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Abstract: This study was conducted to investigate the potential effects of natural polyphenol antioxi-
dant (Cabanin® CSD provided by R2 Agro, Denmark)-supplemented diets on the growth performance
and biochemical and antioxidant responses of Nile tilapia (Oreochromis niloticus). The fish were fed
two control diets (low and high levels of vitamin C and vitamin E without added Cabanin® CSD) and
two experimental diets with Cabanin® CSD supplementation for 10 weeks. After the trial, the specific
growth rate, feed utilization, and survival rate were observed. The blood biochemical parameters,
consisting of superoxide dismutase activity, malondialdehyde, cortisol, and glucose, were measured.
The presence of malondialdehyde in the flesh meat of the tilapia was also evaluated during refriger-
ated storage. The fish was then challenged with 60 mg/L ammonia for 168 h. The survival rate and
biochemical parameters of the blood (glucose and cortisol) were recorded after exposure to ammonia.
The results show that the growth performance of tilapia was significantly improved by Cabanin®

CSD supplementation (p < 0.05), while the survival rates were similar between control and Cabanin®

CSD-supplemented diet groups. Superoxide dismutase activity and malondialdehyde levels in the
blood serum were significantly different between the control and Cabanin® CSD-supplemented diet
groups (p < 0.05). The malondialdehyde levels were significantly higher in the control group in
comparison with the Cabanin® CSD-supplemented groups at day 1 and day 7 of refrigerated storage
(p < 0.05). In the ammonia challenge test, the highest survival rate was observed in the Cabanin®

CSD-supplemented diet groups compared to the control group. The fish serum glucose and cortisol
levels increased in all the Cabanin® CSD-supplemented diet groups. In general, diets featuring
Cabanin® CSD supplementation were found to exert beneficial effects on the growth performance,
antioxidant capacity, and biochemical activity of tilapia under ammonia stress.

Keywords: Cabanin® CSD; tilapia; superoxide dismutase; malondialdehyde; glucose; cortisol

Key Contribution: Diets containing Cabanin® CSD supplementation significantly improved the
growth performance, biochemical activity, and antioxidant capacity of Nile tilapia (Oreochromis
niloticus).

1. Introduction

Tilapia is a common warm-water species cultured worldwide due to its rapid growth,
easy adaptation to intensive farming conditions, and the high protein composition of its
meat [1]. A stable market price has resulted in the increasing production of tilapia [2].
The intensification of tilapia production consequently exposes fish to stressful conditions
that weaken the immune systems of the fish and increase their susceptibility to diseases.
Several approaches, such as chemotherapy, antibiotics, and vaccination, have been applied
to control these problems in tilapia culture. However, the application of antibiotics and
chemotherapeutics in tilapia culture is strictly regulated due to their negative impacts, such
as the development of antibiotic-resistant bacteria, immune suppression in the fish, and an-
tibiotic residues [3]. Hence, the dietary supplementation of alternative, friendly prebiotics,
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probiotics, and immunostimulants, which help improve the immune responses of the fish
and reduce disease susceptibility, is receiving increasing attention in aquaculture [4–8].

Dietary polyphenols from plant foods have received considerable attention as a dietary
potential additive to improve the health status and growth performance of aquatic ani-
mals [9–11]. Many studies have demonstrated that plant immune stimulants can enhance
specific and non-specific immune protective mechanisms of fish [12,13].

Cabanin® CSD (European patent No. 1323354; provided by R2 Agro A/S, Denmark)
is composed of selected citrus pomace, grape pomace, blackcurrant pomace, and sweet
chestnut extract, with a high content of polyphenols (total polyphenol content: a minimum
of 8.5%), and can be used to help support the healthy immune function of aquatic animals
in the face of expected and unexpected stress events. The objective of the present study was
to evaluate the effects of Cabanin® CSD-supplemented diets on the growth performance
and stress resistance of tilapia.

2. Materials and Methods
2.1. Experimental Diets

Four diets were formulated to contain various concentrations of vitamin E, vitamin C,
and Cabanin® CSD: basal diet plus 50 mg/kg vitamin E (as all-rac-α-tocopheryl acetate)
and 50 mg/kg vitamin C (control low); basal diet plus 250 mg/kg vitamin E and 250 mg/kg
vitamin C (control high); basal diet plus 150 mg/kg vitamin E, 150 mg/kg vitamin C, and
200 mg/kg Cabanin® CSD (40% Cabanin® CSD replacement); basal diet plus 50 mg/kg
vitamin E, 50 mg/kg vitamin C, and 400 mg/kg Cabanin® CSD (80% Cabanin® CSD
replacement). Each diet had three replicates. The basal diet had approximately 31% crude
protein and 5% crude lipid with different ingredients. All feed ingredients were thoroughly
mixed, extruded, and pelleted in a feed mill, then labeled, packed in bags accordingly, and
stored at −20 ◦C until used. The ingredients and proximate analyses of the experimental
diets are illustrated in Table 1.

Table 1. Ingredients and proximate analyses of the experimental diets.

Ingredients
(g/kg)

Experimental Diet

Control LOW Control High 40% Cabanin®

Replacement
80% Cabanin®

Replacement

Soybean meal 521.4 521.4 521.4 521.4
Cassava 179.5 179.1 179.1 178.5
Ricebran 143.0 143.0 143.0 143.0

Wheatbran 50.0 50.0 50.0 50.0
Fishmeal 73.8 73.8 73.8 73.8

Soy oil 17.9 17.9 17.9 17.9
Methionine 2.0 2.0 2.0 2.0
Dicalcium
phosphate 11.3 11.3 11.3 11.3

Choline chloride 1.0 1.0 1.0 1.0
Vitamin E 0.05 0.25 0.15 0.05
Vitamin C 0.05 0.25 0.15 0.05
Cabanin® 0.00 0.00 0.20 0.40

Nutrient level

Crude protein, % 30.5 31.1 30.9 30.5
Crude lipid, % 4.7 4.8 4.7 4.9

Ash, % 8.9 8.5 8.7 8.7
Moisture, % 8.5 8.7 8.3 8.9

The analyses of the proximate composition of feed ingredients were determined by
using standard methods [14]. The crude protein content was determined by using the
Kjeldahl method. The crude lipid content was extracted through the use of n-hexane using
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the Soxhlet method. The ash content was determined via the combustion method. The
moisture content was determined via the drying method using an oven at 105 ◦C.

2.2. Fish and Feeding Trial

Tilapia fingerlings (Oreochromis niloticus) were obtained from a private fish farm in
Hochiminh City, Vietnam. The fish were transported to the Experimental Farm of Nong
Lam University, Hochiminh City, Vietnam and acclimated in 2000 L tanks. They were
cultured for 4 weeks and fed a basal diet twice daily to apparent satiation.

Fish with initial weight of 8 ± 2 g were selected for the trial. The trial was carried
out in 12 tanks (500 L per tank) that contained 50 fish per tank. The fish were fed two
times a day (7 am and 17 pm) at a total rate of 5% of their mean body weight for a period
of 10 weeks. One hour after feeding, the unconsumed feed was collected and dried to
calculate the daily consumed feed for each tank. Feed intake was recorded daily to compare
the feed intake of the four diets at the end of the experiment. The fish were weighed every
two weeks in order to adjust the feeding amount distributed to each tank and to estimate
the fish growth.

During the feeding trial, water quality parameters were monitored in order to evaluate
the water quality. Water temperature, dissolved oxygen (DO), and pH were monitored
daily using a multi-parameter photome (Hanna, Italy). The total ammonium nitrogen was
checked weekly using a TAN meter (Hanna, Italy).

2.3. Ammonia Challenge Test

After 10 weeks of the feeding trial, 10 fish were randomly collected from each tank
and distributed into a new tank (100 L) that prepared them for the ammonia challenge.
Ammonium chloride (NH4Cl, Merck) was used as a source of total ammonia-nitrogen
(TAN). The concentration of TAN was 60 mg L−1. The stress trial ran for a period of
168 h. The TAN levels in each tank were tested every 12 h and adjusted by adding NH4Cl
solution. The mortality of the fish was recorded. The blood biochemical parameters of
the fish (cortisol and glucose) were measured prior to the challenge test and at the end of
the challenge test. Commercial test kits were used in the present study to determine the
glucose (GAGO20, Sigma-Aldrich, St. Louis, MO, USA) and cortisol (Elisa Kit for Cortisol,
Cloud-Clone Corp.,Waltham, MA, USA) levels in the fish serum following the methods of
the manufacturer’s instruction.

2.4. Sample Collection and Analysis

At the end of the trial, two fish per tank were randomly sampled and anaesthetized
with tricaine methanesulfonate (MS-222) with a dosage of 80 mg/L. Approximately 1 mL
of blood sample was collected from the caudal vessels of the fish using a 2.5 mL syringe
(23-gauze needle), loaded in 1.5 mL tubes, and allowed to clot at room temperature for 2 h.
The samples were then centrifuged at 1398× g for 20 min at 4 ◦C. The separated serum was
collected and stored at −80 ◦C for later analysis.

The SOD (superoxide dismutase) activity and lipid peroxidase in fish serum at the end
of trial were measured according to the method described by Fridovich and Thiansilakul [15,16].

2.5. Thiobarbituric Acid Reactive Substances (TBARS) Analysis

At the end of the feeding trial, two fish from each tank were randomly collected.
Meat samples (10 g) were taken from each fish, packaged in plastic bags, and stored in
refrigeration. At day 1 and day 7 of refrigerated storage, a piece of meat fillet (0.5 g) was
homogenized in cold phosphate-buffered saline (0.1 M, pH 7.4). The homogenate was then
filtered and centrifuged at 1398× g for 20 min at 4 ◦C using a high-speed cooling centrifuge.
The supernatants were collected and subjected to biochemical determination of TBARS
content and expressed as nmol/mg protein [16].
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2.6. Data Calculation

At the beginning and at the end of the trial, the initial body weight (IBW) and final
body weight (FBW) of fish in each tank were measured. Their consumption of the diet
was recorded. The weight gain (WG), specific growth rate (SGR), feed conversion ratio
(FCR), feed intake (FI), and survival rate (SR) of the fish were calculated as follows: IBW
(g/fish) = initial body weight of fish (g)/initial number of fish; FBW (g/fish) = final body
weight of fish (g)/final number of fish; WG (g/fish) = final wet weight (g)—initial wet
weight (g); SGR (%.day1) = [(Ln(final weight) − Ln(initial weight))/(Cultured days)] × 100;
FCR = feed intake (g)/weight gain (g); FI (g/fish/day) = (Consumed feed in tank/number
fish of tank)/cultured days; SR (%) = (Number of survival fish/Number of initial fish) × 100.

2.7. Statistical Analysis

The results are presented as means ± standard deviation (SD). All data were firstly
examined for homogeneity of variance using SPSS statistic 20.0 software (IBM, Armonk, NY,
USA). A one-way ANOVA was used to test the main effect of different diets on fish growth.
The Duncan test was used to determined the significant differences among treatment
groups. The probability values of p < 0.05 were applied to confirm the statistical difference.

3. Results
3.1. Water Quality

During the trial, water quality parameters such as temperature, pH, dissolved oxygen
(DO) and ammonia (NH3) were sampled and the results are illustrated in Table 2.

Table 2. Water quality parameters of the trial.

Water Quality Parameters

Temperature (◦C) pH Dissolved Oxygen
(mg L−1)

NH3
(mg L−1)Morning Afternoon Morning Afternoon

28.4 ± 0.4 a 29.3 ± 0.8 a 7.0 ± 0.1 a 7.3 ± 0.2 a 5.9 ± 0.3 0.02 ± 0.01
The row with different superscripts represents significant differences (p < 0.05).

The results show that water temperature in the morning and afternoon varied between
28 and 30 ◦C. The water temperature in the morning was lower, but not constituting a
significant difference compared to the one in the afternoon (p > 0.05). Such variation in the
water temperature is optimal for tilapia growth and feeding. According to Azaza [17], the
water temperature suitable for growth and feed utilization of tilapia should range between
26 and 30 ◦C.

Other water quality factors like pH, dissolved oxygen (DO), and NH3 were also in
the suitable range to support the normal growth and survival of tilapia. The average pH
value of the treatments was relatively stable (6.5–7.5) and was within the appropriate limits
for tilapia growth and development [18]. In general, tilapia can survive in the pH levels
ranging from 5 to 10 but do best in a pH range of 6 to 9. The dissolved oxygen in water
plays a vital role in fish culture. During the trial, the dissolved oxygen (DO) was always
above 5 mg/L and suitable for the growth of tilapia [19]. The mean NH3 during the trial
was 0.02 mg/L and in the suitable range for tilapia development [20].

3.2. Growth Performance

The growth performance of tilapia expressed as the final body weight (FBW), specific
growth rate (SGR), and weight gain (WG) is presented in Table 3.
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Table 3. Effect of Cabanin® supplementation on the growth performance of tilapia.

Parameters

Experimental Diets

Control Low Control High 40% Cabanin®

Replacement
80% Cabanin®

Replacement

IBW (g/fish) 9.73 ± 0.20 a 9.81 ± 0.08 a 9.77 ± 0.12 a 9.85 ± 0.06 a

FBW (g/fish) 97.49 ± 2.0 a 92.98 ± 5.28 a 109.91 ± 4.97 b 105.45 ± 2.73 b

SGR (%/day) 3.60 ± 0.05 ab 3.50 ± 0.07 a 3.78 ± 0.05 c 3.70 ± 0.05 bc

WG (g/fish) 87.76 ± 2.03 a 83.16 ± 5.23 a 100.14 ± 4.58 b 95.59 ± 2.74 b

Results are mean ± standard deviation (n = 3). The row with different superscripts represents significant differ-
ences (p < 0.05). IBW: initial body weight. FBW: final body weight. SGR: specific growth rate. WG: weight gain.

The results show that Cabanin® CSD-supplemented diets did improve the growth
performance of tilapia. After 10 weeks of feeding trial, the best values in terms of specific
growth rate (SGR) and weight gain (WG) were recorded in the treatment with 40% Cabanin®

replacement compared with the control low or the control high. Significant differences
were reported in the tilapia fed Cabanin® CSD-supplemented diets in comparison with
the control diets (p < 0.05). However, no significant difference was recorded between the
tilapia fed Cabanin® CSD-supplemented diets.

The feed utilization of the fish is expressed as feeding intake (FI) and feed conversion
ratio (FCR). The results of the trial demonstrate that there were significantly differences
in the FCR between Cabanin® CSD-supplemented diets in comparison with the control
diets. The lowest FCR was observed in the treatment with Cabanin® replacement. The
feeding intakes of the four treatments were not significantly different. The survival rate of
the tilapia was highest in the treatment with 40% Cabanin® replacement (94%) and lowest
in the control treatment (87%). In summary, the supplementation of Cabanin® in diets
significantly improved the feed conversion ratio and the survival rate of tilapia cultured in
the feeding trial.

Combining growth performances and feed utilization (Tables 3 and 4), we can conclude
that Cabanin® supplementation in tilapia diet did improve not only tilapia growth and
feed utilization, but also survival.

Table 4. Effect of Cabanin® supplement on feed utilization and survival rate of tilapia.

Parameters

Experimental Diets

Control Low Control High 40% Cabanin®

Replacement
80% Cabanin®

Replacement

Feed intake
(g/fish/day) 1.55 ± 0.09 a 1.44 ± 0.10 a 1.58 ± 0.12 a 1.47 ± 0.15 a

FCR 1.34 ± 0.07 a 1.22 ± 0.11 ab 1.07 ± 0.10 b 1.09 ± 0.06 b

SR (%) 87.33 ± 8.08 ab 89.33 ± 2.31 a 94.0 ± 2.0 b 89.33 ± 7.57 ab

Results are mean ± standard deviation (n = 3). The row with different superscripts represents significant
differences (p < 0.05). FCR: feed conversion ratio. SR: survival rate.

3.3. Evaluation of SOD and TBARs Activity

Superoxide dismutase (SOD) and thiobarbituric acid reactive substances (TBARS) in
the blood serum of tilapia at the end of the trial are illustrated in Table 5.

Table 5. Effect of Cabanin® CSD-supplemented diets on oxidative parameters of tilapia.

Treatment SOD (Units/mL) TBARs (nmol/mL)

Control low 0.36 ± 0.01 a 0.23 ± 0.03 a

Control high 0.34 ± 0.04 a 0.22 ± 0.01 a

40% Cabanin® replacement 0.45 ± 0.02 b 0.17 ± 0.01 b

80% Cabanin® replacement 0.51 ± 0.07 b 0.17 ± 0.00 b

The column with different superscripts represents significant differences (p < 0.05).
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As shown in Table 5, the activity of SOD in the blood serum of tilapia fed with
Cabanin® CSD-supplemented diets was significantly higher than that in the control groups
(p < 0.05), while the serum thiobarbituric acid reactive substances in tilapia fed Cabanin®

CSD-supplemented diets had lower levels compared to the other treatments (without
Cabanin® supplementation). This means that the diets with Cabanin® supplementation
(200–400 mg/kg) can prevent oxidative cell stress damage.

The lipid peroxidation/MDA/TBARs values of tilapia flesh meat were also evaluated
during storage at day 1 and day 7, respectively, and are illustrated in Table 6.

Table 6. Effect of Cabanin® CSD-supplemented diets on thiobarbituric acid reactive substances
activity levels in flesh meat of tilapia during refrigerated storage.

Treatment
TBARS (nmol/mg Protein)

Day 1 of Refrigeration Day 7 of Refrigeration

Control low 0.25 ± 0.04 a 0.37 ± 0.02 a

Control high 0.23 ± 0.04 a 0.36 ± 0.05 ab

40% Cabanin® replacement 0.17 ± 0.01 b 0.30 ± 0.03 b

80% Cabanin® replacement 0.15 ± 0.01 b 0.27 ± 0.04 b

The column with different superscripts represents significant differences (p < 0.05).

The results show that the TBARs levels were significantly higher in groups without
Cabanin® CSD-supplemented diets at day 1 and day 7 of refrigerated storage. The low
levels of the TBARs in the treatment groups is due to the antioxidant capacity of the
Cabanin® product. As proven, Cabanin® contains parts of citrus, grape, blackcurrant,
and chestnut with high polyphenol content (a minimum of 8.5%) and high levels of anti-
oxidative activity, which can prevent lipid peroxidation.

3.4. Survival Rate of Tilapia after Ammonia Exposure

A concentration of ammonia of 60 mg/L TAN was used for testing the survival of
tilapia after 10 weeks of feeding with Cabanin® CSD-supplemented diets. The results show
that no obvious differences were observed among all treatments in the first 96 h post-stress
(p > 0.05). When the trial was extended to 168 h, tilapia in the treatment groups had
higher survival rates in comparison with those in the control groups. Significant differences
were recorded in the Cabanin®-supplemented diet groups compared to the control groups
(p < 0.05) (Figure 1). It can be concluded that the Cabanin® supplementation improve the
survival rate of tilapia after ammonia exposure.

The initial and the final biochemical parameters of the blood serum such as the glucose
and cortisol levels of tilapia in the ammonia challenge test are shown in Table 7.

Table 7. Blood biochemical parameters of tilapia serum before and after ammonia stress.

Treatment
Glucose (mmol/L) Cortisol (ng/mL)

Before After Before After

Control low 3.01 ± 0.39 a 3.11 ± 0.61 a 42.1 ± 6.0 a 148.6 ± 18.3 a

Control high 3.20 ± 0.31 a 3.55 ± 0.26 a 45.8 ± 11.2 a 140.9 ± 10.6 a

40% Cabanin®

replacement
3.25 ± 0.29 a 4.46 ± 0.42 b 70.4 ± 6.5 b 201.2 ± 31.1 b

80% Cabanin®

replacement
3.31 ± 0.22 a 4.33 ± 0.35 b 79.3 ± 4.4 b 165.3 ± 24.9 ab

Results are mean ± standard deviation (n = 3). The column with different superscripts represents significant
differences (p < 0.05).
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Cabanin® replacement.

The results show that the blood glucose and cortisol levels were increased after the
ammonia stress (Table 7). The glucose level was in the range of 3.0 to 3.3 mmol/L before
the stress test and increased to the range of 3.1 to 4.5 mmol/L after testing. No significant
difference in glucose level was recorded before the exposure of the tilapia to ammonia
(p > 0.05). However, tilapia fed diets treated with 40% Cabanin® replacement demonstrated
more increases and significant differences in their level of glucose than those in the control
treatments (p < 0.05) after the ammonia challenge test.

Significant differences in cortisol levels were reported in the tilapia fed Cabanin®

CSD-supplemented diets in comparison with the control diets before and after the stress
test (p < 0.05). In general, the cortisol levels of tilapia increased after the challenge test.

4. Discussion

Water quality, which directly affects the reproduction, growth, and survival of aquatic
organisms, is considered one of the most important factors in aquaculture. The water qual-
ity of the aquatic ecosystem maintains a suitable environment for fish culturing. Aquatic
organisms are susceptible to suffering stress when the ecological conditions are not ad-
equate. High stress levels generate low feeding rates and low growing rates as well,
resulting in the appearance of sickness in the organisms [21]. During the feeding trial, the
physicochemical parameters of the water were within the range for culture of tilapia.

In the current study, it was shown that the growth performance of tilapia fed Cabanin®

CSD-supplemented diets was improved significantly after 10 weeks of feeding trials. As
demonstrated in the aquaculture aspect, providing an artificial fish diet with essential
elements and/or polyphenols extracted from plants is extremely important for maintaining
normal growth performance and the proper physiological status of fish [12,22,23]. Cabanin®

contains citrus pomace, grape pomace, blackcurrant pomace, and sweet chestnut extract,
with high polyphenol content and a high level of anti-oxidative activity. Citrus has a variety
of biological properties such as antibacterial, anti-inflammatory, and antioxidant activi-
ties [24,25]. Pectin derived from citrus and orange peels is considered to be one of the most
promising immunomodulation agents, with antiviral and antibacterial effects [26]. Grape
pomace contains phytochemicals and is rich in flavonoids such as catechin, anthocyanins,
and epicatechin [27]. Anthocyanins have been known to have antioxidant capacity and
prevent cells from oxidative damage [28]. Blackcurrant and chestnut are mainly presented
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as condensed tannins and anthocyanins. Low-concentration tannin supplementation can
improve the growth performance and health status of animals [29]. Our results are similar
to the results of Coccia; Jahazi; Laein; and Ahmadi [30–33]. These authors concluded
that dietary polyphenol supplementation significantly increased the weight gain, specific
growth rate, and feed conversion ratio of fish such as common carp (Cyprinus carpio L.),
rainbow trout (Oncorhynchus mykiss), and Asian seabass (Lates calcarifer).

SODs are a group of metallo-enzymes that play a crucial antioxidant role and consti-
tute the primary defense mechanism against the toxic effect of oxygen in aerobic organ-
isms [34]. The results of the present study show that the SOD activity levels in tilapia fed
200–400 mg/kg of Cabanin® CSD-supplemented diets have significant differences from
levels in the other treatments (p < 0.05). This finding proves the antioxidant activity of
the Cabanin® product. Our results are in agreement with the results of Mirvaghefi and
Almarri [8,35] conducted on rainbow trout and tilapia. These authors mentioned that
SOD levels increased significantly in the specimens treated with supplemented products
compared to the untreated group.

Lipid peroxidation is considered as a complex process that is self-propagating and
causes cellular membrane destruction. MDA formation, one of the final products of
lipid peroxidase, is widely used to evaluate the lipid peroxidase. The level of MDA is
direct evidence of the toxic process caused by free radicals [36,37]. In the current study, a
significantly lower MDA/TBARS concentration in tilapia fed Cabanin® CSD-supplemented
diets was recorded compared to that in the control groups. The decrease in MDA level could
be an indicator of an increase in the enzymatic and non-enzymatic antioxidants of defense
mechanisms. Our results are in accordance with other findings [8,38,39]. These authors
found that low lipid peroxidation reflects the protective effects of oxidative enzymes.

Ammonia can cause physical stress in fish. According to Portsz [40] and Frances [41],
the survival rate of fish reduced with increasing levels of ammonia and exposure time.
Dietary polyphenols may help fish against ammonia stress [42,43]. Cabanin®, which
contains high levels of polyphenol and possesses high anti-oxidative activity, is able to
improve the stress resistance of fish. The present study demonstrates that tilapia fed
Cabanin® CSD-supplemented diets could improve in resistance against ammonia stress
and experienced an increased survival rate compared with that in the control group after
ammonia exposure. Similar results were observed in the study of Hossain [44]. These
authors mentioned that fish fed nucleotide-supplemented diets significantly improved in
terms of stress resistance.

Glucose is also considered as an innate immune parameter that is mediated by stress.
When fish are under stress, a high level of blood glucose has been recorded [45,46]. The
increase in glucose levels in the present study could be due to a consequence of the
glycogenolytic activity of catecholamines and gluconeogenetic effect of glucocorticoids
via a stress response under toxic substance exposure [47,48]. During the stress period,
catecholamines act directly on the liver to stimulate glycogenolysis, resulting in the mo-
bilization of glucose. Catecholamines then promote the phosphorylation of the enzyme
glycogen phosphorylase that results in increased glycogenolysis. It should be noted that
tilapia fed Cabanin® CSD-supplemented diets are able to modulate more glucose in the
stress condition.

Cortisol is considered to be the major corticosteroid hormone in teleost fish and plays
a major regulatory role in metabolism. Cortisol is recognized as a key mediator of stress-
associated responses. It is secreted and released by internal cells of the head kidney during
activation of the hypothalamic pituitary internal axis. In the current study, a high cortisol
level was recorded in fish fed Cabanin®-supplemented diets in comparison with those
fed the control diet before and after ammonia exposure. An increase in cortisol in fish
exposed to ammonia was also reported by Metwally and Wafeek [49]. An explanation of
the increase in cortisol is that the hypothalamo-pituitary internal axis of fish is stimulated
by ammonia as a stressor, causing elevated blood levels of cortisol, which in turn lead to
lipolysis, glycogenolysis, and gluconeogenesis to provide energy under stress conditions.
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5. Conclusions

Cabanin® CSD supplementation at a dosage of 200–400 mg/kg of feed has effective-
ness with regard to the growth performance, feed utilization, survival rate, biochemical
activity (glucose and cortisol levels), and antioxidant capacity (SOD and TBARs) of tilapia.

Dietary supplementation of Cabanin® CSD at a level of 200 mg/kg is considered to be
the most suitable dose for tilapia in aquafeed to improve the aquaculture industry.
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