for commercial-scale pro-
duction and distribution of frozen Tubifex as a standardized
feed product. Industry stakeholders can invest in optimizing
freezing and storage techniques to further extend shelf life
and maximize benefts.

4. Conclusion

Te study highlights the importance of regular monitoring
and proper storage conditions to maximize the shelf life of
frozen Tubifex while maintaining its nutritional benefts,
making it a reliable alternative feed source when live worms
are not available. Finally, we can conclude saying this that
the frozen tubifex which is stored at −20°C for 5th week
(36 days) is suitable to feed fshes particularly aquarium
fshes. Te exploration of frozen Tubifex as a viable option
presents an opportunity to enhance the sustainability and
safety of fsh farming practices especially in ornamental fsh
farming. By investigating the nutritional stability of frozen
Tubifex, this study aims to provide aquarists and fsh farmers
with essential information that will aid in the efective
management of fsh nutrition, ultimately contributing to the

Table 3: Proximate composition of frozen tubifex (wet weight basis).

Freezing time
Nutrient composition

Moisture Crude protein Fat Ash
1st day 87.63± 0.1f 6.85± 0.0a 2.16± 0.04a 3.23± 0.03a
8th day (1st week) 87.30± 0.1ef 6.80± 0.1a 2.10± 0.05ab 3.22± 0.01ab
15th day (2nd week) 87.30± 0.1ef 6.75± 0.1ab 2.02± 0.01ab 3.18± 0.03bc
22nd day (3rd week) 87.23± 0.1def 6.46± 0.1bc 1.94± 0.03bc 3.16± 0.02bc
29th day (4th week) 87.10± 0.1de 6.46± 0.1bc 1.92± 0.02cd 3.16± 0.02bc
36th day (5th week) 87.00± 0.1de 6.32± 0.1c 1.90± 0.02cd 3.14± 0.04bc
43rd day (6th week) 86.87± 0.2cde 6.29± 0.1d 1.86± 0.02d 3.10± 0.01cd
50th day (7th week) 86.83± 0.1cd 6.24± 0.1de 1.79± 0.01e 3.06± 0.03cd
57th day (8th week) 86.55± 0.2bc 6.10± 0.1e 1.77± 0.01ef 3.05± 0.03cd
64th day (9th week) 86.55± 0.2bc 5.88± 0.1fe 1.71± 0.01fg 3.05± 0.08d
71st day (10th week) 86.53± 0.1bc 5.65± 0.1gfe 1.70± 0.02g 2.93± 0.06e
78th day (11th week) 86.17± 0.1ab 5.43± 0.0gf 1.66± 0.01gh 2.88± 0.04e
85th day (12th week) 86.07± 0.1ab 5.41± 0.1gf 1.62± 0.01h 2.68± 0.04f

Note: Values are expressed as mean ± SE. a, b, c, d, e, f and g values in a column with diferent superscripts difer signifcantly (p < 0.05).
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overall health and productivity of aquaculture systems. For
optimal results, we recommend using frozen Tubifex within
this period and ensuring proper storage conditions to
minimize nutrient loss. Tis study supports the adoption of
frozen Tubifex in aquaculture to enhance sustainability and
reduce risks associated with live feed.
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