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Abstract 

The ornamental fish industry depends on high-quality diets for health and growth. Many 

available or formulated feeds degrade over time, reducing nutritional value, palatability, and 

cost-effectiveness. Over ten months, this study investigates the storage stability of an 

ornamental fish diet enriched with a novel feed additive, Palmyrah fruit (Borassus flabellifer) 

pulp. The quality of the experimental feed was assessed in terms of its nutritional composition, 

microbial properties, and cost-effectiveness, which were compared with the commercial diet. 

Users’ perception of the experimental diet was assessed using a questionnaire. Statistical 

analysis was performed using Minitab Statistical Software 2021. The results showed that the 

experimental feed is not harmed by aflatoxin contamination (20 μg kg-1) and total bacterial 

count (1.5 x 103 cfu g-1). The protein content of experimental and commercial feeds remained 

constant for ten months (42.17 ± 0.06 and 40.53 ± 0.37, respectively), although the fat content 

of the experimental feeds did not differ significantly (P < 0.05) at the three storage periods. A 

downward trend in the proportion of all fatty acids in both feed types was observed after ten 

months of storage. Despite a rise in moisture, it remained under 10%, preventing microbial 

growth. The stakeholders have been receptive to the experimental feed for ornamental fish, 

which is 22 times more cost-effective than commercial feed on a small scale. Our findings 

indicate that the experimental feed remains of stable quality for ten months of storage under 
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room temperature (25 - 33 ºC), which offers a sustainable and cost-effective solution for the 

aquaculture industry. 

 

Keywords: Aflatoxin, microbial properties, nutritional composition, physical properties 

 

 

Introduction 

The storage stability of fish feed is a crucial factor in aquaculture operations. The quality of fish 

feed can deteriorate over time due to various factors, including oxidation, moisture, and 

microbial activity (Pandey, 2016). Ornamental fish are an economic importance worldwide, 

and popular among hobbyists and researchers because of their attractive colouration (Ahilan & 

Kamalii, 2022). Feed colour additives are essential pigments for livebearers. They not only 

enhance the color of ornamental fish but also play a vital role in their overall health (Von Lintig 

et al., 2020).  

 

The experimental feed in this study incorporates palmyrah fruit, which contains carotenoids 

(Priyadarshani & Jansz, 2014) and is widely found in the Northern, Eastern, and coastal North-

West regions of Sri Lanka (Thillainathan & Inoka, 2019). Despite its potential benefits, 

palmyrah fruit has yet to be utilised globally for preparing ornamental fish feed (Sathyaruban 

et al., 2021). There is only one documented case of using palmyrah fruit for guppy fish in Sri 

Lanka (Sathyaruban et al., 2024). However, maintaining the shelf life of the experimental feed 

enriched with palmyrah fruit pulp presents significant challenges, especially given the climate 

conditions in tropical countries. The challenge is further complicated because palmyrah fruit is 

only available seasonally, while the feed may need to be stored for an entire year. To effectively 

utilise formulated fish feed in aquaculture systems, it is essential to study the feed’s 

comprehensive nutrient composition, physical properties, microbial contamination, toxicity, 

and storage stability (Waghmare et al., 2022). A thorough analysis of the shelf life of this 

experimental feed is necessary before it can be marketed. Existing studies have determined the 

shelf life of formulated fish diets to be between two to ten months, depending on the nutrients, 

packaging materials, and storage conditions (Royes & Chapman, 2003; Hossen, 2013; 

Venugopal & Keshavanath, 2022). Thus, this study aims to investigate the storage stability of 

an experimental feed enriched with palmyrah fruit pulp, including an analysis of nutritional and 

microbial changes over a ten-month storage period. 

 

Material and Method 

Experimental feed formulation 

A total of 11 fish feed ingredients were used in this study (Table 1). The soybean meal and 

maize were dust-free cleaned and ground into a fine powder in disk mill (FFC-23, China). All 

the powdered samples were stored in a sterilized container. Ripe palmyrah fruits were collected 

in the Northern region of Sri Lanka, and the pulp (PFP) was extracted manually without adding 

water from the ripe fruit.  

 

The selected raw ground ingredients' nutrient composition [Moisture, ash, gross energy, 

digestible energy, crude fat, and crude protein] was determined using AOAC (2019) for 

formulating the experimental feed.  Dry fish feed was formulated using a linear programming 

model at a 40% protein level (Velasco-Santamaría and Corredor-Santamaría, 2011). First, 

soybean meal and fish meal were mixed. Mazie, fish oil and wheat flour were gradually added. 

The feed ingredients were homogenized for 10 min in the mixer (AS – 40 Atlas). The required 

volume of the tap water was added, and the mixture was then slowly added into the mixed 

ingredients before adding mineral and vitamin premixes, DL- Methionine, L-Lysine, and Di-
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Calcium phosphate. The wet mixtures were pelleted using a feed pellet machine (AKP 40 

China). The dry feed pellets having similar diameters were processed in the machine. The 

pellets were sprayed with fish oil and dried in a forced-air oven (GEMMY-YCO-010) at 45 ºC 

for six hours.  

 

The experimental feeds were kept in labelled sterilized containers at room temperature (25 to 

33 ºC). Commercial feed (produced in China) was purchased from the local market and used 

as a test control.  

 

Table 1. Nutrient compositions ((mean ± SD) %) of raw ingredients   

Nutrient 

compositions 

FM SB Ma WF FO PFP 

Moisture (%) 90.2 ± 0.1 87.7 ± 1.5 87.3 ± 0.9 88 ± 1 --- 82 ± 

0.5 

Crude protein 

(% DW) 

72.1 ± 0.7 41.4 ± 1.3 9.7 ± 0.3 10.8 ± 0.5 --- 0.9 ± 

0.04 

Crude Fat (% 

DW) 

10.8 ± 0.3 3.8 ± 0.07 3.9 ± 0.2 1.7 ± 0.07 100 0.3 ± 

0.01 

Gross Energy 

(kcal kg-1) 

4833.3 ± 50.6 4220.3 ± 56.6 4021.7 ± 

26.8 

3864.3 ± 

55.8 

--- 1026 ± 

3.46 

Digestible 

energy 

(kcal/kg-1) 

3474.3 ± 22.3 2073.7 ± 

109.5 

2073.7 ± 

109.5 

 

2777.7 ± 

48.5 

-- ND 

Fiber (% 

DW) 

2.2 ± 0.1 6.5 ± 0.1 2.7 ± 0.1 0.8 ± 0.03  --- 1.6 ± 

0.03 

Calcium 

content 

(g100g-1) 

4.28 ± 0.03 0.27  0.017 0.318 ± 

0.01 

--- ND 

Phosphate 

content 

(g100g-1) 

3.2 ± 0.1 0.511  0.06  0.133 ± 

0.01 

--- ND 

Ash (% DW) 13.16 ± 0.15 6.07 ± 0.06 1.2 ± 0.1 0.62 ± 

0.03 

--- 0.83 ± 

0.04 

DW- Dry weight; FM – Fishmeal; FO-Fish oil; Ma- Mazie; PFP - Palmyrah fruit pulp; SB-

Soybean; WF- Wheat flour, ND- Not determined 

 

Evaluation of Feed Quality 

Nutrient Quality 

AOAC (2019) determined the nutrient composition of raw materials, experimental and 

commercial feeds. Total carotenoid content in experimental diets and commercial diets was 

performed according to the modified method described by Torrissen and Naevdal (1988). 

Homogenous samples of the diets (5 g) were taken and transferred to a motor and pestle. A 

small amount (2 g) of celite was added to it. The sample was ground and powdered well by 

adding 40 mL of cold acetone. It was transferred in a 100 mL conical flask (wrapped with 

aluminium foil) and closed tightly with a lid to minimize evaporation. The mixture was 

homogenized and mixed in a magnetic stirrer for 30 minutes. It was filtered with suction 

through a Buchner funnel with filter paper. The mortar and pestle, funnel, and residue of the 

sample were washed with 10 mL acetone and filtered through the funnel. The extraction was 

continued until the residue was devoid of colour. The mixture was centrifuged at 3500 rpm for 
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5 min and stored at 4 °C for 24 hours. The absorption of cooled supernatant was measured at 

450 nm by UV-Vis Spectrophotometer. Petroleum ether was used as a blank.  

 

The total carotenoid content (µg/g) was calculated using the following equation 3.11. 

 

=  [Absorption ×  dilution factor] / [𝐴1𝑐𝑚
1%  ×  Sample weight (g)]  

 

Where, 𝐴1𝑐𝑚
1%  = Extinction coefficient (0.25)  

A= Absorbance 

volume = Total volume of extract. 

 

To perform efficient extraction of carotenoids from the samples, all extractions were carried 

out at yellow light / dim light environment, temperatures at or below ambient, and all acetone 

solvents were cooled on ice prior to use.  

 

Toxicity Level and Microbial Count 

The aflatoxin level of the experimental feed was determined by ASTA (American Spice Trade 

Association) Method 24.2 (1986) with HPLC at Bureau Veritas Consumer Products Services 

Lanka (Pvt) Ltd., Sri Lanka.  

The total bacterial count (cfu g-1) was determined for the experimental and commercial feeds 

by following the dilution plate technique. Bacteria grown on nutrient agar medium were 

incubated for 48 h at 30 ºC (AOAC, 1990). 

 

Storage Stability of Experimental Feed 

The nutrient chemical composition [Moisture, crude fat (Soxhlet method), and crude protein 

(Kjeldahl method)], fatty acid profile (AOAC, 2012 -Trans esterification-FAME) of 

experimental feed fresh (0-month) and four-month storage feed was determined using AOAC 

(2019). After a ten-month storage, the experimental and commercial feeds were brought to the 

Norwegian College of Fishery Science, UiT, Norway and kept at 4ºC for further analysis. 

Moisture content (AOAC, 2019), Ash content (AOAC, 2019), crude fat (Folch et al., 1957), 

and fatty acid profile (AOAC, 2012 -Trans esterification-FAME) were determined.  

 

Cost-Effectiveness for Diet Preparation 

For this, the local retail sale market price of all the dietary ingredients at the time of the study 

was taken into account, and converted to US dollars (in 2021). The total expenditure incurred 

for formulating the experimental diets was then determined and compared with the cost of the 

commercial diet.  

 

User’s Perception 

The user’s perception was conducted by distributing questionnaires to various stakeholders, 

such as ornamental fish farmers, university students, staff, and administrative officers. 

Participants were given detailed information about the experimental diet, including its purpose, 

ingredients and potential health benefits. They were then asked to follow the diet for a specified 

period of time and give feedback through structured questionnaires and interviews.  

 

Statistical Analysis 

Data for all measured parameters were analysed using Minitab statistical software 2021. 

Variables are presented as mean ± standard deviation (SD). A two-sample t-test was used to 

compare differences between the two feed qualities. The storage stability data were tested for 

normality (Kolmogorov–Smirnov test) and homogeneity of variance. Tukey's significant means 
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test was employed to identify groups that were significantly different. Statistical differences 

were considered when P < 0.05. 

 

Results 

Nutritional composition of commercial and experimental feeds 

The nutrient requirements of ornamental fish probably vary based on the species, size, and 

environmental conditions (Jobling, 2012; Velasco-Santamaría & Corredor-Santamaría, 2011). 

Table 2 provides the nutrient composition of the both feeds.  

 

Table 2. Nutrient composition of experimental and commercial feeds 

Parameters Experimental 

Feed* 

Commercial Feed* 

Moisture Content (%) (w/w) 3.42 ± 0.16 4.70 ± 0.04 

Ash Content (%) (w/DW) 8.11 ± 0.24 8.32 ± 0.05 

Gross Energy (MJ/kg) 17.95 ± 0.13 18.27 ± 0.40 

Digestible Energy (MJ/kg) 12.49 ± 0.36 12.77 ± 0.29 

Crude Protein (%) (w/DW) 42.08 ± 0.24 41.26 ± 0.18 

Crude Fat (%) (w/DW) 5.22 ± 0.13 5.97 ± 0.18 

Total Carotenoid Content (µg/g) 96.46 ± 7.53 100.24 ± 0.80  

*All values are the mean of three replicates (n = 3).  

w/w – Weight in total weight, w/DW – Weight in dry weight, ER- Expansion ratio, BD – Bulk 

density, WAI- Water absorption index, WSI- Water solubility index 

 

Crude protein had the highest content of nutrient composition in experimental and commercial 

feeds. Feeds had a balanced crude protein level of 36 - 41%, with lipid content varying between 

5.22% experimental and 5.9% commercial feed. The level of the TCC varies (5.95 to 100.28 

µg/g) between the feeds. According to the current study, there is no significant difference (P < 

0.05) in the crude protein, ash, moisture, digestible energy, and gross energy levels between the 

experimental and commercial feeds. In contrast, the crude fat content was higher in the 

commercial feed than in the experimental feed. However, both feeds meet the nutritional 

requirements of the selected ornamental fishes (Jobling, 2012). The present observations of the 

nutrient chemical composition of formulated feed are comparable to the previous studies on the 

feed of ornamental fish species: Guppy fingerlings (Mohanta & Subramanian, 2011), Guppy 

brood stock (Suting et al., 2013), Swordtail fingerling (Mohanta & Subramanian, 2011), Platy 

fish fry (Sapkale et al., 2017), Black molly (Mohanta & Subramanian, 2011). According to our 

study, the total carotenoid content of the experimental feed (96.46 ± 7.53 µg g-1) showed a 

similar value to the total carotenoid content of the commercial feed.  

 

Storage stability of the commercial and experimental feeds 

Assessing the storage stability of a new product in the small-scale aquaculture industry is crucial 

as it could affect the nutrients' physical, chemical, or biological properties in the feed 

ingredients (Wagde et al., 2018). Our findings indicate that the experimental feed remains of 

stable quality after ten months of storage, with no significant changes in the moisture, protein, 

fat, aflatoxin, and total bacterial count. However, a few studies recorded that the experimental 

fish feed could be stored for four to twelve months. Venugopal and Keshavanath (2022) 

formulated dry fish feed incorporating fish meal, fish silage, or a mixture of taro leaves 

(Colocasia) for carp culture, which showed good keeping quality for up to three months under 

room temperature, coupled with satisfactory physical properties (Venugopal & Keshavanath, 

2022). Based on the findings by Royes and Chapman (2003), the formulated fish feed can be 

stored in a double freezer bag but should be discarded after six months (Royes and Chapman, 
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2003). Similarly, Hossen (2013) recorded that the sealed feedstuff at two different temperatures 

(Room temperature -25-30°C and low temperature 5-8°C) can be utilized for the African catfish 

for up to two months (Hossen et al., 2013). 

 

Moisture Content 

Monitoring moisture content during storage is essential since it can impact the feed's physical 

and chemical properties and possibly lead to microbial contamination (Rezaei & 

VanderGheynst, 2010). Figure 1 illustrates the changes in moisture content (%) of both 

experimental and commercial feeds over different storage durations: initial, four, and ten 

months. 

 

 

Figure 1. Effect of storage time (Zero-month, Four-month, and Ten-month) on the moisture 

content of experimental (Exp) and commercial (Com) feeds. Values are presented 

as mean ± SD. Values having different letters are significantly different (P < 0.05)    

 
At zero months, the moisture content for the experimental feed was recorded at 3.43 ± 0.01%, 

while the commercial feed showed a higher moisture level of 4.73 ± 0.54%. As the storage 

period progressed, both feeds exhibited a significant increase in moisture levels, indicated by 

the statistical significance (P < 0.05) of the results. By the end of the ten-month storage period, 

the moisture content for the experimental feed rose to 7.68%, compared to 7.52% for the 

commercial feed. The rise in moisture content could be due to environmental factors. High 

humidity levels in the storage area result in moisture absorption (Snow et al., 1944). Inadequate 

temperature and humidity control in the storage space can allow moisture to penetrate, thereby 

elevating the water content of the feed. Additionally, certain ingredients in fish feed, 

particularly those that are hygroscopic (capable of absorbing moisture), can contribute to 

increased moisture content over time. Ingredients like grains and pelleted forms may have 

inherent moisture-absorbing properties (Buchanan & Moritz, 2009). Despite the increases in 

moisture content over time, it's noteworthy that both feeds maintained moisture levels below 

a a 

b 

c 

c 

b 
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10% throughout the storage duration, which is critical in discouraging microbial growth (Vera 

Zambrano et al., 2019). BIS (1999) ensures that feed moisture levels should not exceed 12% to 

prevent microbial growth and toxic production by potential pathogens. The graph effectively 

highlights the trend of rising moisture in both feed types while emphasizing the overall stability 

of moisture levels within acceptable limits. Several strategies can be implemented to prevent 

fluctuations in moisture content during storage, including proper Packaging, controlled storage 

conditions, use of antioxidants.  
 

Crude Fat Content 

In Figure 2, the impact of storage on the fat content of both feeds at three different points is 

displayed.  

 

Figure 3. Effect of storage duration (Zero-month, Four-month, and Ten-month) on the fat 

content of experimental (Exp) and commercial (Com) feeds.  

 

The initial fat content of the formulated and commercial feed was 4.5 ± 0.16% and 8.39 ± 0.20% 

respectively. The results show that after ten months, the total fat content of the formulated and 

commercial feed was found to be 4.80% ± 0.22 and 10.57% ± 0.81, respectively. The fat content 

of the experiment feeds did not differ significantly (P < 0.05) during the three storage periods. 

However, there was a significant difference in commercial diets at 10-month storage, compared 

to zero and four months. Our research on fish feed found that both feeds had the highest crude 

fat content after ten months of storage. This was surprising because our Soxhlet method had a 

lower extraction efficiency than the Folch method. Our findings support past research (Fonti-

Furnols et al., 2015), which showed that the hexane solvent in the Soxhlet method is less 

effective at isolating the polar lipid fraction from the samples. In contrast, the Folch method 

uses a miscible mixture of polar and non-polar solvents. Further, one possibility is that the 

formulations have been adjusted to enhance energy density or improve palatability, leading to 

higher fat inclusion. Additionally, if the feed has been stored improperly, the breakdown of 

other components may result in an apparent increase in fat concentration as moisture content 

escalates. In fact, most of the previous studies reported that the fat content in the feed was 
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reduced at the end of the storage due to the breakdown of oil and vitamins and the lipid 

component's peroxidation (Siddhuraju & Becker, 2003). However, to prevent these nutrient 

breakdowns, feed manufacturers have attempted to utilise natural beneficial antioxidants 

(Siddhuraju & Becker, 2003). The present study utilized palmyrah fruit to achieve skin 

colouration. Apart from this, the fruit also functions as an antioxidant by providing a hydrogen 

molecule to the lipid peroxyl radical, which prevents the start of a new cycle in the auto-

oxidation reaction chain. This ingredient is rich in carotenoids, and hence, it can be protected 

against oxidation (Pathberiya & Jansz, 2005). The study concludes that the carotenoid 

component of the palmyrah fruit can be effectively utilized for its antioxidant properties. 

 

Fatty Acid Profile 

Table 3 illustrates the fatty acid profile of the experimental and commercial feeds at zero, three, 

and ten months of storage.  

 

  Table 3. Fatty acid profile of experimental and commercial feeds at zero and ten-month storage 

Fatty acids Experimental feed Commercial feed 

Zero-

month 

Three-

month 

Ten-

month 

Zero-

month 

Three-

month 

Ten-

month 

Saturated 

C14:0 Myristic acid 4.71 4.21 0.134 3.04 3.00 0.192 

C15:0 Pentadecanoic acid 0.97 0.96 0.45 0.90 0.84 0.61 

C16:0 Palmitic acid 22.71 21.54 18.11 18.70 16.22 12.77 

C17:0 Heptadecanoic acid 0.92 0.91 0.61 1.04 1.00 0.45 

C18:0 Stearic acid 3.75 3.35 2.23 2.75 2.44 1.79 

C20:0 Arachidic acid 0.20 ND 0.11 0.30 0.20 0.023 

∑ 33.06a 30.97a 21.08b 25.39a 23.70a 15.22b 

Monounsaturated 

C16:1 Palmitoleic acid 3.4 3.3 1.13 2.75 2.55 1.84 

C18:1 Oleic acid 16.49 15.68 14.52 23.2 23.1 21.52 

∑ 19.89a 18.98a 15.65b 25.95a 25.65a 23.36b 

Polyunsaturated 

C18:2 Linoleic acid (ω-6) 18.39 17.25 10.9 27.5 22.5 15.96 

C18:3 n-3 Linolenic acid (ω-

3) 

0.36 ND 0.16 0.12 ND 0.02 

C20:5 Eicosapentenoic acid 

(EPA) (ω-3)  

1.6 1.2 0.025 1.2 1.1 0.039 

C22:1 (n=11)  ND ND 0.025 ND 0.012 0.039 

C22:5 -n-3 Docosapentenoic 

acid (ω-3) 

0.5 0.2 0.4 0.4 0.2 0.3 

C22:6 n-3 Docosahexenoic 

acid (DHA) (ω-3) 

6.3 6.1 5.2  7.3 7.0 6.1 

∑ 27.5a 24.75a 11.485b 36.52a        30.812
b 

22.479c 

ND- Not detected. Values in the same raw of that each feed having different superscript 

letters are not significantly different (P < 0.05).  
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Six types of saturated fatty acids are measured, including notable ones such as palmitic acid 

(C16:0), which is predominant in both feed types at zero months but shows a marked decrease 

by ten months. The total saturated fatty acids for the experimental feed decreased significantly 

(P < 0.05) from 33.06% to 21.08%, while for the commercial feed, it declined from 25.39% to 

15.22%. 

 

In the monounsaturated fatty acid category, the experimental feed contains higher levels of 

palmitoleic acid (C16:1) and oleic acid (C18:1) at zero months compared to the commercial 

feed. However, both feed types exhibited a decrease in total monounsaturated fatty acids over 

the ten-month storage period, dropping from 19.89% to 15.65% for the experimental feed and 

from 25.95% to 23.36% for the commercial feed. 

 

The polyunsaturated fatty acids section reveals significant changes, particularly with linoleic 

acid (C18:2), showing a substantial decrease in both feeds after ten months of storage. The total 

polyunsaturated fatty acids decreased for the experimental feed from 27.5% to 11.485% and for 

the commercial feed from 36.52% to 22.479%, indicating that prolonged storage negatively 

affects these essential fatty acids, which are particularly susceptible to oxidation due to their 

high content of unsaturated fatty acids (Filipe et al., 2023).  

 

According to Table 3, a considerable loss of fatty acids was observed in both feeds after ten-

month storage. The possibility of microbial degradation, variations in feed composition, or 

altered metabolic pathways may play a role. Potential influences could include its susceptibility 

to enzymatic activity or the stability of other co-occurring fatty acids that may protect or 

enhance its retention.  Our findings are in agreement with Secci and Parisi (2016); Wazir et al. 

(2021). However, the PUFA (C18:4, n=3; C22:1, n=11; C22:6, n=3) detected after the ten-

month storage. In the present study, experimental feed contained Elaidic acid (C18:1 n-9) and 

palmitic acid (C16:0), which were most abundant and are reported to be important fatty acids 

for fish (Özogul & Özogul, 2007).  

 

Overall, the profile illustrates a downward trend in the proportion of all fatty acids in both feed 

types after ten months of storage, highlighting the potential impact of storage duration on the 

nutritional quality of the feeds. Furthermore, the recommendations on strategies to protect fatty 

acids in feeds involve elements such as antioxidant supplementation, optimising storage 

conditions to minimise exposure to light and heat, and proper formulation techniques to enhance 

fatty acid stability during the storage and feeding phases.  

 

Crude Protein 

The protein content under storage conditions for ten months is presented in Figure 3. The results 

in our study showed that the crude protein content (%DW) was recorded with 42.03 ± 3.15 for 

experimental feed and 40.31 ± 0.96 for commercial feed at the zero-month. It was increased at 

42.17 ± 0.06 and 40.53 ± 0.37, respectively, in ten-month storage before falling slightly in four-

month storage. However, these changes were not statistically significant with respect to that of 

storage. The observation regarding the protein content is indeed intriguing. While the present 

study would typically expect protein levels to remain stable or increase due to potential 

degradation over time, fluctuations can occur due to various factors, including storage 

conditions, temperature, and exposure to moisture. This finding aligns with the research by 

Waghmare et al. (2022), which indicated that the crude protein concentration remained stable 

over 12 months of storage for feed enriched with microalgal biomass (Picochlorum sp.). In 

contrast, Camacho-Rodríguez et al. (2018) suggested that the total protein levels in fish feed 

incorporating NAN (Nannochloropsis) and ISO (Isochrysis) showed a gradual decrease from 
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the outset. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Effect of storage duration (Zero-month, Four-month, and Ten-month) on the protein 

content of experimental (Exp) and commercial (Com) feeds. 

 

Aflatoxin and Total Bacterial Count 

Feed contamination and toxicity are challenging factors in every newly formulated feed, 

particularly in tropical countries (Marijani et al., 2019). The findings indicate that the locally 

produced experimental feed is safe from aflatoxin contamination, as it was found to be below 

the quantification limit for B1, B2, G1, and G2 at (9.68, 1.33, Not detected, and 0.30 μg/kg) 

respectively, which is lower than the maximum permissible level (20 μg/kg) given by the 

European Commission standard for feed ingredients (EC, 2002). Additionally, the total 

bacterial count in the experimental feed was lower (1.0 x 103 to 2 x 103 cfu g-1) than the Bureau 

of Indian Standards limit of 104 cfu g-1 (Bureau of Indian Standards, BIS, 1999).  

However, previous studies from tropical countries reported that fish feeds were contaminated 

by aflatoxin ranging from 1.83–150 μg kg-1 (Marijani et al., 2019; Rokvic et al., 2020). Marijani 

et al. (2019) reviewed the occurrence of fungi and mycotoxins in formulated fish feeds and their 

impact on fish health. A study by Rokvic et al. (2020) aimed to determine the mycotoxin levels 

in carp aquaculture in Serbia. The carp were fed a diet consisting of plant-based products.  

 

Summary of the Respondents 

The respondents’ (100) feedback on the questionnaire concerning the specially formulated feed 

enriched with palmyrah fruit pulp for the ornamental fish is summarized in Table 4. The survey 

aimed to gather opinions and insights from individuals who have experience in caring for 

ornamental fish. The respondents provided valuable information and perspectives on the 

formulated feed, which was designed to meet the specific colouration of the ornamental fish.  

Many aquarium keepers have small glass and fibreglass tanks equipped with infrastructure, 

such as aerators, lights, and ornaments. Most people rear a limited number of fish, around 20 in 

total. However, they regularly clean the tanks five to seven times.  

In terms of the economic section, most of the respondents agreed that the experimental feed 

enriched with PFP is cost-effective. After analysing the feed quality with the respondents, it 
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was found that the experimental feed has higher quality characteristics and is readily marketable 

in the local market. However, the texture of the feed needs to be assessed. 

All of the respondents highly recommended this product and were asked to provide feedback 

on its shelf life. 

 

Table 4. Summary of the 100 respondents’ feedback on the questionnaires concerning the 

aquarium setup, economic, environmental, and product features.  

Section 1: Aquarium setup 

Type of aquarium setup Glass 50 

Fiberglass 50 

Plastic -- 

Size Small 50 

Medium 40 

Large 10 

Number of fish <5 -- 

5--10 -- 

10--15 -- 

15--20 80 

20< 20 

Species Guppy 80 

Swordtail 60 

Barbs 50 

Tetra 70 

Gourami 30 

Catfish 10 

Angel 30 

Accessories Filter 100 

Aerator 100 

Ornamental 

plants 

100 

Stones 100 

Ornaments 100 

Lights 80 

Cleaning (days)  3--5   

5--7 100 

7--10   

>10   

Section 2: Economic 

Cost effective feed Yes 80 

No 20 

Section 3: Environment 
 

Causing turbidity Yes 70 

No 30 

Turbidity forming (days) 1--2 80 
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3--5 20 

Feed quality -Odour Yes   

No 100 

Feed quality -Colour Yes 80 

No 20 

Environmentally friendly Yes 100 

No   

Section 4: Product Features 

Which feature do you think is 

more valuable  

Colour 10 

Size 100 

Odour 100 

Hardness 100 

Above all 90 

Other than the 

above 

  

 

The present survey examined the aquaculturists’ perceptions and acceptance of an innovative 

fish-fed product enriched with PFP. Some clear evidence emerges from the results. First, the 

acceptability of an innovative feed product-experimental feed inclusion of the PFP seems more 

appropriate for most ornamental fish and is characterized by different aspects, from 

sustainability to food safety.   

A few studies have stressed the importance of providing transparent information to increase 

aquaculturists’ awareness of cost-effective feed in aquaculture (Menozzi et al., 2021; Sogari et 

al., 2022; Spartano & Grasso, 2021). Therefore, this study represents a step toward 

comprehending even more aquaculturists acceptance of a new product. 

 

Cost-Effectiveness for Diet Preparation 

Table 5 shows the production costs (0.52675 US $ per kilogram) of experimental feed.  

 

  Table 5. Production cost of experimental feed 

EA: Easily accessible  

Ingredients Price US $ per Kg (2021) Required amount 

(g) of ingredients 

Price US $  

Fish meal  0.6 290 0.174 

Fish oil  EA 20 EA 

Soybean meal  0.56 400 0.224 

Maize  0.31 80 0.0248 

Vitamin  1.79 20 0.0358 

Mineral  1.79 20 0.0358 

DL-Methionine  3.5 1 0.0035 

L-Lysine  2.01 1 0.00201 

Di-Calcium 

phosphate  

0.72 5 0.0036 

Wheat flour  0.28 83 0.02324 

Palmyrah Fruit 

Pulp  

EA 80  

Total  1000 0.52675 
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However, this cost would vary with varying ingredient costs in different seasons of the year and 

changes in ingredient production methods. The price (11.5 US $ per kg) of the imported feed 

(commercial feed) is higher than the experimental feed cost. The findings of this study suggest 

that producing an experimental feed on a small scale is 22 times more cost-effective than using 

commercial feed due to lower costs and the reliability of raw ingredients (Sutharshiny et al., 

2022). If production is to expand to an industrial scale, costs for packing and storing the 

experimental feed would need to be considered. 

 

Conclusion 

In conclusion, the study highlights the significant impact of storage duration on the moisture 

content, crude fat levels, and fatty acid profiles of both experimental and commercial fish feeds. 

Monitoring these parameters is crucial to maintaining the stability and quality of feeds 

throughout their storage life, as increases in moisture content can lead to microbial 

contamination, while variations in fat content may affect the nutritional value and palatability 

of the feeds.  

 

Despite the observed increases in moisture and fat content over ten months, both feed types 

remained within acceptable moisture levels, mitigating the potential for microbial growth. This 

underscores the importance of effective storage conditions, including proper packaging and 

temperature control, to sustain feed quality. The research also indicates that both feed 

formulations maintained a relatively high crude fat content, suggesting potential adjustments in 

formulation or storage practices to enhance energy density. 

 

Moreover, the decline in saturated fatty acids over time, particularly for the experimental feed, 

points to the need for continuous evaluation of feed compositions to prevent nutrient 

degradation. The use of natural antioxidants, such as those derived from palmyrah fruit, reflects 

innovative approaches to preserving feed quality and highlights the potential benefits of 

incorporating functional ingredients in feed formulations. Further, it could be stored at room 

temperatures 25 to 33ºC for up to ten months without adding dehydrating agents.  

 

Overall, these findings provide valuable insights that can guide feed manufacturers and 

researchers in optimizing storage practices, formulation strategies, and ingredient selection to 

enhance the nutritional and safety aspects of fish feeds, ultimately supporting sustainable 

aquaculture practices. Further research is warranted to explore the long-term effects of various 

storage conditions and formulations on feed quality and efficacy. 
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