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Abstract 

This study aimed to evaluate the effects of a high carbohydrate diet (HC) 

alone and HC supplemented with benfotiamine (HCB), a human anti-diabetic 

supplement, on the growth performance of Nile tilapia fry, Oreochromis 

niloticus. A total of 180 Nile tilapia fry (AWB=0.01g) were randomly 

distributed to 9 tanks and fed one of three experimental diets, namely, a 

control diet containing 15% carbohydrate; high carbohydrate diet (HC) 

containing 25% carbohydrate; and high carbohydrate diet (25%) 

supplemented with 0.02% benfotiamine (HCB) for 8 weeks. Increasing corn 

starch in the diet from 15% (i.e. control diet) to 25% (i.e. HC diet) did not 

have any effect on the growth performance nor feed efficiency of the Nile 

tilapia. In contrast, Nile tilapia fed the HCB diet exhibited significantly the 

highest final average body weight, weight gain, specific growth rate, feed 

intake and whole-body lipid content and the most efficient FCR among the 

treatments. Results of the attractability tests showed that the HCB diet 

significantly attracted the most percentage of fish. In conclusion, the findings 

indicated that the Nile tilapia efficiently utilized an increase of carbohydrate 

from 15% to 25% and that dietary benfotiamine significantly increased the 

utilization of this diet, enhancing further its growth performance and feed 

utilization; benfotiamine also increased the attractability of the diet. 
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Introduction 

Carbohydrates are considered to be the most economical and excellent dietary energy 

source of fish due to their abundance and relatively low cost. Inclusion of carbohydrates 

in fish diets may not only enhance growth performance, but also provide metabolic 

intermediates for the synthesis of various biological compounds. Optimal inclusion in the 

diet could spare dietary protein as a source of energy subsequently channeled to growth. 

Furthermore, addition of carbohydrates in the diet results in the decrease of ammonia 

emission into the environment (Wilson, 1994; Kamalam et al. 2017; Hemre et al. 2002; 

Watanabe, 2003). However, fish have limited capacity to utilize dietary carbohydrates for 

energy purposes (Shiau, 1997; Polakof et al. 2012). Fish are considered diabetic as 

displayed by prolonged postprandial hyperglycemia after consuming diets containing high 

levels of carbohydrates (Moon, 2001); the underlying mechanisms of this observation are 

still poorly understood. 

 Thiamine plays a key role in cellular energy metabolism as it helps in the process of 

converting carbohydrates into energy (Balakumar et al. 2010). Benfotiamine, its analog, 

is a pro-vitamin B1 and a lipid-soluble derivative of thiamine having much higher 

absorption and bioavailability, at least five times greater plasma concentration, than the 

water-soluble form (Schreeb et al. 1997; Xie et al. 2014; Portari et al. 2013). It is 

considered as an anti-diabetic drug that once absorbed leads to significant increase in the 

thiamine, thiamine monophosphate, and thiamine diphosphate or thiamine 

pyrophosphate (TPP) levels in the blood and liver (Balakumar et al. 2010), in which, the 

latter is the active form of thiamine and considered crucial in intermediary metabolism of 

carbohydrates (Fattal-Valevski 2010). In mammals, pro-vitamin B1 stimulates glucose 

uptake by enhancing the glycolytic and glycogenetic capabilities, increasing mitochondrial 

glucose oxidation, promoting insulin synthesis, enhancing insulin-stimulated glucose 

disposal, and increasing the activity of GLUT-2, a glucose transporter (Seh-Hoon et al. 

2009; Chung et al. 2014; Fraser et al. 2012). In aquatic animals, information regarding 

the beneficial effects of benfotiamine is extremely scarce. 

 Studies on the evaluation on the effects of benfotiamine on the growth performance 

in fish are very limited. The only work that evaluated benfotiamine in fish was on blunt 

snout bream (Megalobrama amblycephala) (Xu et al. 2017). Their results showed that 

fish fed a high carbohydrate diet supplemented with benfotiamine had higher protein 

efficiency ratio, nitrogen efficiency ratio and energy retention efficiency. In addition, fish 

showed relatively high values of whole-body lipid contents, tissue glycogen and lipid 

contents.  

 The present study aimed to investigate whether or not high carbohydrate diet is 

deleterious to the Nile tilapia, and whether supplementation of benfotiamine to this high 

carbohydrate diet could remedy or improve the growth performance of the Nile tilapia. 

      

Materials and Methods 

The experiments were conducted at the laboratory of the National Institute of Molecular 

Biology and Biotechnology (NIMBB), University of the Philippines Visayas, Miagao, Iloilo, 

Philippines. 

 Experimental fish 

 Healthy Nile tilapia fry (average body weight of 0.01g) were procured from the tilapia 

hatchery of Southeast Asian Fisheries Development Center, Aquaculture Department 

(SEAFDEC-AQD), Tigbauan, Iloilo, Philippines. The fry were brought to the laboratory of 

NIMBB, acclimatized and fed a control diet prior to the growth feeding trial.  

 Diet preparation 

 Three diets were formulated; the first diet contained 15% carbohydrate and served as 

the control, the second contained 25% carbohydrate (HC) and the third contained 25%  

carbohydrate with 0.02% dietary benfotiamine incorporation (HCB); 

carboxymethylcellulose (CMC) was used for the adjustments in the amounts of corn 

starch and benfotiamine in the experimental diets. The composition of the diets is 

presented in Table 1.  

Table 1. Composition of experimental diets fed to Nile tilapia fry. 
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  Diets (% composition) 

Feed 

ingredients 
Control HC HCB 

Peruvian fish 

meal 

20.00 20.00 20.00 
Soybean 

meal 

27.00 27.00 27.00 
Shrimp meal 18.00 18.00 18.00 
Cornstarch 15.00 25.00 25.00 
Fish oil 2.00 2.00 2.00 
Soybean oil 2.00 2.00 2.00 
Vitamin mix 2.00 1.50 1.50 
Mineral mix 2.00 1.50 1.50 
CMC 12.00 3.00 2.98 
Benfotiamine 0.00 0.00 0.02 
TOTAL 100.00 100.00 100.00 

 

  

Proximate Analysis 
Moisture                10.08        13.73         11.99 

 Crude protein         44.08        44.60         42.84 
Crude lipid               3.89          3.29           3.97 
Crude ash              11.26          9.80         10.08  
Crude fiber              2.94          2.36           1.88 
Energy (kcal/kg)   322.33       312.89       324.05 
HC: high carbohydrate; HCB: high carbohydrate supplemented with benfotiamine 

                                 

 Feeding Trial 

 A total of 180 Nile tilapia fry (ABW 0.01g) were randomly distributed into 9 x 50L 

plastic containers filled with 40L freshwater (salinity of 5 parts per thousand, o/oo) at a 

density of 20 fry/tank in a closed water recirculating system for 8 weeks and provided 

with continuous supply of aeration. The recirculating system consisted of three filters in 

different containers, namely, a fiber pad layer that filtered water coming from all 

experimental containers leading to a reservoir; water from the reservoir is pumped to a 

higher container of gravel and sand as another physical filter and allowed to pass through 

a biological filter composed of disinfected dead oyster shells by gravity; water from the 

biological filter is distributed again to the experimental containers.  

 Groups of fish from 3 randomly assigned tanks were fed with one of the 3 dietary 

treatments. Feeding was apparent ad libitum wherein the amount of feed to reach 

satiation was measured every first day of the week and was used as basis of the feeding 

rate for the next 7 days; this measurement was done repeatedly every week until the 

termination of the experiment. Feed was given 3 times daily at 0800h, 1100h and 1500h. 

Uneaten feeds and feces were siphoned off every morning before feeding, and in the 

afternoon before the last feeding of the day. About 30% of the total water volume of the 

recirculating system was changed twice a week. Water temperature, pH and salinity were 

measured daily while nitrite and ammonia were monitored once a week. Sampling was 

done every 15th day by bulk weighing of the fish per container. At the end of the feeding 

trial, samples were oven-dried at 80oC for 24 h, homogenized and analyzed for proximate 

analyses (AOAC, 2000). 

 Response Parameters 

 Weight gain (WG), Specific Growth Rate (SGR), Feed Conversion Ratio (FCR) and % 

Survival rate were calculated as follows: 

 Weight Gain (g)= Final ABW- Initial ABW 

Specific Growth Rate = [Ln(Final ABW in g) – Ln(Initial ABW in g)]/(No. of days)*100 

Feed Conversion ratio = (Total Feed Intake)/(Weight Gain) 

Survival Rate (%) = (Total no. of live tilapia)/(Total no. of tilapia stocked) x 100 

 Statistical Analyses 

 Growth performance of Nile tilapia in different experimental groups were compared by 

One-way ANOVA (p<0.05), using the SPSS statistical package version 16.0. Data is 

presented as mean + standard error mean (SEM) where each parameter was tested for 

normality of distribution and homogeneity of variances before performing ANOVA. Post-
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hoc analyses were done using Duncan’s Multiple Range Test (DMRT) to identify 

differences between the independent factors. 

 Assessment of attractability of the three diets 

 Three rectangular glass tanks with multiple chambers were used to assess the 

attractability of the diets for Nile tilapia (Suresh et al. 2011). Each tank which measured 

90cm x 30cm x 30cm in length, width and height, respectively, was divided into three 

major chambers: acclimatization chamber, middle chamber and feeding chamber. A 

removable glass shutter separated the acclimatization and middle chambers. The feeding 

chamber was divided into three sub-chambers and each sub-chamber had an opening to 

allow free access of tilapia to experimental feeds that were placed in each chamber. 

 Six tests were done to assess attractability of the diets for 2 days with 3 simultaneous 

tests a day commencing at 0900h. Each tank was filled with 40L freshwater (5 parts per 

thousand, o/oo) and the tanks were set up in a closed room that received artificial light. 

Twenty Nile tilapia (ABW= 2g) were randomly stocked in the acclimatization chamber 

and acclimatized for 1 h. 3 g of each diet was randomly placed in each of the 3 

chambers. The shutter was removed 3 min after feed placement to allow access of tilapia 

to feeds. Feed preference was quantified by counting the number of tilapia in the feeding 

chamber at 1, 5, 10 min following the raising of the shutter. Percentage of tilapia per 

feeding chamber at different time intervals was calculated. 

 

Results 

Growth performance, feed efficiency and percent survival of O. niloticus fed the test diets 

for 60 days are presented in Table 2. Comparison of the response of the control group 

and that of the high carbohydrate group showed that increasing the dietary corn starch 

from 15% to 25% did not affect the growth and feed efficiency of the Nile tilapia. In 

contrast, benfotiamine supplementation resulted in significantly higher final average body 

weight (FABW), weight gain (WG), and specific growth rate (SGR). HCB also exhibited 

significantly better feed utilization than those fed the HC diet. No significant differences 

in survival rates among the three test groups were observed. 

 
Table 2. Growth parameters, feed efficiency and survival of Nile tilapia fed the experimental diets. 
Mean values + SEM (standard error of the mean). 

Diet           IABW (g)      FABW                       WG             FI                  SGR                    FCR                       Survival 
       (g)                   (g)                (g)             ( %bw day -1) 

Control        0.01 1.33+0.08b        1.32+0.08b       2.57+0.15b       8.14+ 0.01b        1.96+0.02a           86.67+0.01a 

HC              0.01   1.23+0.03b        1.22+0.03b       2.42+0.49b       8.02+ 0.00b         1.99+0.00a   83.33+0.01a 

HCB            0.01 2.07+0.15a        2.06+0.22a       3.51+0.12a        8.88+ 0.01a        1.71+0.08b   90.00+0.01a 

Superscripts indicate significant differences between diets (p<0.05). Values are mean + SEM. IABW, initial average 
body eight; FABW, final average body weight; WG, weight gain; TIFI, total individual feed intake; SGR, specific growth 
rate; FCR, feed conversion ratio; Surv, % survival; HC, high carbohydrate; HCB, high carbohydrate with benfotiamine. 

  

The whole-body composition of Nile tilapia fed the experimental diets is presented in 

table 3. Tilapia receiving the HCB diet significantly exhibited the highest whole-body lipid 

content than that of the other groups. However, the HC group had significantly showed 

the highest whole-body protein content. 

Table 3. Whole body composition (% wet weight) of Nile tilapia fed the different experimental diets. 
Mean values + SEM (standard error of the mean). 

   Diet                        %Moisture            % Ash                %Crude Lipid           % Crude protein  

Control                 10.08%+0.01b        14.80%+0.00a           6.45%+0.04b         68.95%+0.02b     

HC                       13.73%+0.00a           14.69%+0.00a           8.13%+0.07b         70.67%+0.00a   

HCB                       7.99%+0.00c           12.55%+0.00b         12.14%+0.07a         66.34%+0.00c    

Superscripts indicate significant differences between diets (p<0.05). Values are mean + SEM. HC, high carbohydrate; HCB, 
high carbohydrate with benfotiamine. 

 

 Results on the assessment of attractability of the experimental diets to the fish are 

presented in Table 4. The data showed that a significant percentage of fish were 
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attracted to the HCB diet throughout the test period. At 10 min, the percentage of the 

fish at the chamber where HCB was put increased further. 

Table 4. Attractability of Nile tilapia to the experimental diets. 

 Number of fish (%) 

Diet   1 min       5 min     10 min 

Control 10.83 + 0.29b  19.17 + 0.56b   8.33 + 0.13b  

HC   7.50 + 0.07c  14.16 + 0.48b  3.33 + 0.10b  

HCB 22.50 + 0.06a  28.33 + 0.39a 34.17 + 0.78a  

Means in the same column with different superscripts indicate differences between diets (p<0.05). HC=high 
carbohydrate diet; HCB=high carbohydrate with benfotiamine. 

 

Discussion 

Fish have poor ability in utilizing carbohydrates and utilization varies among species 

(Wilson, 1994). Consumption of high carbohydrate diets causes deleterious effects on 

fish such as reduced growth rate often coupled with poor feed utilization and stress which 

later leads to immunosuppression (Hemre et al., 2002; Zhou et al. 2013) and to high 

rates of mortality. In this study, the % survival for all fish groups were above 80%. The 

high survival rate observed among fish fed diets containing high dietary carbohydrates in 

the present study was in agreement with a previous observation that tilapia can utilize 

carbohydrates at even higher levels (Wilson, 1994). Increasing the level of corn starch 

from 15% to 25% did not significantly affect the growth performance and feed utilization 

of the Nile tilapia. A study found that juvenile and adult Nile tilapia were able to utilize 

high carbohydrate diet (Boonanuntanasarn et al. 2018). In this study, the best growth 

performance was exhibited by tilapia fed with 30% carbohydrates compared to those fed 

carbohydrate-free and 50% carbohydrate diets. They have observed that the increase in 

hepatic and muscle glycogen, hepatic somatic index, and plasma metabolites were 

connected to the increase in dietary carbohydrates whereas no hyperglycemia and no 

changes in the body compositions were observed in fish fed 50% dextrin. These findings 

indicated that dietary carbohydrates were efficiently utilized as energy sources. The level 

of dietary protein (42-45%) in the present study could have supported the growth of the 

Nile tilapia fry which exhibited an SGR of above 8.0 while those of Boonanuntanasarn et 

al. (2018) ranged from 3.0-4.3. High crude protein diet with high carbohydrate content 

was suitable for the Nile tilapia fry in the present study. 

 Thiamine has been reported to be essential for growth, and participates in energy 

metabolism as a cofactor in the form of thiamine pyrophosphate (Manzetti et al. 2014). 

Its lipid-soluble derivative is more absorbable, resulting in higher bioavailability. 

Benfotiamine is known to be an anti-diabetic drug but its importance and function in fish 

is still poorly understood. Normally, high dietary carbohydrates could reduce feed 

palatability; fish show higher sensitivity to testants (Morais, 2017) and feeding them with 

high carbohydrate diet could reduce feed intake. The results of the present study 

demonstrated that incorporation of dietary benfotiamine to high carbohydrate diet 

improved the growth performance and feed utilization of O. niloticus. In another study 

blunt snout bream fed with HCB (43% carbohydrate) were observed to have significantly 

lower WG, SGR and TIFI compared to the control group (Xu et al. 2017). Furthermore, 

fish offered the HCB diet in their study exhibited high values of whole-body lipid 

contents, tissue glycogen, and plasma insulin levels. In addition, benfotiamine improved 

glucose tolerance of fish fed HC diet after a glucose load. In the present study, tilapia fed 

an HCB diet exhibited the significantly highest values for FABW, WG, SGR and TIFI among 

other treatments. In addition, incorporation of benfotiamine significantly enhanced the 

FCR. This suggests that thiamine enhances growth and intestinal enzyme activities in fish 

(Huang et al. 2007). In addition, the whole-body lipid content of fish fed the HCB diet 

was significantly higher than those fed the HC and control diets. This could be due to the 

action of benfotiamine in enhancing the activity of tranketolase effectively stimulating the 

pentose phosphate pathway (PPP) consequently enhancing fatty acid synthesis leading to 

body lipid accumulation (Hammes et al. 2003; Beltramo et al. 2008).  
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 Benfotiamine appears to possess protective roles in treating inflammatory diseases 

caused by metabolic stress (Yadav et al. 2010; Shoeb and Ramana, 2012). It reduces 

lipid peroxidation and protein damage in the muscles, provides protection to liver against 

oxidative damage and enhances expression and activities of anti-oxidative enzymes. 

(Gonçalves et al. 2019; Portari et al. 2016; Bozic et al. 2015). These protective 

properties of benfotiamine probably enhanced the overall health of the fish fed with high 

carbohydrate in this study as evident in the overall growth performance. 

 As fish feed constitutes a major bulk in the total cost of aquaculture production, feed 

additives such as attractants/stimulators are particularly important as they improve feed 

efficiency leading to reduced cost, specifically since they are usually supplemented in 

small amounts (Bai et al. 2015). Since the HCB diet was more attractive to the fish than 

either the control or HC diets in the present study, this demonstrated that benfotiamine 

also served as feed stimulant in trace amounts (0.02%). This result was in agreement 

with that of Tai et al. (1999) in which thiamine is considered as a potential precursor for 

meat flavor. Since feed intake, weight gain, and feed conversion ratio are affected by 

feed stimulants (Papatryphon & Soares, 2000), supplementing the feed with 

benfotiamine in the present study enhanced feed efficiency (i.e. reduced FCR). 

Benfotiamine should be further analyzed for its composition and efficacy, not only for 

juvenile tilapias but also for adult on-growing ones for a possible enhanced stimulatory 

effect on Nile tilapia. 

 In conclusion, increasing dietary carbohydrates from 15% to 25% did not have a 

negative effect on the growth performance of Nile tilapia juveniles. The incorporation of 

benfotiamine to the high carbohydrate (25%) diet significantly enhanced its growth 

performance and feed utilization; the attractability of the diet to the fish was also 

enhanced. 
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