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INTRODUCTION  

 

Ornate spiny lobster (Panulirus ornatus) is one of the most valuable crustacean 

fishery commodities in Indonesia due to its high economic value. Lobster cultivation has 

steadily increased in recent years (Jones et al., 2019; Nguyen et al., 2022). This growth 

is driven partly by a 4.15% increase in global consumption of marine animals, including 

lobster, resulting from changes in dietary patterns and a greater public understanding of 
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The ornate spiny lobster (Panulirus ornatus) is a high-value aquaculture 

species in Indonesia. Developing sustainable and environmentally friendly 

feed is essential to support the lobster farming industry. This study 

evaluated the effects of fish meal- and mollusk meal-based formulated diets 

on digestive enzyme activity, feed efficiency (FE), and growth performance 

of P. ornatus. Four experimental diets were tested: Diet A (20% sardine 

meal and 20% jack mackerel meal), Diet B (10% telescopium muscle meal, 

15% golden snail meal, and 15% mud scallop meal), Diet C (15% 

telescopium muscle meal, 10% golden snail meal, and 15% mud scallop 

meal), and Diet D (15% telescopium muscle meal, 15% golden snail meal, 

and 10% mud scallop meal). Parameters measured included digestive 

enzyme activity (amylase, protease, and lipase), feed efficiency, and growth 

performance over a 50-day feeding trial. Lobsters fed mollusk-based diets 

(Diets B, C, and D) exhibited significantly higher growth, greater feed 

efficiency, and enhanced digestive enzyme activity compared to those fed 

the fish meal-based diet (Diet A). In conclusion, mollusk meal-based diets 

can improve digestive enzyme activity, FE, and growth performance in P. 

ornatus. 

mailto:aguskurnia@uho.ac.id


Kurnia et al., 2025 4762 

the health benefits of seafood (Utama et al., 2021; Bakhsh et al., 2023). Another factor 

is the high market price of Indonesian lobster, which can reach USD 36/kg; during 

Chinese New Year, the price can rise to USD 65/kg, and upon arrival at restaurants, the 

selling price may reach USD 90/kg (Made et al., 2025). 

Feeding management is a critical determinant of successful lobster cultivation 

(Rizqullah et al., 2024). Farmers often rely on trash fish or shellfish as feed. However, 

providing trash fish or other fresh feeds, such as mollusks, is not sustainable (Astuti et 

al., 2023). Fresh feed can negatively impact aquaculture by reducing water quality 

through organic pollution and contributing to overexploitation of fish stocks used for 

feed. In addition, trash fish may act as disease vectors in lobster culture (Tacon et 

al., 2013; Yusoff et al., 2024). This highlights the need to transition from fresh feed—

including trash fish, mollusks, and bivalves—to formulated pellet diets for more 

sustainable and environmentally friendly cultivation (Goncalves et al., 2024). 

Growth in fish and shrimp is strongly influenced by feed intake and nutrient 

composition (Evrendilek, 2024; Kurnia et al., 2024; Nunes et al., 2024). Feed digestion 

is facilitated by enzymes such as amylase, protease, and lipase, and growth is linked to 

the efficiency of these enzymes (Fuchs, 2022; Guan et al., 2022; Klahan et al., 2023). 

Enzymatic activity ensures efficient nutrient acquisition for growth (Candiotto et 

al., 2018; Fang et al., 2019; Muttharassi et al., 2021; Navarro-Guillén et al., 2022). 

Previous studies have examined enzyme activity and growth in juvenile P. ornatus 

(Genodepa et al., 2023; Saputra & Fotedar, 2024), as well as the effects of restricted 

feeding on Panulirus homarus (Sekartadji et al., 2023). Other research has investigated 

feed formulations, enzyme activity, and growth in lobsters (Gora et al., 2018; 

Buckova, 2022; Giri et al., 2023; Goncalves et al., 2024; Sudewi et al., 2024). 

In addition to enzyme activity, intestinal morphology—specifically villus length 

and width—also affects digestion. Larger villi increase the absorptive surface area, 

improving digestion efficiency in fish and shrimp. Feeding habits can influence digestive 

tract structure and gut microbiota (Li et al., 2021; Jiao et al., 2023; Fu et al., 2024; 

Hasanthi et al., 2024; Neves et al., 2024). Alterations in intestinal morphology, such as 

changes in villus width (VW) and muscularis thickness (MT), can impact nutrient 

absorption and gut microbial communities (Limbu et al., 2018). 

Nutritional studies have addressed feed formulation and amino acid profiles in P. 

ornatus fed combinations of three mollusk meals (Kurnia et al., 2024), and the effects of 

fresh blue mussel (Mytilus galloprovincialis) supplementation on juvenile slipper lobster 

(Thenus australiensis) (Landman et al., 2020). The influence of flesh ingredient format 

and krill meal on growth and feeding behavior of juvenile P. ornatus has also been 

examined (Marchese et al., 2018). However, no studies have specifically focused on the 

biochemical responses of P. ornatus to feed formulations containing both mollusk and 

fish meal. Therefore, this study aimed to evaluate the effects of formulated diets 
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containing fish and mollusk meal on digestive enzyme activities and growth performance 

in ornate spiny lobster.  

MATERIALS AND METHODS  

Experimental feed  

Four experimental feed were formulated to contain a different combination of fish 

and mollusk meal including 20% jackmackerel meal + 20% sardine fish meal (Diet A), 

10% telescopium muscle meal (TMM) + 15% golden snail meal (GSM) + 15 mud 

scallops meal (MSM) (Diet B), 15% TMM + 10% GSM + 15% MSM (Diet C), and 15% 

TMM + 15% GSM + 10% MSM (Diet D). All feed ingredients are shown in Table (1). 

 

Table 1. Formulation of all test feed for ornate spiny lobster and results of proximate 

analysis 

Feed Ingredient 

Test Feed (g/100 g feed) 

             A               B                C                D 

Sardine fish meal (SFM) 20 0 0 0 

Jackmackerel fish meal (JFM) 20 0 0 0 

Telescopium muscle meal (TMM) 0 10 15 15 

Golden snail meal (GSM) 0 15 10 15 

Mud scallops meal (MSM) 0 15 15 10 

Shrimp head meal 15 15 15 15 

Soybean meal 25 25 25 25 

Corn meal 9 9 9 9 

Fine bran meal 5 5 5 5 

Sago meal 4 4 4 4 

Corn oil 0.5 0.5 0.5 0.5 

Fish oil 0.5 0.5 0.5 0.5 

Squid oil 0.5 0.5 0.5 0.5 

Vitamin and mineral mix* 0.5 0.5 0.5 0.5 

Total 100 100 100 100 

Results of proximate analysis of the test feed (%) 

Moisture  9.93 9.36 9.15 9.71 

Crude protein  38.52 33.76 35.52 35.56 

Crude lipid 2.96 1.74 1.99 1.11 

Ash  13.17 11.34 10.39 10.9 

Fiber 9.66 10.39 11.36 11.12 

Carbohydrate 35.42 43.8 42.95 42.72 

Lipid energy (Kcal/100 g) 26.64 15.66 17.91 9.99 

Total energy (Kcal/100 g) 322.4 325.9 331.79 323.11 

* Vitamin E 8.000 IU, Vitamin K3 2.000 mg, Vitamin B12.000 mg, Vitamin B2 5.000 mg, Vitamin A 

12.000.000 IU, Vitamin D3 2.000.000 IU,Vitamin B6 500 mg, Vitamin C 25.000 mg, Calcium-D-

pantothenate 6.000 mg, Niacin 40.000 mg, Cholin chloride 10.000 mg,Vitamin B12 12.000 ug, Methionine 

30.000 mg, Lysine 30.000 mg, Zinc 100.000 mg, Cobalt 200 mg, Copper 4.000 mg Manganese 120.000 

mg, Iron 20.000 mg, Iodine 200 mg. 
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Test lobster 

Ornate spiny lobsters were caught in the marine waters of Southeast Sulawesi, 

Indonesia. They were transported to the Seawater Cultivation Laboratory, Faculty of 

Fisheries and Marine Science, Halu Oleo University, and placed in a one-ton fiber tank 

for temporary storage (five days) to reduce stress and acclimate to laboratory conditions. 

Lobsters were weighed and grouped into three categories based on body weight: 

153.3 ± 15.3 g (Group 1), 183.33 ± 15.3 g (Group 2), and 218 ± 12.3 g (Group 3). A total 

of 24 lobsters were distributed into 12 aquariums (two lobsters per aquarium, 

60 × 40 × 50 cm³) and maintained for one week to adapt to experimental conditions. 

During acclimatization, lobsters were fed trash fish at 10% of total biomass for five days 

(17:00 h feeding), then fish flesh was gradually reduced until only pellets were consumed. 

Feeding trial 

After acclimatization, the 24 lobsters were housed in plastic containers with a 

seawater recirculation system (salinity: 30–33 ppt) for a 50-day feeding trial. One day 

before the trial began, lobsters were fasted for 24h to ensure that weight measurements 

reflected true body weight. Feeding occurred twice daily (09:00 and 17:00) at 

approximately 2% of body weight. Seawater was replaced weekly (30% of container 

volume). Weight measurements were taken on days 0, 25, and 50. Each morning, uneaten 

feed and feces were removed by siphoning. Leftover feed was sun-dried and weighed to 

calculate feed consumption. 

Proximate analysis of test feeds 

Test feeds were analyzed for crude lipid, crude ash, moisture, crude protein, and 

fiber content. Moisture content was determined using the oven-drying method at 110°C 

(SNI 01-2891-1992, point 5.1). Protein content was determined using the Kjeldahl 

method (18-8-31/MU/SMM-SIG). Total fat content was measured by Soxhlet extraction 

(18-8-5/MU/SMM/SIG, point 3.2.1). Ash content was determined by incineration at 

600 °C (SNI 01-2891-1992, point 6.1). Crude fiber was measured using strong acid and 

base digestion (18-11-111/MU/SMM-SIG, gravimetry method). 

 

 

Sample preparation for enzyme assay 

Enzyme activity (protease, lipase, amylase) was measured in the hepatopancreas 

and intestine at the start (day 0) and end (day 50) of the feeding trial. Lobsters were 

anesthetized with dry ice for 10 min, dissected, and intestines were removed and 

weighed. A buffer solution (20 mM HCl, 1 mM EDTA, 10 mM CaCl₂, pH 7.5) was added 

at 10% of tissue weight. Samples were placed in Eppendorf tubes and centrifuged at 

12,000 rpm for 10min at 4°C. The supernatant was collected for enzyme assays and 

stored at −20°C until use (Ou et al., 2018). 
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Digestive enzyme activity measurement 

Protease — Activity was determined according to Bergmeyer and Grassi (1983). 

Tubes for samples, standards, and blanks were prepared with 1mL of 0.05 M phosphate 

buffer (pH 7) and 1mL of casein substrate solution (20mg/ mL, pH 7). Sample tubes 

received 0.2mL of enzyme extract; standard tubes received 0.2mL of 5mmol/mL 

tyrosine; blanks received 0.2mL distilled water. Tubes were incubated at 37°C for 10min. 

Then, 2mL of 0.1 M TCA was added to all tubes. Additional reagents (0.2mL of 2mmol/ 

L CaCl₂ for blanks and standards; 0.2mL distilled water for samples) were added. 

Filtrates (1.5mL) were mixed with 1mL Folin–Ciocalteu reagent and 5mL of 0.4 M 

Na₂CO₃. Absorbance was measured at 578nm. 

Lipase — Activity was measured following Borlongan (1990). A total of 1mL 

lipase substrate in 1.5mL of 0.1 M Tris–HCl buffer (pH 8.0) was mixed with 1mL 

enzyme extract and incubated at 37°C for 6 h. Before ending incubation, 3mL of 95% 

ethanol was added. The mixture was titrated with 0.01 N NaOH using 0.9% 

thymolphthalein in ethanol as an indicator. 

Amylase — Activity was measured according to Worthington (1993). A total of 

0.5mL substrate solution was added to 0.5mL enzyme extract and incubated at 95°C for 

3min. Then, 0.5mL DNSA reagent was added and incubated again at 95°C for 5min. 

Absorbance was read at 540nm. 

 

Measurement of intestine somato index (ISI) 

Lobsters taken from the container were first weighed to record body weight, then 

dissected to remove the intestines. The intestinal somatic index (ISI), expressed as a 

percentage, was used to determine the relationship between intestinal weight and lobster 

body weight. ISI was calculated using the following equation (Wu et al., 2011):  

 

ISI= Intestine weight (g)/Total body weight(g) × 100 % 

 

Growth performance and data analysis 

Growth performance of lobsters was assessed by measuring initial weight, final 

weight, weight gain (WG = Wt – Wo), specific growth rate (SGR = (ln Wt –

 ln Wo) / t × 100), feed conversion ratio (FCR = feed intake / (Wt – Wo)), total feed 

consumption (TFC = dry feed given – dry feed remaining), and feed efficiency 

(FE = (final body weight – initial body weight) / feed intake). Additional parameters 

included protein retention (PR = (amount of lobster body protein at the end – amount at 

the beginning) / protein consumed during maintenance), net protein utilization 

(NPU = WG / total protein intake), protein efficiency ratio (PER = WG / dry weight of 

protein), and molting frequency (Farizah et al., 2017; Kim et al., 2021). 

All growth performance parameters (WG, SGR, FCR, TFC, FE, PR, NPU, PER) 

and digestive enzyme activity were analyzed using one-way analysis of variance 
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(ANOVA). Significant differences between treatments were determined using Duncan’s 

Multiple Range Test (DMRT) in SPSS (Version 20.0), with a significance level of 

P< 0.05. 

 

RESULTS  

 

Digestive enzyme activity 

Table (2) presents the digestive enzyme activity (lipase, amylase, and protease) test 

results. Enzyme activities at the end of the experiment were higher than at the start. 

Ornate spiny lobsters fed diet B (10% TMM + 15% MSM + 15% GSM) showed the 

highest digestive enzyme activity at the end of the trial. These results indicate that 

different combinations of fish and mollusk meal produced significantly different enzyme 

activity levels. 

Table 2. Enzyme activity of ornate spiny lobster at the initial and the end of the  

               experiment. 

 
Enzyme activity  Initial The end of the experiment 

A B C D 

Amylase (IU/mL) 3.037±0.05 4.159±0.38a 6.599±0.09b 3.717±0.20a 3.799±0.27a  

Lipase (IU/mL) 0.175±0.005 0.265±0.01b 0.442±0.01c 0.228±0.02a 0.283±0.03b 

Protease(IU/mL) 0.412±0.04 0.478±0.05a 0.782±0.05b 0.440±0.023a 0.495±0.00a 
Note: *) The values in same rows with different superscript letters indicate significant  

           differences (P< 0.05). 

 

Amylase showed the highest digestive enzyme activity, followed by protease and 

lipase. At the end of the experiment, the highest amylase activity was recorded in lobsters 

fed diet B (6.599 ± 0.09 IU/mL), followed by diet A (4.159 ± 0.38 IU/mL), diet C 

(3.799 ± 0.27 IU/mL), and diet D (3.620 ± 0.32 IU/mL). Statistical analysis revealed that 

different test feeds resulted in significant differences in amylase activity. Lobsters fed 

diet B had amylase activity significantly different from those fed diets A, C, and D, while 

amylase activity in lobsters fed diet A was not significantly different from those fed diets 

C and D. 

The highest lipase activity was found in lobsters fed diet B (0.442 ± 0.01 IU/mL), 

followed by diet D (0.283 ± 0.03 IU/mL) and diet A (0.265 ± 0.01 IU/mL). Statistical 

analysis showed that different feeds led to significant differences in lipase activity. 

Lobsters fed diet B had lipase activity significantly different from those fed diets A, C, 

and D, while lipase activity in lobsters fed diet A was not significantly different from 

those fed diet D. 

Protease activity in ornate spiny lobsters was higher at the end of rearing compared 

to the beginning. The highest protease activity was observed in lobsters fed diet B 

(0.782 ± 0.05 IU/mL), followed by diet D (0.495 ± 0.00 IU/mL), diet A 

(0.478 ± 0.05 IU/mL), and the lowest in lobsters fed diet C (0.440 ± 0.023 IU/mL). 
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Statistical analysis confirmed that different test feeds significantly affected protease 

activity. Lobsters fed diet B had protease activity significantly different from all other 

treatments, while protease activity in lobsters fed diet A was not significantly different 

from those fed diets C and D. 

Results of the intestine somatic index (ISI), height, and width villi of lobster 

The results of ISI, height, and width of villi in ornate spiny lobster after 50-day 

rearing period are shown in Table (3). 

Table 3. Average of ISI, villi height and villi width of ornate spiny lobster (P. ornatus) at 

the end of feeding trial 

Parameter  Treatment groups 

 A B C D 

ISI (%) 0.30±0.11 0.27±0.07 0.30±0.03 0.23±0.06 

Villi height 

(µm) 

132.24±0.95a 315.36±11.08b 312.09±16.53b 304.42±1.47b 

Villi width (µm) 90.13±5.89a 144.26±22.53b 148.85±19.77b 222.55±11.77c 
Different superscripts in the same column show that there are significant differences (P<0.05). 

The ISI of ornate spiny lobster given test feed at the end of the experiment ranged 

from 0.23 ± 0.06 to 0.30 ± 0.11%. Statistical analysis showed that the different test feeds 

did not significantly affect ISI. Lobsters fed a combination of mollusk meal had greater 

villus height than those fed fish meal. The villus height of lobsters given mollusk meal 

ranged from 304.42 ± 1.47 to 315.36 ± 11.08µm, while those given fish meal measured 

132.24 ± 0.95µm. The highest villus width was recorded in lobsters fed diet D 

(222.55 ± 11.77µm), followed by diets C (148.85 ± 19.77µm) and B (144.26 ± 22.53µm). 

Overall, lobsters fed mollusk meal had wider villi compared to those given a combination 

of fish meal. 

 

Growth performance and feed conversion ratio (FCR) 

The results of growth performance and FCR of lobster given test feed containing 

fish meal and mollusk meal are presented in Table (4). 

 

Table 4.  Weight gain (WG), specific growth rate (SGR), daily growth rate (DGR), feed  

                intake (FI), feed efficiency (FE), FCR, and survival rate (SR) of ornate spiny  

                lobster 

Parameter Treatments 

 A B C D 

WG (g) 2.45±1.42a 6.84±3.13b 5.025±0.67ab 3.19 ± 1.26a 

DGR 0.049±0.02a 0.137±0.04b 0.100±0.01ab 0.064±0.02a 

SGR (%) 0.039±0.02 0.084±0.05 0.056±0.03 0.051±0.02 

FI (g) 240.77±4.63a 348.84±9.97d 273.67±8.41b 294.65±0.58c 

FE (%) 1.01 ± 0.57 1.97± 0.97 1.83±0.19 1.28±0.35 

FCR 117.83 ± 66.60 56.18±26.22 54.84±5.65 81.11±22.18 

SR (%) 100 100 100 100 
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Note: *) The values in same rows with different superscript letters indicate significant differences 

(P< 0.05). 

 

The WG, FI, and DGR of ornate spiny lobster given a combination of mollusk meal 

were higher than those fed a combination of fish meal. Meanwhile, lobster fed a 

combination of fish and mollusk meal did not significantly differ in the SGR, FE, FCR 

and SR. The results also showed that lobster given a combination of mollusk meal had 

higher FI than those given a combination of fish meal. 

 

DISCUSSION 

 

In this study, digestive enzyme activity increased at the end of rearing, especially in 

the mollusk-feeding group. This aligns with the theory of enzymatic adaptation, which 

states that organisms increase the production of specific enzymes to maximize the use of 

available substrates (Klahan et al., 2023). The increase in amylase, lipase, and protease 

activity in ornate spiny lobsters at the end compared to the beginning of the experiment 

indicates that the digestive system had adapted to maximize nutrient extraction from 

available feed. Lobsters kept for a long period produce more digestive enzymes to break 

down macronutrients, including proteins, lipids, and carbohydrates, in greater quantities 

(Johnston et al., 2004; Saputra & Fotedar, 2024). According to a previous study, larger 

lobsters have a higher basal metabolic rate, which demands a greater energy supply, 

resulting in more active digestive enzyme performance (Rodríguez-Viera et al., 2017). 

With increasing age, enzyme production also rises to meet the constant demand for amino 

acids, fatty acids, and glucose. Increased digestive enzyme activity facilitates the 

availability of these nutrients (Kurnia et al., 2024). 

The increase in amylase, lipase, and protease activity in lobsters fed mollusk-based 

diets was attributed to nutrients more similar to natural food, containing protein, lipids, 

and carbohydrates in a balanced composition and being more easily digested. In other 

words, enzymatic activity maximized the digestion and absorption of nutrients 

(Sharifinia et al., 2023; Kurnia et al., 2024). A more diverse nutritional composition 

stimulates the production of digestive enzymes such as amylase (for carbohydrates), 

lipase (for lipids), and protease (for proteins) (Johnston et al., 2004). 

Amylase showed the highest activity, reflecting the high proportion of 

carbohydrates in the test feed and the fast energy requirements of lobsters. High amylase 

induction also demonstrates physiological adaptation to feed with significant 

carbohydrate content, where lobsters prioritize carbohydrate digestion to meet basic 

energy needs (Simon et al., 2011). Spiny lobsters have a complex relationship with 

carbohydrate digestion, primarily prioritizing protein and lipid metabolism for energy. 

Although these species can digest carbohydrates effectively, utilization is limited. Studies 

have shown that lobsters absorb carbohydrates, with a significant increase in free glucose 

and glycogen storage when dietary carbohydrate levels rise—particularly with wheat 
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inclusion. However, metabolic capacity limits the effective use of carbohydrates beyond a 

certain threshold, typically around 20% of feed (Rodríguez-Viera et al., 2017; Singha et 

al., 2023). 

Although lower in activity than amylase, lipase and protease remain important for 

digesting lipids and proteins (Johnston et al., 2004). The increase in these two enzymes’ 

activity in the mollusk group indicates the availability of more complex and diverse 

substrates, which induce the digestive system to produce more enzymes (Perera et al., 

2008). This also suggests that lobsters may utilize protein and fat from mollusk more 

efficiently than from fish meal. 

The height and width of intestinal villi can change depending on the type of food 

consumed (Perera & Simon, 2015; Kim et al., 2023). Lobsters fed mollusk meal had 

larger villi than those fed fish meal. Larger villi provide a greater surface area for nutrient 

absorption, aiding digestion and growth. This occurs because mollusk contains essential 

nutrients—such as amino acids, PUFA, minerals, and vitamins—that help form and 

repair villi tissue (Perera & Simon, 2015; Hammel et al., 2024). Longer and wider villi 

increase nutrient absorption efficiency, supporting better growth in lobsters and white 

shrimp (Perera & Simon, 2015; Kim et al., 2023). Nutrients such as essential amino 

acids, PUFA, minerals, and vitamins enhance villi tissue formation (Moniruzaman et al., 

2021; Zhu et al., 2023). Furthermore, mollusk amino acids are more digestible for 

lobsters, supporting protein synthesis for villi (Kurnia et al., 2024). Mollusk also 

contains bioactive peptides, polysaccharides, and natural prebiotics that maintain healthy 

gut microbiota. Balanced gut bacteria increase vitamin production, boost immunity, and 

improve intestinal health, promoting villi growth and maintenance (Rajeev et al., 2021; 

Liu et al., 2024). Mollusk may also provide higher levels of minerals such as zinc, 

copper, and iron, as well as vitamins including B-complex and D, which are important for 

processes like cell renewal and tissue synthesis (Wright et al., 2018). These 

micronutrients contribute to gut health and villi formation (Anzabi et al., 2023). 

Lobsters fed mollusk-based diets showed higher weight gain and daily growth rates 

compared to those fed fish meal-based diets, indicating increased feed efficiency 

(Margaret et al., 2009; Kurnia et al., 2024). These results are consistent with the 

findings of Li et al. (2018) who concluded that, mollusk-based feed is closer to the 

natural diet of lobsters and can improve digestion and nutrient absorption. Feed rich in 

essential amino acids and high-quality proteins, such as those found in mollusk, can 

promote growth (Muskita et al., 2024; Sharifinia et al., 2024). Although fish meal 

contains a complete amino acid profile, lobsters in the wild do not typically consume fish 

(Sudewi et al., 2021). 

Marchese et al. (2019) and Landman et al. (2020) demonstrated that mollusk-

containing feed tends to enhance lobster growth rates compared to fish-based feed. This 

effect is attributed to the higher omega-3 fatty acid content in mollusk, which supports 

growth as well as digestive and immune system health. Mollusk-based feed may better 
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match lobsters’ nutritional requirements, improving energy conversion efficiency to 

biomass. Goncalves et al. (2024) confirmed that diets aligned with natural feeding habits 

can improve SGR. Feed intake in lobsters given a mollusk combination (Food B, C, and 

D) was higher than in those given a fish combination (Feed A), suggesting a preference 

for mollusk-based diets. Similar trends were observed in feed efficiency (FE), where 

lobsters fed mollusk meal had higher FE values than those on fish meal-based diets. 

Higher FE indicates that more energy is allocated to growth rather than metabolism or 

waste (Dai et al., 2024). This is likely because mollusk nutrients are better suited to 

lobsters’ metabolic needs, as also reported by Giri et al. (2023), who found that mollusk-

based feed improved FE in various crustacean species. 

 

CONCLUSION 

 

In conclusion, mollusk meal-based feed—comprising telescopium muscle, golden 

snail, and mud scallop meal—had a greater positive impact on digestive enzyme activity, 

feed efficiency (FE), and growth performance of ornate spiny lobster than fish meal-

based feed made from sardine and jack mackerel meal. 
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