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 Feed efficiency and growth performance remain important factors in catfish culture 

systems. Probiotic supplementation has been applied as a nutritional approach to improve 

nutrient utilization and fish growth. Kombucha contains mixed microbial populations, 

including Komagataeibacter, lactic acid bacteria, and yeast that support digestive 

processes and physiological performance in fish. This study evaluated the effects of 

dietary kombucha supplementation on growth rate (GR), specific growth rate (SGR), feed 

conversion ratio (FCR), absolute growth, and survival of Clarias sp. The study employed 

a Completely Randomized Design (CRD) consisting of four treatments and three 

replications. Experimental diets consisted of commercial feed supplemented with 

kombucha at 0 mL/kg (control), 4 mL/kg, 8 mL/kg, and 16 mL/kg of feed. A total of 144 

juvenile Clarias sp. with an initial average body weight of 8.04 ± 0.12 g were cultured 

for 28 days. To maintain the stability of the supplemented diets, fresh feed batches were 

prepared weekly throughout the experimental period and stored under refrigerated 

conditions until use. All feeds were prepared using the same coating and drying 

procedures to ensure consistency among treatments. GR, SGR, FCR, absolute weight 

gain (AWG), absolute length gain (ALG), and survival rate (SR) were evaluated. Data 

were analyzed using one-way analysis of variance (ANOVA) followed by LSD tests at p 

< 0.05. Dietary kombucha supplementation significantly affected GR, SGR, FCR, AWG, 

and ALG (p < 0.05). Fish receiving 16 mL/kg supplementation produced the highest 

growth performance among treatments. Treatment C (16 mL/kg feed) generated GR of 

0.412 ± 0.022 g day⁻¹, SGR of 3.141 ± 0.133% day⁻¹, FCR of 1.447 ± 0.175, AWG of 

11.530 ± 0.609 g, and ALG of 3.93 ± 0.252 cm. SR showed no significant differences 

among treatments (p > 0.05) and remained above 94%. Dietary kombucha 

supplementation improved growth performance and feed utilization efficiency of Clarias 

sp. under the present experimental conditions. Among the supplementation levels 

evaluated, 16 mL/kg feed produced the highest growth performance and feed utilization 

response. However, this level should be interpreted as the best treatment within the tested 

range rather than an optimal supplementation dose.  

 

Keywords: 

absolute growth, aquaculture, Clarias sp., feed 

efficiency, kombucha, life below water, 

probiotic 

 

 

 
1. INTRODUCTION 

 

Catfish (Clarias sp.) is one of the most widely cultivated 

freshwater fish species due to its rapid growth, high market 

demand, adaptability to diverse environmental conditions, and 

relatively simple culture practices [1]. Intensive catfish culture 

systems continue to increase production capacity and meet 

growing consumer demand. Intensive culture conditions often 

require high feed input and elevated stocking densities. These 

conditions can affect feed utilization efficiency and influence 

fish growth performance and health status [2]. 

Feed represents a major component of operational costs in 

aquaculture production. Feed costs can account for more than 

half of total production expenses in fish farming systems [3]. 
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Feed efficiency has a direct relationship with fish growth and 

production performance. Low feed utilization efficiency can 

reduce growth rate (GR) and increase production costs. 

Nutritional approaches that improve nutrient digestion and 

absorption remain important for aquaculture development [4, 

5]. 

Probiotics have received considerable attention as feed 

additives in aquaculture. Probiotic supplementation can 

improve digestive performance, maintain microbial balance in 

the gastrointestinal tract, and support nutrient utilization 

efficiency [6]. Probiotic microorganisms can also produce 

bioactive compounds and digestive enzymes that contribute to 

nutrient degradation and assimilation processes [7]. 

Improvement of intestinal microbial communities can affect 

physiological performance and growth responses in cultured 

fish [8]. 

Kombucha is a fermented product produced through 

microbial activity involving symbiotic cultures of bacteria and 

yeast. Kombucha contains mixed microbial populations 

including acetic acid bacteria, lactic acid bacteria, and yeast 

communities [9]. Komagataeibacter is one of the dominant 

bacterial groups commonly found in kombucha fermentation 

systems and has an important role in metabolite production 

and fermentation activity [10]. Fermentation products can 

contain organic acids, vitamins, enzymes, and other 

metabolites that support digestive function and microbial 

balance in aquatic animals [11]. 

Application of kombucha as a probiotic feed supplement in 

aquaculture remains limited. Information regarding the use of 

kombucha supplementation for catfish culture remains scarce. 

The physiological response of Clarias sp. to different 

supplementation levels requires further evaluation. Dose-

dependent responses influence growth performance and feed 

utilization efficiency. Most probiotic studies in catfish focus 

on commercial bacteria or LAB preparations. Information 

regarding kombucha-derived mixed microbial 

supplementation remains limited. 

This study aimed to evaluate the effects of kombucha 

supplementation on GR, specific growth rate (SGR), feed 

conversion ratio (FCR), absolute growth, and survival of 

Clarias sp. The study also evaluated growth responses across 

different supplementation levels to identify an effective 

supplementation range under the present culture conditions. 

Most probiotic studies in catfish culture have focused on 

single-strain bacterial products, particularly Bacillus spp. and 

lactic acid bacteria. In contrast, kombucha contains a naturally 

fermented consortium consisting of acetic acid bacteria, lactic 

acid bacteria, yeasts, and fermentation-derived metabolites. 

These mixed microbial communities provide broader 

functional effects on digestive processes than conventional 

probiotic preparations. Despite increasing interest in 

fermented feed additives, information regarding kombucha 

supplementation in Clarias sp. remains scarce. Therefore, 

evaluating its effects on growth and feed utilization 

contributes to the development of alternative probiotic 

strategies for sustainable catfish production. 

 

 

2. MATERIAL AND METHODS 

 

2.1 Study site and experimental period 

 

The experiment was conducted at the Integrated Farming 

System (IFS) Laboratory and Bioscience Laboratory, PSDKU 

Universitas Brawijaya, Kediri, Indonesia. Kombucha bacterial 

density analysis was performed at Satwa Sehat Laboratory, 

Malang. The study was conducted over 28 days from 

November to December 2025. 

 

2.2 Experimental design 

 

The study employed a Completely Randomized Design 

(CRD) consisting of four treatments with three replications per 

treatment. Experimental diets were prepared by 

supplementing commercial feed with kombucha at different 

concentrations: control (0 mL/kg feed), treatment A (4 mL/kg 

feed), treatment B (8 mL/kg feed), and treatment C (16 mL/kg 

feed). Dose selection was based on previous studies reporting 

beneficial effects of kombucha supplementation in fish 

culture. The 8 mL/kg dosage was adopted as a reference level, 

while lower and higher concentrations were included to 

evaluate dose-dependent responses and determine a 

potentially effective supplementation range. 

Fish were randomly allocated to experimental units using a 

random-number procedure. Containers were arranged 

randomly within the laboratory and repositioned periodically 

to minimize positional effects. Each container served as the 

experimental unit for statistical analysis. 

 

2.3 Fish and rearing conditions 

 

A total of 144 healthy juvenile Clarias sp. were obtained 

from a local fish farm in Kediri, Indonesia. Prior to the 

experiment, fish were acclimatized and selected to obtain 

relatively uniform body size. Initial body weight and total 

length averaged 8.04 ± 0.12 g and 10.4 ± 0.17 cm, 

respectively. Fish were randomly stocked into twelve rearing 

units consisting of modified 15 L plastic containers containing 

approximately 12 L of freshwater. Stocking density was 

maintained at 12 fish per container. Continuous aeration was 

supplied using air stones connected to aerators. Before fish 

stocking, the water was conditioned for three days to stabilize 

environmental conditions. Commercial feed containing 

approximately 31% crude protein was used throughout the 

experiment. Fish were fed twice daily at 08:00 and 16:00 at a 

feeding rate of 5% biomass day⁻¹. Feed quantity was adjusted 

weekly based on fish growth measurements. 

 

2.4 Kombucha preparation and feed supplementation 

 

Kombucha was prepared using black tea, sugar, SCOBY, 

and starter culture following a standard fermentation 

procedure. Briefly, 25 g of black tea was boiled in 1000 mL of 

water and supplemented with sugar at 100 g L⁻¹. After cooling 

to room temperature, a Symbiotic Culture of Bacteria and 

Yeast (SCOBY) and 150 mL of previously fermented 

kombucha starter culture were added. Fermentation was 

conducted under dark conditions at 24 ± 3 ℃ for 14 days. The 

fermentation period was selected based on commonly reported 

kombucha fermentation protocols to obtain a stable fermented 

product. 

Microbiological characterization of the fermented 

kombucha was performed at the Satwa Sehat Laboratory, 

Malang. Total bacterial density reached 2.10 × 10⁸ CFU mL⁻¹ 

as determined by the total plate count (TPC) method. 

Preliminary bacterial characterization was conducted using 

Gram staining and biochemical assays, including Sulfide-

Indole-Motility (SIM), Methyl Red-Voges Proskauer (MR-
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VP), Triple Sugar Iron Agar (TSIA), and Simmons Citrate 

Agar tests. The dominant isolate exhibited Gram-negative rod 

morphology, positive motility, acid-producing fermentation 

activity, and the ability to utilize glucose, lactose, and sucrose. 

Based on these phenotypic and biochemical characteristics, 

the isolate was presumptively classified as a member of the 

acetic acid bacteria group, consistent with members of the 

genus Komagataeibacter, which is commonly associated with 

kombucha fermentation. 

Previous studies have reported that mature kombucha 

fermentations generally exhibit acidic pH values ranging from 

approximately 2.5 to 3.5 and contain mixed populations of 

acetic acid bacteria and yeasts. However, pH, titratable acidity, 

and yeast abundance were not quantified in the present study 

and therefore are not reported as experimental measurements. 

Kombucha was applied to the commercial feed by spraying 

the required volume of fermented kombucha onto the pellet 

surface according to the designated treatment dosage. Distilled 

water and 0.05% Progol binder were applied using the same 

procedure across all treatment groups. The pellets were mixed 

manually for approximately 3–5 min to ensure uniform 

coating and distribution of the fermented suspension. 

Following application, the coated feed was air-dried at room 

temperature (27–29 ℃) for 24 h to reduce surface moisture 

and improve coating stability. Similar coating procedures have 

been widely used for the incorporation of probiotic 

microorganisms into aquaculture feeds [12]. After drying, the 

feed was packed in airtight polyethylene bags and stored at 

4 ℃ until use. To minimize potential losses in microbial 

viability during storage, fresh batches of supplemented feed 

were prepared weekly throughout the 28-day experimental 

period and used within seven days of preparation. Drying was 

performed at ambient temperature rather than elevated 

temperatures to minimize thermal damage to viable 

microorganisms [13]. Refrigerated storage has been 

commonly recommended to maintain feed quality and 

microbial viability in probiotic-supplemented diets [14]. 

A commercial catfish feed (Hi-Pro-Vite 781-1, PT Central 

Proteina Prima, Indonesia) containing 31% crude protein 

according to the manufacturer's specification was used as the 

basal diet. Detailed proximate composition data (crude lipid, 

crude fiber, ash, moisture, and gross energy) were not 

provided by the manufacturer and were not independently 

analyzed in the present study. Therefore, only the crude 

protein content could be reported. All treatments received the 

same commercial basal diet, and the only difference among 

treatments was the level of kombucha supplementation (0, 4, 

8, and 16 mL/kg feed). Because the quantity of kombucha and 

binder represented a small proportion of total feed mass, the 

nutritional composition of the basal diet was assumed to 

remain substantially comparable among treatments. 
 

2.5 Enumeration of kombucha bacteria 
 

The bacterial density of kombucha preparations was 

determined using the TPC method. Samples were serially 

diluted and inoculated on Tryptic Soy Agar (TSA) media using 

a spread plate technique. Plates were incubated at 28–30 ℃ 

for 24–48 h, and colonies ranging from 25–250 were counted. 

Total bacterial density was expressed as colony-forming units 

per milliliter (CFU/mL). 
 

2.6 Growth performance and survival measurements 
 

Fish sampling was conducted on days 0, 7, 14, 21, and 28. 

Body weight and total length measurements were performed 

to evaluate growth performance. Parameters observed 

included GR, SGR, FCR, absolute weight gain (AWG), 

absolute length gain (ALG), and survival rate (SR). 

GR was calculated as: 

 

0tW W
GR

t

−
=  (1) 

 

where, Wt is the final weight (g), W0 is the initial weight (g), 

and t is the experimental duration (days). 

AWG was calculated as: 

 

𝐴𝑊𝐺 = 𝑊𝑡 −𝑊0 (2) 

 

where, Wt is the final body weight (g), and W0 is the initial 

body weight (g). 

ALG was calculated as: 

 

𝐴𝐿𝐺 = 𝐿𝑡 − 𝐿0 (3) 

 

where, Lt is final total length (cm), and L0 is initial total length 

(cm). 

FCR was calculated as: 

 

0t

F
FCR

W W
=

−
 (4) 

 

where, F is the feed intake during the culture period. FCR was 

calculated using the total amount of feed offered during the 

experimental period. Feed was consumed rapidly after 

feeding, and no substantial feed residues were observed. 

Uneaten feed was therefore not quantified. 

SR was determined as: 
 

0

100tN
SR

N
=   (5) 

 

where, Nt and N0 represent final and initial fish numbers, 

respectively. 

AWG and ALG were calculated as the differences between 

final and initial values. 

 

2.7 Water quality monitoring 

 

Water quality parameters, including temperature, pH, and 

dissolved oxygen (DO), were measured daily, while ammonia 

concentration was monitored every four days before siphoning 

activities. Partial water replacement was conducted every four 

days by removing approximately one-fourth of the water 

volume and replacing it with conditioned freshwater. 

 

2.8 Statistical analysis 

 

Data are presented as mean ± standard deviation (SD). 

Before analysis, data were tested for normality using the 

Shapiro–Wilk test and for homogeneity of variance using 

Levene's test. Data that satisfied the assumptions of normality 

and homogeneity (p > 0.05) were subsequently analyzed using 

one-way analysis of variance (ANOVA). When significant 

treatment effects were detected (p < 0.05), means were 

compared using the Least Significant Difference (LSD) 

multiple comparison test. All statistical analyses were 

2013



 

performed using IBM SPSS Statistics version 25.0. 

 

2.9 Animal welfare statement 

 

Fish handling and husbandry procedures were conducted in 

accordance with standard aquaculture practices to minimize 

stress and injury throughout the experimental period. During 

sampling, fish were handled carefully, and measurements were 

completed as quickly as possible before the fish were returned 

to their respective culture containers. No invasive procedures 

were performed during the study, and no anesthetic agents 

were used. Mortality was monitored daily, and all efforts were 

made to maintain suitable environmental conditions and fish 

welfare throughout the experiment. 

3. RESULTS AND DISCUSSION 

 

3.1 Effects of kombucha supplementation on growth 

performance, feed utilization, and survival of fish 

 

The effects of dietary kombucha supplementation on 

growth performance, feed utilization, and survival of fish are 

presented in Table 1. Statistical analysis demonstrated that 

supplementation significantly affected GR, SGR, FCR, AWG, 

and ALG (p < 0.05). However, no significant effect was 

observed on SR (p > 0.05). A dose-dependent response pattern 

was observed, where increasing kombucha supplementation 

levels progressively improved growth performance and feed 

utilization. 

 

Table 1. Effects of kombucha supplementation on growth performance, feed utilization, and survival of fish 

 

Parameter Control 
A 

(4 mL/kg) 

B 

(8 mL/kg) 

C 

(16 mL/kg) 
p-Value 

Growth Rate (GR, g day⁻¹) 0.223 ± 0.007ᵃ 0.231 ± 0.003ᵃ 0.296 ± 0.013ᵇ 0.412 ± 0.022ᶜ 0.003 

Specific Growth Rate (SGR, % day⁻¹) 2.052 ± 0.068ᵃ 2.116 ± 0.012ᵃ 2.551 ± 0.091ᵇ 3.141 ± 0.133ᶜ 0.002 

Feed Conversion Ratio (FCR) 2.466 ± 0.347ᵃ 2.401 ± 0.182ᵃ 1.954 ± 0.224ᵇ 1.447 ± 0.175ᶜ 0.001 

Absolute Weight Gain (AWG, g) 6.234 ± 0.197ᵃ 6.467 ± 0.093ᵃ 8.300 ± 0.367ᵇ 11.530 ± 0.609ᶜ 0.004 

Absolute Length Gain (ALG, cm) 2.70 ± 0.10ᵃ 2.80 ± 0.10ᵃ 3.28 ± 0.153ᵇ 3.93 ± 0.252ᶜ 0.006 

Survival Rate (SR, %) 94.44 ± 4.88 94.44 ± 4.88 94.44 ± 4.88 97.22 ± 4.88  
Note: Values are presented as mean ± standard deviation (SD) (n = 3). Different superscript letters within the same row indicate significant differences among 

treatments according to the Least Significant Difference (LSD) test (p < 0.05). The p-values represent results from one-way analysis of variance (ANOVA). 

 

Prior to statistical analysis, normality and homogeneity of 

variance were evaluated using the Shapiro–Wilk and Levene's 

tests, respectively. The results of these assumption tests are 

presented in Appendix A (Table A1). All growth and feed 

utilization variables satisfied the assumptions for parametric 

analysis or exhibited only minor deviations considered 

acceptable for a balanced experimental design. Accordingly, 

treatment effects on growth performance and feed utilization 

were analyzed using one-way ANOVA followed by Fisher's 

LSD test at a significance level of p < 0.05. Survival rate was 

interpreted descriptively because values showed minimal 

variation among treatments. 

GR increased significantly with increasing kombucha 

dosage. Fish receiving treatment C (16 mL/kg feed) exhibited 

the highest GR value (0.412 ± 0.022 g day⁻¹), significantly 

different from treatment B (0.296 ± 0.013 g day⁻¹), treatment 

A (0.231 ± 0.003 g day⁻¹), and the control treatment (0.223 ± 

0.007 g day⁻¹). Compared with the control treatment, GR in 

treatment C increased by approximately 84.8%. Treatments A 

and the control did not differ significantly, while treatment B 

produced intermediate values. 

A similar trend was observed for SGR values. Fish fed 

treatment C exhibited the highest SGR (3.141 ± 0.133% 

day⁻¹), followed by treatment B (2.551 ± 0.091% day⁻¹). The 

control and treatment A showed significantly lower values and 

were statistically similar. Compared with the control group, 

treatment C increased SGR by approximately 53.1%, 

indicating enhanced growth efficiency under higher 

supplementation levels. 

Feed utilization efficiency improved as the kombucha 

dosage increased. Treatment C produced the lowest FCR value 

(1.447 ± 0.175), significantly lower than treatment B (1.954 ± 

0.224), treatment A (2.401 ± 0.182), and the control (2.466 ± 

0.347). Compared with the control treatment, FCR in 

treatment C decreased by approximately 41.3%, indicating a 

substantial improvement in feed efficiency. Statistical 

grouping showed that treatment A and the control remained 

similar, while treatments B and C displayed progressively 

improved responses. 

Fish receiving treatment C achieved the highest AWG 

(11.530 ± 0.609 g), significantly greater than treatment B 

(8.300 ± 0.367 g), treatment A (6.467 ± 0.093 g), and the 

control treatment (6.234 ± 0.197 g). Relative to the control, 

AWG increased by approximately 84.9%. ALG also increased 

significantly and reached the highest value in treatment C 

(3.93 ± 0.252 cm), representing an increase of approximately 

45.6% compared with the control treatment. Treatment B 

produced intermediate values, whereas treatment A and the 

control treatment remained statistically similar. 

SR remained unaffected by dietary supplementation and 

ranged between 94.44 ± 4.88% and 97.22 ± 4.88%. Statistical 

analysis revealed no significant differences among treatments 

(p > 0.05). Survival values remained consistently high (>94%) 

throughout the experimental period, indicating favorable 

rearing conditions and suggesting that kombucha 

supplementation did not adversely affect fish viability. 

 

3.2 Water quality parameters 

 

Water quality parameters recorded during the experimental 

period are presented in Table 2. Mean values of temperature, 

pH, DO, and ammonia were generally comparable among 

treatments, indicating that dietary kombucha supplementation 

did not substantially alter water quality conditions. 

Water quality parameters recorded during the 28-day 

feeding trial are presented in Table 2. One-way ANOVA 

revealed no significant differences among treatments in 

temperature (p = 0.670), pH (p = 0.180), DO (p = 0.630), or 

ammonia concentration (p = 0.570). These findings indicate 

that environmental conditions remained comparable among 

treatments throughout the experimental period. Temperature 

ranged from 28.1 to 30.2 ℃, DO remained above 6 mg L⁻¹, 

and ammonia concentrations remained below 1 mg L⁻¹, which 

are within acceptable ranges for Clarias sp. culture. 
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Table 2. Water quality parameters during the experimental period 

 
Parameter Control A (4 mL/kg) B (8 mL/kg) C (16 mL/kg) p-Value 

Temperature, morning (℃) 28.4 ± 0.97 28.3 ± 1.06 28.1 ± 0.99 28.1 ± 2.99 0.670 

Temperature, afternoon (℃) 30.2 ± 1.44 30.0 ± 1.43 29.8 ± 1.47 30.1 ± 1.40 0.670 

pH, morning 8.8 ± 0.40 8.6 ± 0.49 8.5 ± 0.48 8.2 ± 0.44 0.180 

pH, afternoon 8.5 ± 0.49 8.4 ± 0.53 8.4 ± 0.48 8.1 ± 0.42 0.180 

Dissolved oxygen (DO), morning (mg L⁻¹) 7.2 ± 0.59 7.4 ± 0.56 7.3 ± 0.45 7.3 ± 0.58 0.630 

Dissolved oxygen (DO), afternoon (mg L⁻¹) 6.2 ± 0.57 6.2 ± 0.52 6.2 ± 0.52 6.1 ± 0.63 0.630 

Ammonia (mg L⁻¹) 0.42 ± 0.33 0.44 ± 0.30 0.44 ± 0.29 0.42 ± 0.27 0.570 
Note: Values are expressed as mean ± standard deviation (SD). p-values were obtained using one-way analysis of variance (ANOVA) based on aquarium means 

(n = 3 per treatment). No significant differences among treatments were detected (p > 0.05). 

 

Dietary kombucha supplementation increased GR and SGR 

in Clarias sp. The highest values occurred in fish receiving 16 

mL/kg supplementation. The response suggests improved 

nutrient utilization during the culture period. Probiotic 

microorganisms in kombucha can modify intestinal microbial 

composition and support a more stable microbial environment 

in the digestive tract [15]. A balanced intestinal microbiota can 

support digestive processes and reduce microbial competition 

for nutrients in the gut lumen [16]. 

The fermented kombucha used in the present study was 

characterized by the presence of acetic acid bacteria 

presumptively identified as members of the genus 

Komagataeibacter, which are known to contribute to organic 

acid production during kombucha fermentation. However, 

microbial community composition, yeast abundance, and 

fermentation metabolites were not quantified; therefore, the 

underlying mechanisms responsible for the observed growth 

responses require further investigation. Previous studies have 

reported that probiotic microorganisms can produce 

metabolites and extracellular compounds that contribute to 

digestive processes [9, 17]. Probiotic supplementation has also 

been associated with increased digestive enzyme activity and 

improved feed degradation efficiency in fish, resulting in 

greater nutrient availability for growth and tissue formation 

[18, 19]. Although these mechanisms have contributed to the 

improved growth observed in the present study, digestive 

enzyme activity was not measured; therefore, such 

interpretations should be considered speculative and require 

further validation. 

Growth responses can also relate to intestinal absorption 

efficiency. Probiotic supplementation has been reported to 

improve intestinal structure and nutrient absorption in some 

fish species [20]. Greater villi development and improved gut 

morphology can increase nutrient uptake efficiency and 

support biomass accumulation [21]. Efficient nutrient 

absorption can contribute to higher GR and SGR values during 

the rearing period. Intestinal morphology was not evaluated in 

the present study.  

The gradual increase in GR and SGR across treatments 

indicates a dose-dependent response under the tested 

supplementation range. Treatment C produced the highest 

growth values without a reduction in performance. The tested 

supplementation levels remained within a range that supported 

fish growth and physiological function during the 

experimental period. 

Dietary kombucha supplementation reduced FCR in Clarias 

sp. Fish receiving 16 mL/kg supplementation produced the 

lowest FCR value. Lower FCR values indicate more efficient 

feed utilization and improved conversion of nutrients into 

body mass. The response suggests that kombucha 

supplementation affected digestive performance and nutrient 

use efficiency during the culture period. 

Probiotic microorganisms in kombucha can improve 

digestion efficiency through microbial activity in the 

gastrointestinal tract. Beneficial microorganisms can produce 

digestive enzymes and support enzymatic processes involved 

in nutrient breakdown [22, 23]. Improved digestion can 

increase nutrient availability and reduce nutrient loss during 

feed utilization [24]. Higher digestive efficiency can improve 

feed conversion performance in cultured fish. 

Kombucha fermentation produces organic acids such as 

acetic acid and other metabolites. Organic acids can reduce 

gastrointestinal pH and create favourable conditions for 

beneficial microbial populations in the digestive system [25]. 

Lower intestinal pH can limit the growth of undesirable 

microorganisms and support digestive activity in fish. 

Beneficial microorganisms can also suppress pathogenic 

bacteria through microbial competition and production of 

antimicrobial compounds [26, 27]. Reduced abundance of 

harmful microorganisms can improve intestinal health and 

decrease metabolic costs associated with physiological stress 

responses [28]. Stable intestinal conditions can support more 

effective nutrient utilization and feed conversion. 

Nutrient assimilation efficiency can influence FCR values 

during fish culture. Probiotic supplementation can increase 

nutrient uptake and retention in the digestive tract [29]. 

Greater nutrient assimilation can increase biomass production 

from a given amount of feed intake [30]. The progressive 

reduction in FCR across treatments indicates that higher 

supplementation levels supported feed utilization within the 

tested dosage range. 

The reduction in FCR observed in kombucha-supplemented 

treatments has implications beyond growth performance. 

Lower FCR values indicate that less feed is required to 

produce a unit of fish biomass, potentially reducing feed 

resource consumption, production costs, and nutrient waste 

release into aquatic environments. Improved feed efficiency, 

therefore, contributes to more sustainable aquaculture 

practices. 

AWG and ALG increased with dietary kombucha 

supplementation in Clarias sp. Fish receiving 16 mL/kg 

supplementation produced the highest values for both 

parameters. Absolute growth reflects cumulative nutrient 

utilization and tissue deposition during the culture period. 

Growth in body weight and length depends on the availability 

of nutrients for protein synthesis, cell proliferation, and 

somatic development [31]. 

Improved absolute growth can relate to enhanced digestive 

and metabolic performance in fish receiving probiotic 

supplementation. Efficient digestion can increase nutrient 

availability for growth processes and reduce nutrient loss 

through waste products [32]. Greater nutrient availability can 

support protein accretion and tissue formation during fish 

development. Increased nutrient retention can contribute to 
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body mass accumulation and structural growth in cultured fish. 

Kombucha contains microbial populations and fermentation 

metabolites that support physiological processes related to 

growth. Metabolites produced by Komagataeibacter, lactic 

acid bacteria, and yeast can influence intestinal conditions and 

nutrient processing in the digestive tract. Improved nutrient 

utilization can support continuous body development during 

the culture period. Body length and body weight often increase 

simultaneously when nutrient allocation supports normal 

growth patterns. 

SR did not differ significantly among treatments. Survival 

values remained above 94% throughout the experimental 

period. High survival values indicate that rearing conditions 

remained suitable for Clarias sp. culture. Water quality 

conditions and husbandry practices can influence fish survival 

during cultivation. Stable environmental conditions can 

reduce physiological stress and support fish health during 

rearing. 

Kombucha supplementation did not produce negative 

effects on fish viability during the study period. Probiotic 

supplementation supports physiological balance and maintains 

normal biological functions in fish. The absence of mortality 

differences among treatments suggests that supplementation 

levels remained within a tolerable range for Clarias sp. 

culture. 

The growth response across treatments showed a gradual 

increase with increasing supplementation levels. Treatment C 

produced the highest growth performance and feed utilization 

values among the tested groups. The response pattern indicates 

a positive dose-dependent effect within the evaluated 

supplementation range. Higher supplementation levels did not 

reduce performance under the present experimental 

conditions. The tested dosage range supported growth and 

physiological function during the culture period. 

Water quality parameters remained within acceptable 

ranges for Clarias sp. culture throughout the experimental 

period. Stable environmental conditions can support 

physiological processes, feeding activity, and normal fish 

metabolism. Suitable water conditions can reduce 

environmental stress and maintain favourable culture 

conditions during rearing. 

Temperature, pH, DO, and ammonia concentrations can 

influence growth and feed utilization in fish culture systems. 

Temperature affects metabolic activity and nutrient utilization 

efficiency in fish. DO supports respiration and energy 

production required for growth processes. pH can influence 

physiological regulation and microbial conditions in aquatic 

environments. Ammonia accumulation can impair 

physiological performance and reduce fish growth when 

concentrations exceed tolerance limits. 

The absence of significant mortality and the consistently 

high survival values suggest that environmental conditions 

remained suitable throughout the culture period. Water quality 

conditions likely minimized external stress factors during fish 

maintenance. Growth responses observed in the present study, 

therefore, relate primarily to dietary supplementation rather 

than environmental variation among treatments. 

Growth and feed utilization responses showed a gradual 

increase across supplementation levels. Fish receiving 16 

mL/kg kombucha supplementation produced the highest GR, 

SGR, absolute growth, and feed utilization values. The 

response pattern indicates a dose-dependent relationship 

within the tested supplementation range. Increasing 

supplementation levels has increased the availability of 

beneficial microorganisms and fermentation metabolites in the 

diet. 

Dose-dependent responses can occur when microbial 

supplementation changes digestive and physiological activity 

in the gastrointestinal tract. Greater microbial abundance can 

influence nutrient processing, microbial balance, and digestive 

function in fish. Increased concentrations of probiotic 

microorganisms can support microbial colonization and 

prolong beneficial activity in the intestine. 

Lower supplementation levels in treatments A and B 

produced intermediate responses. The amount of microbial 

supplementation did not reach a level sufficient to maximize 

physiological responses related to digestion and nutrient 

utilization. Biological responses to probiotic supplementation 

often depend on concentration, exposure duration, and host 

condition. 

The present study focused primarily on growth performance 

and feed utilization responses. Measurements of digestive 

enzyme activity, intestinal microbiota composition, gut 

histomorphology, and immune indicators were not conducted. 

Consequently, the mechanisms underlying the observed 

growth enhancement remain speculative and require 

validation in future studies. 

No reduction in growth performance was observed at the 

highest tested dosage. The absence of negative responses 

suggests that 16 mL/kg remained within a tolerable range for 

Clarias sp. culture under the present conditions. The evaluated 

supplementation range supported fish growth and feed 

utilization throughout the culture period. The present findings 

indicate an effective response range rather than an optimal 

dose because supplementation levels above 16 mL/kg were not 

evaluated. 

 

 

4. CONCLUSION 

 

Dietary kombucha supplementation significantly affected 

the growth performance and feed utilization of Clarias sp. 

Kombucha supplementation increased GR, SGR, AWG, and 

ALG while reducing FCR. Fish receiving 16 mL/kg 

supplementation produced the highest performance among the 

evaluated treatments, with GR of 0.412 ± 0.022 g day⁻¹, SGR 

of 3.141 ± 0.133 % day⁻¹, FCR of 1.447 ± 0.175, AWG of 

11.530 ± 0.609 g, and ALG of 3.93 ± 0.252 cm. SR remained 

above 94% and did not differ significantly among treatments. 

The findings indicate that dietary kombucha supplementation 

improved the growth and feed utilization efficiency of Clarias 

sp. under the present experimental conditions. The 16 mL/kg 

treatment generated the best response among the 

supplementation levels evaluated. Further studies using higher 

supplementation levels and longer culture periods are required 

to determine the optimal dosage and long-term effects. A 

limitation of the present study is that the complete proximate 

and energy composition of the commercial feed was 

unavailable because only the crude protein content (31%) was 

provided by the manufacturer. Consequently, potential 

interactions between dietary nutrient composition and 

kombucha supplementation could not be evaluated. Future 

studies should employ fully characterized or formulated 

experimental diets to allow more precise assessment of 

nutritional and probiotic effects. 
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NOMENCLATURE 

 

ANOVA Analysis of variance 

AWG Absolute weight gain, g 

BW Body weight, g 

CFU Colony-forming units 

DO Dissolved oxygen, mg L⁻¹ 

FCR Feed conversion ratio 

FW Final weight, g 

GR Growth rate, g day⁻¹ 

LSD Least Significant Difference 

MR-VP Methyl Red-Voges Proskauer test 

SCOBY Symbiotic Culture of Bacteria and Yeast 

SD Standard deviation 

SGR Specific growth rate, % day⁻¹ 

SIM Sulfide-Indole-Motility test 

SR Survival rate, % 

TPC Total plate count 

TSIA Triple Sugar Iron Agar 

 

Greek symbols 

 

℃ Degree Celsius 

± Plus–minus variation 

% Percentage 

 

 

APPENDIX 

 

Table A1. Results of normality and homogeneity tests for response variables prior to one-way analysis of variance (ANOVA) 

 

Response Variable Shapiro–Wilk Test 
Levene's Test (p-

Value) 
Statistical Analysis 

Growth Rate (GR) 
All treatment groups normally distributed (all 

p > 0.05) 
0.087 

One-way ANOVA + Fisher's 

LSD 

Specific Growth Rate 

(SGR) 

All treatment groups normally distributed (all 

p > 0.05) 
0.041 

One-way ANOVA + Fisher's 

LSD¹ 

Feed Conversion Ratio All treatment groups normally distributed (all 0.628 One-way ANOVA + Fisher's 
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(FCR) p > 0.05) LSD 

Absolute Weight Gain 

(AWG) 

All treatment groups normally distributed (all 

p > 0.05) 
0.079 

One-way ANOVA + Fisher's 

LSD 

Absolute Length Gain 

(ALG) 

All treatment groups normally distributed (all 

p > 0.05) 
0.368 

One-way ANOVA + Fisher's 

LSD 

Survival Rate (SR) Normality assumption not satisfied (p < 0.001) 1.000 Descriptive comparison² 
Notes: 1 Although Levene's test indicated a slight deviation from homogeneity of variance for SGR (p = 0.041), one-way ANOVA was retained because the 

experimental design was balanced with equal sample sizes (n = 3 per treatment), making the analysis relatively robust to minor violations of homogeneity. 2 

Survival rate values remained consistently high (>94%) with minimal variation among treatments; therefore, they were interpreted descriptively. No apparent 
treatment differences were observed. LSD = Least Significant Difference. 
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