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Abstract. This study evaluated the effects of dietary nano-zeolite silica composite (NZSC) on the growth 
performance, nitrogen metabolism, and water quality in African catfish Clarias gariepinus over a 120-day 
feeding trial. Four dietary treatments were formulated with varying levels of NZSC, including a control 
(T1) and three incremental inclusion levels (5.7, 11.4 and 22.8 g kg-1 feed, respectively). Results 

indicated that while initial weight and length were similar across groups (p > 0.05), significant differences 
were observed in final weight (p = 0.02), weight gain (p = 0.02), growth rate (p = 0.02), and condition 
factor (p = 0.00), with T1 consistently outperforming T3. However, no significant differences were 
detected in survival rate, feed conversion ratio (FCR), or feed efficiency ratio (FER) (p > 0.05). Intestinal 
total nitrogen and crude protein levels showed no significant variation among treatments (p = 0.16), 
though lower values were recorded in the higher NZSC group. Water quality parameters - dissolved 
oxygen, pH, temperature, ammonia, nitrite, and total dissolved solids - remained within optimal ranges 
across all treatments, with no significant differences (p > 0.05). These findings suggest that while NZSC 
inclusion did not adversely affect survival or water quality under the experimental conditions, excessive 
levels may reduce growth performance and protein retention. Optimal dosing strategies are therefore 
essential to maximize the nutritional benefits of NZSC in catfish aquaculture.  
Keywords: ammonia, aquaculture, catfish, nanotechnology, nutrition. 

 

 

Introduction. Aquaculture has evolved as one of the world's fastest-growing food-

production sectors, making important contributions to protein security and economic 

development, particularly in developing countries. African catfish (Clarias gariepinus) is a 

valuable aquaculture species due to its rapid development, high feed conversion 

efficiency, tolerance to a variety of environmental conditions, and strong acceptance by 

consumers. However, issues like feed inefficiency, inadequate growth performance, and 

elevated mortality rates continue to limit the productivity and sustainability of catfish 

aquaculture systems (El-Sayed 2006; Katampe 2023). These challenges necessitate the 

exploration of novel dietary strategies to enhance performance metrics and overall 

aquaculture efficiency.  

Recent advancements in nanotechnology have introduced new possibilities for 

improving fish nutrition and health management (Khan et al 2024; Mahmud & Haque 

2025). The nano-zeolite silica composites (NZSCs) are engineered nano-materials that 

combine the properties of zeolites - such as ion exchange, adsorption, and antimicrobial 

activity - with the bio availability advantages of silica at the nanoscale. Previous studies 

have reported that nano-zeolite supplementation can enhance nutrient absorption, 

improve gut health, mitigate oxidative stress, and improve water quality by reducing 

ammonia and toxic compounds in aquatic systems (Moradi et al 2025). Despite promising 

findings in other species such as Oreochromis niloticus, the effects of NZSCs on C. 
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gariepinus remain underexplored, and systematic studies assessing their growth-

promoting potential, survival benefits, and feed efficiency implications are lacking. 

This research aims to fill a significant research gap by examining the impact of 

NZSC dietary supplementation on the growth performance, feed utilization efficiency, 

survival and nitrogen metabolism of C. gariepinus. An enhanced comprehension of these 

relationships may substantially aid in the advancement of more sustainable and 

economically viable aquaculture operations.  

 

Material and Method 

 

Experimental preparation and treatments. The experiment was conducted at the 

College of Fisheries, Central Luzon State University (CLSU), Science City of Muñoz, Nueva 

Ecija, Philippines, and the feeding trial was conducted for 120 days, from April 1 to July 

29, 2024. A completely randomized design was employed with four dietary treatments 

and four independent replicates per treatment (n = 4), resulting in a total of 16 

experimental tanks. Initial weight and length of C. gariepinus were recorded on the first 

day of the experiment. Fish had an initial average body weight of 21 g and an initial 

average length of 15 cm at a density of 50 individuals per cubic meter, following the 

guidelines of Eguia & delos Reyes (2005). All tanks were thoroughly cleaned and 

disinfected. A continuous flow-through water system was implemented to maintain 

dissolved oxygen levels within the optimal range throughout the experimental period. 

Four dietary treatments were prepared as outlined in Table 1. Various concentrations of 

NZSC were dissolved in 250 mL of distilled water and uniformly sprayed onto 1 kg of 

commercial feed. This ensured even coating of the feed particles prior to further testing 

or use. The treated feeds were then air-dried and stored in clean, high-density 

polyethylene (HDPE) containers with tight-fitting lids to prevent contamination from 

pests. The standard concentration of 11.4 g kg-1 of feed, comprising 10.6 g zeolite and 

0.8 g nano-silica was adopted based on preliminary trials conducted. Lower (5.7 g kg-1 

feed) and higher (22.8 g kg-1 feed) concentrations of NZSC were also tested for 

comparative evaluation. Both the nano-silica and zeolite materials used in the 

formulation were sourced from a certified commercial supplier. 
 

Table 1 
Dietary treatments and inclusion levels of NZSC used in the feeding trial 

 

Treatments Concentration of NZSC (g kg-1 of feeds) 

T1 Control – without NZSC 
T2 5.7 
T3 11.4 
T4 22.8 

 

Sampling and monitoring. Following the stocking and acclimatization period, all 

experimental groups were provided with their respective treatment diets. Feeding was 

carried out twice daily. Fish were sampled every 30 days to evaluate the growth 

performance (de Jesus-Ayson & Borski 2010; Bu et al 2017). We calculated the average 

body weight (ABW) and daily feed ratio (DFR) to ensure appropriate feed allocation for 

each group. During each sampling, body weight was recorded using a digital weighing 

scale, while body length was measured with a carbon fiber composite digital caliper. 

These measurements were used to monitor growth trends and adjust feeding rates 

accordingly. Two hours after each feeding, uneaten feed was siphoned, air-dried, and 

weighed to determine actual feed intake, which was then used to compute the feed 

conversion ratio (FCR). To minimize handling stress and enhance recovery, fish were 

fasted for 12 hours before and after sampling, following the recommendations of Lu et al 

(2019). Mortality was checked daily, and any dead fish were immediately removed and 

recorded.  
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Growth parameters, feed efficiency and survival. The growth indices, feed utilization 

and survival were calculated using the formulas below (Aanyu et al 2018, 2020; Bashar 

et al 2021):  

 

1. Average body weight (ABW): 
 

ABW = Total body weight of individuals (g) / number of individuals 
 

2. Daily feed ratio (DFR): 
 

DFR (g d-1) = 
Number of fish x Survival rate (%) x ABW (g) x Feeding rate (%) 

                                           100 
 

3. Final average weight (FAW): 
 

FAW (g) = 
Total fish biomass at end of the experiment (g) 

Number of fish at the end of the experiment 
 

4. Weight gain (WG):  

WG (g) = Final mean weight of individual (g) – Initial mean weight of individual (g) 

  

5. Final average fish length: 
  

Final length (cm) = 
Total length at the end of the experiment (cm) 

Number of fish at the end of the experiment 

6. Length gain (LG): 

  

LG (cm) = Final mean length of individuals (cm) – Initial mean length of individuals(cm) 

 

7.  Percentage weight gain (PWG): 
 

 

 
 

8. Daily growth rate (DGR): 

DGR (g d-1) = 
Weight gain (g) 

Duration of experiment (days)  

 

9. Specific growth rate (SGR) 

 

10. Daily growth coefficient (DGC): 
 

 

 
 

11. Condition factor (CF): 

CF = (Final average fish weight/ Final average total lenght3 x100 

 

12. Feed conversion ratio (FCR): 
 

  FCR = 
Dry feed consumed (g)  

Live weight gain (g)  
 

13. Feed efficiency ratio (FER): 
 

FER = (Weight gain / Dry feed consumed) x 100 
 

14. Survival rate (%): 
 

         % Survival = (No. of fish at end of the experiment / Initial number of fish) x 100 

PWG (%) = 
Weight gain (g) 

x 100 
Initial weight (g)   

SGR (% day-1) = 

Ln (final average weight (g)) – Ln (initial weight 

(g))  x 100 

Study period (day) 

DGC (% day-1) = 
Final average weight (g)1/3– Initial weight (g)1/3  

x 100 
Study period (day) 
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Intestine total nitrogen and crude protein analysis. At the end of the experiment, 

the fish were collected and euthanized for total nitrogen and crude protein analysis of the 

intestinal tissue. Dissection was performed, and both the small and large intestines were 

carefully removed using sterilized forceps. For each treatment and replicate, 25 g of 

intestinal tissue were required for analysis. The freshly excised intestines were 

immediately stored in a refrigerator to preserve the sample integrity. Any residual 

connective tissues or debris were meticulously removed. Subsequently, the prepared 

samples were placed in clean glass bottles in preparation for extraction. The prepared 

samples were submitted at the Integrated Laboratory Division of the Department of 

Agriculture (DA) Region 02 at Tuguegarao City, Cagayan, Philippines for total nitrogen 

and crude protein analysis using the semi-automatic Kjeldahl method with reference to 

AOAC official method 984.13 (AOAC International 2000).   

 

Water quality parameters analysis. The water quality in the experimental system was 

assessed throughout the study. Prior to the start of the experiment, all instruments were 

calibrated, including the dissolved oxygen (DO) and temperature analyzer, as well as the 

pH and TDS/EC meters. Temperature, DO, pH, and total dissolved solids (TDS) were 

monitored once daily. The temperature and DO were measured using a pen-type 

intelligent RCYAGO DO analyzer (Model DO9100, Euyoo, Shenzhen Yibai Network 

Technology Co., Ltd.), while pH and TDS levels were monitored using a portable pH 

meter and a T-1 portable TDS/EC meter (Model AH-140B, Infitek Co., Ltd., Jinan, 

Shandong). Furthermore, water samples were collected from each experimental tank and 

transported to the laboratory room for ammonia and nitrite analysis using colorimetric 

and spectrophotometric methods with reference to EPA Method 350.1 (USEPA 1993). The 

absorbance of the processed samples for ammonia and nitrite was measured using a U-

5100 UV/VIS spectrophotometer (Model 3J2-0015, Hitachi High-Technologies 

Corporation, Tokyo, Japan) at wavelengths of 630 nm and 543 nm, respectively.  

 

Statistical analysis. All data were analyzed using One-Way Analysis of Variance 

(ANOVA) in SPSS. Significant differences among treatment means were identified using 

Tukey’s post hoc test at p < 0.05. Results were expressed as mean±standard deviation 

(SD). Data were tested for normality and homogeneity of variance; appropriate 

transformations were applied when assumptions were not met.  
 

Results. The growth performance of C. gariepinus under the various dietary treatments 

revealed some variation in ABW and DFR, as shown in Table 2, together with other 

growth parameters presented in Table 3.  
 

Table 2 
Mean average body weight (ABW) and daily feed ratio (DFR) (mean±SD) of Clarias gariepinus, 

recorded at each growth sampling interval throughout the feeding trial 
 

Parameter T1 T2 T3 T4 P-value 

1st sampling 
ABW (g) 20.26±0.53a 20.59±1.80a 20.92±0.90a 20.53±1.43a 0.90 

DFR (g day-1) 770.00±20.00a 2745.87±76.03a 5454.25±78.29a 7050.00±316.19a 0.91 

2nd sampling 
ABW (g) 28.91±0.80a 29.66±1.29a 29.21±0.25a 29.33±1.05a 0.73 

DFR (g day-1) 782.50±68.50a 2817.11±123.08a 5507.25±117.51a 7322.00±219.38a 0.73 

3rd sampling 
ABW (g) 58.69±1.94a 58.83±1.18a 57.73±1.65a 58.00±0.67a 0.66 

DFR (g day-1) 795.00±34.16a 2775.10±24.15a 5367.00±73.86a 7092.00±637.76a 0.16 

4th sampling 
ABW (g) 78.31±1.99a 80.45±1.69a 75.04±5.25a 84.11±6.91a 0.08 

DFR (g day-1) 780.00±54.16a 2786.06±99.73a 5459.00±38.34a 7079.75±382.84a 0.78 

Means in the same row with same superscript letter are not significantly different. 
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Table 3 
The growth parameters, feed efficiency and survival (mean ± SD) of Clarias gariepinus after 120 

days of feeding trial 
 

Parameters T1  T2 T3 T4 P-value 

Initial weight (g) 20.26±0.53a 20.59±1.80a 20.92±0.90a 20.52±1.43a 0.90 
Final average 

weight (g) 
128.00±8.91a 117.36±2.30ab 115.08±3.50b 118.64±3.22ab 0.02 

Weight gain (g) 107.74±9.08a 96.77±3.86ab 94.15±3.77b 98.11±3.41ab 0.02 
Initial length (cm) 14.94±0.99a 15.49±1.42a 15.60±1.46a 14.69±0.82a 0.67 

Final average 

length (cm) 

24.20±0.68a 24.62±0.27a 24.68±0.38a 25.12±0.40a 0.09 

Length gain (cm) 9.26±1.32a 9.13±1.19a 9.08±1.25a 10.43±0.92 a 0.36 
PWG (%) 532.25±51.54a 473.59±56.25a 450.91±31.99a 479.91±40.58a 0.13 

DGR (g day-1) 0.89±0.08a 0.80±0.03ab 0.79±0.03b 0.82±0.03ab 0.02 
SGR (% day-1) 1.53±0.06a 1.45±0.08a 1.42±0.05a 1.46±0.06a 0.15 

DGC (% day-1) 1.88±0.10a 1.75±0.09a 1.72±0.06a 1.77±0.06a 0.06 

CF 0.91±0.07a 0.79±0.04b 0.77±0.05b 0.75±0.02b 0.00 
FCR 2.08±0.20a 2.39±0.08a 2.28±0.24a 2.47±0.23a 0.13 
FER 0.49±0.07a 0.42±0.01a 0.44±0.05a 0.41±0.04a 0.13 

SR (%) 93.23±2.85a 94.27±1.27a 94.40±2.60a 93.10±2.86a 0.82 

Means in the same row with different superscript letters are significantly different (p < 0.05). 
 

The ABW and DFR were measured and computed during each sampling period to ensure 

accurate feed allocation for each treatment group. Both ABW and DFR increased 

progressively from the first to the fourth sampling, reflecting normal growth throughout 

the experimental period. Nevertheless, no statistically significant differences were 

detected among treatments in terms of ABW and DFR at any sampling period since all p-

values exceeded 0.05.  
Moreover, initial weights (20.26±0.53 to 20.92±0.90 g) and lengths (14.69±0.82 

to 15.60±1.46 cm) were statistically similar across all treatments (p > 0.05). Significant 

differences were observed in final weight (p = 0.02), weight gain (p = 0.02), DGR (p = 

0.02, and CF (p = 0.00). Fish in the control group (T1) achieved the highest final weight 

(128.00±8.91 g), weight gain (107.74±9.08  g), and DGC (1.88±0.10 g day-1), all 

significantly greater than T3, which recorded the lowest performance in these 

parameters. The final length, length gain, PWG, SGR, DGC, and survival rates showed no 

significant differences among treatments (p > 0.05). However, the CF as indicator of the 

overall well-being and body robustness, was significantly higher in the control group 

(0.91±0.07) compared to all other treatments, indicating potentially better body 

condition in fish not receiving the additive. Furthermore, FCR and FER showed no 

significant differences among treatments (p > 0.05), suggesting that the NZSC additive 

did not compromise feed utilization efficiency or fish viability. While it did not significantly 

enhance growth, its inclusion did not adversely affect survival or feed efficiency, though 

some reduction in growth performance and condition factor was noted at higher inclusion 

levels. 

 

Intestine total nitrogen and crude protein analysis. The biochemical analysis of the 

intestinal tissue revealed that total nitrogen content varied across the treatment groups, 

ranging from 1.55±0.09 in T3 to 1.96±0.25 in the control group. Similarly, crude protein 

content showed a range from 9.66±0.56 in T3 to 12.28±1.58 in the control (Table 4). 

Despite these variations, statistical analysis showed that the differences were not 

significant, with p-values of 0.16 for both total nitrogen and crude protein, both 

exceeding the 0.05 significance threshold. This indicates that the inclusion of NZSC in the 

diet did not produce a statistically significant effect on these intestinal biochemical 

parameters after 120 days of feeding. 
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Table 4 
The total nitrogen and crude protein analysis of the African catfish C. gariepinus intestine after 120 

days of feeding trial. 
 

Parameters T1 T2 T3 T4 P-value  

Total nitrogen 1.96±0.25a 1.86±0.14a 1.55±0.09a 1.93±0.45a 0.16 
Crude protein 12.28±1.58a 11.65±0.85a 9.66±0.56a 12.15±2.76a 0.16 

Mean in the same row with same superscript letter is not significantly different. 

 

Water quality parameters. The water quality parameters monitored throughout the 

study - namely DO, pH, temperature, TDS, total ammonia, and nitrite - did not exhibit 

any statistically significant differences across the four treatment groups (p > 0.05) (Table 

5). The DO levels ranged from 6.36 to 6.53 mg L-1, while pH remained stable between 

7.54 to 7.59, and temperature ranged narrowly from 30.60 to 30.69°C. Similarly, TDS, 

total ammonia, and nitrite values showed minor fluctuations but no significant variation. 

The ammonia levels ranged from 0.28 to 0.30 mg L-1 and nitrite level which was < 0.1 

mg L-1 is within the optimal ranges safe for fishes (Durborow et al 1997; Boyd 2000; 

Molleda et 2007). These findings suggest that the inclusion of NZSC as a feed additive 

did not adversely affect water quality. All recorded values remained within the optimal 

range for C. gariepinus culture, indicating a stable and suitable aquatic environment 

across all treatments. Therefore, the use of the NZSC appears to be environmentally safe 

and does not compromise water quality under the experimental conditions of this study.  
 

Table 5 
The effects of NZSC in the water quality parameters (mean±SD) after 120 days of feeding trial 

 

Parameters T1 T2 T3 T4 P-value  

DO (mg L-1) 6.53±0.19a 6.36±0.24a 6.51±0.10a 6.46±0.05a 0.45 

pH 7.59±0.09a 7.56±0.05a 7.55±0.04a 7.54±0.03a 0.71 

Temperature (oC) 30.69±0.18a 30.68±0.16a 30.64±0.12a 30.60±0.08a 0.78 

TDS 261.13±2.14a 268.23±5.58a 262.46±2.57a 264.24±4.79a 0.13 

Total ammonia (mg L-1) 0.30±0.06a 0.28±.07a 0.29±0.06a 0.29±0.08a 0.99 
Nitrite (mg L-1) 0.04±0.00a 0.04±.01a 0.05±0.00a 0.04±0.01a 0.21 

Mean in the same row with same superscript letter is not significantly different. 

 

Discussion. The present study revealed that dietary supplementation with NZSC in C. 

gariepinus diets did not significantly alter intestinal total nitrogen or crude protein levels, 

nor did it negatively impact water quality. However, fish in the control group (T1) 

achieved significantly higher final weight, weight gain, GR, and CF compared to those 

treatments received higher levels of NZSC. These results suggest that excessive dietary 

inclusion of NZSC may not enhance, and may even slightly reduce, certain growth 

indices. 

The contrasting response observed in the present study suggests that the tested 

NZSC levels may have exceeded the optimal range for growth promotion in African 

catfish. For example, Shlenkina et al (2021) reported that C. gariepinus fed diets with 

3% and 5% natural zeolite achieved marked improvements in growth performance, with 

average daily gains increasing by 4.15 g and 4.68 g, and final weights improving by 

~124 g and ~140 g, respectively. Similarly, Abdel-Rahim (2017) found that 2% zeolite 

inclusion in Nile tilapia (Oreochromis niloticus) diets significantly improved final weight, 

SGR, feed utilization, CF, and economic returns. 

Several factors may explain the discrepancies between those studies and the 

current findings. Firstly, the inclusion rate of NZSC in this study may have exceeded the 

optimal threshold, leading to nutrient-binding effects. This is supported by Elshafy et al 

(2024), who observed that excessive zeolite can adsorb not only harmful metabolites but 

also essential dietary nutrients, reducing their bioavailability and potentially impairing 

growth. Secondly, interactions between NZSC and specific dietary components could 

affect feed palatability or nutrient digestibility, resulting in inefficient nutrient utilization. 

Thirdly, ontogenetic variation may play a role, as the benefits of nano-zeolite, such as 

enhanced digestive enzyme activity and mineral absorption, are often more pronounced 
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in younger fish with developing gastrointestinal tracts (Sarsembayeva & Ikramzhan 

2025). 

Interestingly, significant differences in CF among treatments suggest possible 

changes in body composition or energy allocation, rather than gross weight gain alone. 

This supports earlier findings by Mitra et al (2025), who reported that zeolite-

supplemented diets improved fillet quality and reduced lipid deposition without 

necessarily increasing overall growth rate. 

With respect to water quality, all measured parameters (DO, pH, ammonia, nitrite, 

temperature, and TDS) remained within optimal ranges and showed no significant 

differences across treatments. This indicates that dietary NZSC is environmentally safe 

under the conditions tested. While other studies, such as those by Zain et al (2018) and 

Mansour et al (2022), demonstrated improved DO and reduced ammonia and nitrite 

concentrations through direct application of natural zeolite (10-15 g L-1) in Nile tilapia 

(Oreochromis niloticus) and European seabass (Dicentrarchus labrax) systems, such 

effects are generally absent in feed-based applications. 

Supporting this distinction, Saeed et al (2015), Hamed et al (2022), and Ali et al 

(2025) observed that direct application of zeolite into rearing water resulted in immediate 

adsorption of nitrogenous compounds, thus improving water quality and fish 

performance. In contrast, dietary NZSC interacts primarily within the digestive tract, 

where it can bind toxins, modulate gut microbiota, and influence nutrient absorption and 

waste composition (Öz & Aral 2023; Şahin et al 2024). Therefore, the influence of dietary 

NZSC on water quality is indirect and secondary to its digestive effects. 

This interpretation is consistent with the review of Ghasemi et al (2018) and 

conclusions by Abdel-Rahim (2017), which categorized feed-based zeolite use more 

accurately as a nutritional enhancer rather than a primary tool for water remediation. 

Accordingly, while NZSC did not induce any significant water quality improvement in this 

study, its inclusion did not compromise environmental parameters, and its potential 

effects may be associated with digestive or nutrient interaction mechanisms. 

 

Conclusions. This study demonstrates that dietary inclusion of NZSC in the diet of 

African catfish C. gariepinus over a 120-day period had no significant impact on intestinal 

total nitrogen or crude protein levels, nor on key water quality parameters such as 

dissolved oxygen, ammonia, and nitrite. However, higher inclusion levels of NZSC were 

associated with a modest reduction in growth performance, particularly in final weight, 

weight gain, and condition factor, suggesting that excessive supplementation may 

interfere with nutrient assimilation or feed utilization efficiency.  

Although NZSC did not compromise survival, feed conversion, or environmental 

safety, its growth-promoting effects were not evident at the tested levels, indicating a 

need for careful optimization of inclusion rates. Furthermore, the absence of significant 

improvements in water quality under feed-based delivery reinforces the idea that NZSC 

functions primarily as a nutritional modulator rather than a direct water treatment agent. 

In summary, NZSC can be safely incorporated into African catfish C. gariepinus 

diets without adverse effects on water quality or fish health; however, its application 

should be dosage-sensitive to avoid potential nutrient-binding drawbacks. Although lower 

intestinal total nitrogen and crude protein values were observed in T3, the differences 

among treatments were not statistically significant (p > 0.05). Therefore, no definitive 

conclusion can be made regarding the effects of NZSC on nitrogen utilization or ammonia 

metabolism in African catfish. Further studies involving nitrogen balance, digestibility, 

and metabolic analyses are recommended. 

Future studies should explore lower inclusion thresholds, possible synergistic 

formulations (e.g., with probiotics or enzymes), and the long-term effects on tissue 

composition, immunity, and economic returns. 
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