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ABSTRACT
This study was conducted to evaluate the influence of irradiated chitosan added to the commercial food pellet on growth
performance and feed digestibility of tilapia. Chitosan obtained from deacetylation of chitin is irradiated under gamma irradiation
(25 kGy) to produce low molecular weight oligo chitosan as a dietary supplement in tilapia tank. The study consisted of 4
treatments (control, 0.025 % oligo chitosan, 0.05 % oligo chitosan and 0.075 % oligo chitosan) and fed three times daily to the
tilapia. The water parameters such as pH, temperature, nitrate, nitrite, ammonia and dissolved oxygen were recorded to maintain
the suitable condition in water tank. The addition of oligo chitosan (0.05%) showed the best result on final weight, growth rate,
feed conversion ratio, protein efficiency ratio and survival rate.
Key words: Gamma irradiation, chitosan, dietary supplement.

INTRODUCTION
Tilapia stand the world’s most important group of aquaculture species in terms of production. In Malaysia, Red tilapia is the second
largest fish produced after catfish. However, the production of tilapia has been found to decrease each year, from 51,554 mt in
2012 to 35,996 mt in 2016. The decrease in tilapia production has recalled actions to improve fish management strategies and
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tilapia culture practices (FRI, 2018). Several methods have been applied in intensive aquaculture system to improve feed
digestibvility, fish growth, water quality (Putra, 2020) and dietary supplement (Cheng et al., 2017).
In aquaculture, chitosan has been found to be useful as an immunostimulant to enhance protection of fish (Anderson and Siwicki,
1994; Siwicki et al., 1994; Paramá et al., 2005; Cha et al., 2008) and shrimp (Wang and Chen, 2005) against bacterial disease.
There are several criteria that should be taken into account when including any additive to fish diets to avoid any undesirable
effects on fish. The low toxicity profile of chitosan compared with other natural polysaccharides is one of its various attractive
advantages (Abdel-Ghaney and Salem, 2020). In fact, chitosan safety in terms of inertness and low or no toxicity has been proved
(Fouad, 2008). The use of chitosan nanoparticles (5.0 g kg-1 of diet) certainly improved the final weight, differences in final
weight, feed conversion ratio and the contents of crude fat and inosinic acid of tilapia, in tanks as reported by Wang and Li (2011).
Thus, chitosan nanoparticles acted as feed additive has appeared to improve the growth and meat quality status of tilapia in fish
farms. Although having many advantages, chitosan reveal several drawbacks including poor solubility. Radiation degradation of
chitosan has been studied to produce low molecular weight chitosan (Duy et al., 2015). Therefore, the aim of the study is to
investigate the using of low molecular weight chitosan (oligochitosan) from radiation irradiation of gamma ray as a food
supplement for tilapia.
MATERIALS AND METHODS
Preparation of radiation degraded chitosan
Chitosan powder with molecular weight of 176 kDa and degree of deacetylation of >85% was obtained from USA. The chitosan
powder was mixed with distilled water. The prepared mixture (chitosan powder swells in water) was irradiated under gamma
irradiation (SINAGAMA) at 25 kGy to produced low molecular weight oligo chitosan. The irradiated solution was then dissolved
with lactic acid and homogenized for 24 hours. The molecular weight was measured by Size Exclusion Chromatoghraphy (SEC)
equipped with MALLS (multi angle laser light scattering) detector brand Wyatt.
Preparation of tilapia feed
Commersial tilapia feed comprise of 32 % protein was used in this study. Low molecular weight chitosan (oligochitosan) derived
from degradation of chitosan by gamma irradiation was further used as a dietary food supplement. The commercial food pellet was
mixed with 0.025 %, 0.05 % and 0.075 % oligochitosan. The ingredients were well mixed and dried at 50° C in oven for 2 hours.
The prepared food diets were then stored in plastic container at ambient temperature until use.
Experimental procedure and conditions
Juvenile tilapias were obtained from local supplier, which were then transferred into 140 L tank. The tank was connected to aerator
and filter system to support the required condition. After acclimation for two weeks, the weight of each fish was taken and randomly
distributed to 4 cylinder tanks with diameter of 60 cm and 50 cm height. The fish in tank with label A were fed with conventional
food pellet as a control parameter. The fish in tank B, C and D were fed with 0.025%, 0.050% and 0.075% oligo chitosan mix with
commercial food pellet respectively. The fish were fed at the rate of 5% of their body weight thrice per day. The basic parameter
of water such as pH, temperature, dissolved oxygen and ammonia were check regularly to maintain the optimal level. The fish
were reared for 30 days and weighed every ten days.
Growth performance
The weight of each individual specimen of fish with 4 different oligochitosan intakes was recorded at the beginning and every 10
days during the experiment. Based on the weight of each fish the weight gain was calculated as follows (Lin et al., 2011);
Weight Gain (WG) = Final weight (g) – Initial weight (g)
The feed conversion ratio (FCR) was calculated according to the fed intake and weight gain.
Feed conversion ratio (FCR) = Diet fed (g) / Weight gain (g)
The protein efficiency ratio (PER) was calculated by using the relationship between the increase in the body weight of fish and
protein consumed according to the method of Zeitoun et al. (1976);
Protein efficiency ratio PER = Weight gain (g) / crude protein in diet
The survival rate (SR) was recorded daily and calculated as follows;
Survival rate (%) (SR) = (Final number of tilapia/Initial number of tilapia) X 100%
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RESULTS AND DISCUSSION

1. Weight gain
The influence of different levels of oligochitosan on the weight gain is presented in Figure 1. There were significant differences in
weight gain of tilapia between diets containing oligochitosan and without oligochitosan during 30 days of experiment. A general
tendency of increasing weight gain was observed in all treatmeats with the addition of oligochitosan in the diets. The young tilapia
with a starting average weight of about 40 g showed the best growth with 0.05% oligochitosan, followed by 0.075 % and 0.025 %.
Minimum growth was observed in tilapia fed with commercial feed without oligichitosan.
The obtained result clearly showed that the dietary with 0.05% oligochitosan enhanced the growth performance of tilapia to
optimum level compared to 0.025 and 0.075% oligochitosan. The effect of chitosan on growth performance of fish has been
reported by Niu et al. (2011), which concluded that chitosan is an active growth promoter and can be considered as an essential
element for the growth of aquatic animals. Improvement in the morphological structure of small intestine can be the main effect
of chitosan, which may improve nutrients absorption and growth performance as revealed by Zaki et al. (2015)
Figure 1. Weight gain of the tilapia fed with oligochitosan
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Figure 2. FCR of the tilapia fed with oligochitosan
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2. Feed conversion ratio (FCR)
Feed conversion ratio (FCR) of a tilapia cage culture feed with 32 % protein is 1.7 as reported by (Boyd USA). This FCR result
was in accordance with our results, however, the best feed conversion ratio (FCR) obtained in our study is at the concentration of
0.05 % oligochitosan and the poorest feed conversion ratio are of normal feed diet without oligochitosan. The diet of 0.075 %
oligochitosan gave better feed conversion ratio than diet with 0.025 % oligochitosan. The value of FCR (Figure 2) revealed that
tilapia fed with 0.05% oligochitosan took less food (1.06 g) to produce 1.00 g of fish compared to the tilapia fed with commercial
fish pellet, 0.025 % and 0.075 % oligochitosan.
3. Protein efficiency ratio (PER)
Protein efficiency ratio (PER) is a widely used method for evaluating the quality of protein in food. In this study, the increases of
percentage of oligochitosan lead to the increasing of protein efficiency ratio (PER) of tilapia. The study conducted in 30 days
revealed that PER of tilapia fed with 0.05 % oligochitosan (Figure 3) has positive correlation with the weight gain and feed
conversion ratio (FCR). The best PER value for tilapia fed experimental and control diets was from diet of 0.05% oligochitosan.
This result revealed that the addition of 0.05 % oligochitosan in the diet significantly improve the protein efficiency ratio (PER)
hence optimizing the protein consumed.
Figure 3. Protein efficiency ratio (PER) of the tilapia fed with oligochitosan
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4. Survival rate (SR)
The survival rate of feeding trial in control and 0.075 % oligochitosan showed more than 50 % mortality, whereas 100 % survival
rate was recorded for 0.025 % and 0.05 % oligochitosan. This result indicated that the optimum level of oligochitosan to be added
in commercial tilapia food pellet is less than 0.05 % to avoid mortality and preserved suitable condition in the tank.

CONCLUSION
This study concluded that the addition of 0.05 % oligochitosan obtained from 25 kGy gamma irradiated chitosan offers a promising
solution as food supplement for tilapia. However, the potential application of research data into the real tilapia farming should be
further study to fill this gap.
REFERENCES
Abdel Ghaney HM & Salem ME., (2020). Effects of dietary chitosan supplementation on farmed fish; a review. Reviews in
Aquaculture, 12, 438-452.
Anderson DP & Siwicki AK. (1994). Duration of protection against Aeromonas salmonicida in brook trout immunostimulated
with glucan or chitosan by injection or immersion. The Progressive Fish-Culturist, 56, 258–261
Boyd CE, (2018). Protein conversion efficiency in aquaculture. Aquaculture and Aquatic Sciences
https://www.aquaculturealliance.org
Cha SH, Lee JS, Song CB, Lee KJ & Jeon YJ. (2008). Effects of chitosan-coated diet on improving water quality and innate
immunity in the olive flounder, Paralichthys olivaceus. Aquaculture, 278, 110–118.
Cheng AC, Lin HL, Shiu YL, Tyan YC & Liu CH. (2017). Isolation and characterization of antimicrobial peptided derived from
Bacillus subtilis E20 fermented sorbean meal and its use for preventing Vibrio infection in shrimp aquaculture. Fish
Shellfesh Immunol, 67: 270-279.
Duy NN, Phu DV, Quoc LA, Lan NTK, Hai, PD, Nguyen NV & Hien NQ. (2016). Effect of oligochitosan and oligo β-glucan
supplementation on growth, innate immunity and disease resistance of striped catfish. Biotechnology and Applied
Biochemistry
DOI:10.1002/bab.1513 wileyonlinelibrary.com
Fouad DRG. (2008). Chitosan as an Antimicrobial Compund; Modes of Action and resistance Mechanisms. University of Bonn
PhD Thesis.
FRI, (2018). Collaboration between FRI and CMDV: The Development of Red Tilapia Hybrid Growth Marker, Official website
FRI, Malaysia
Lin S, Pan Y, Luo L, & Luo L. (2011). Effects of dietary β-1,3-glucan, chitosan or raffinose on the growth, innate immunity and
resistance of koi (Cyprinus carpio koi). Fish Shellfish Immunol, 31(6), 788-794.
Niu J, Liu YJ, Lin HZ, Mai KS, Yang HJ & Liang GY., (2011). Effect of dietary chitosan on growth and stress tolerance of
postlarval (Litopenaeus vannamei). Aquaculture Nutrition, 17, 406–412.
Paramá A, Luzardo A, Blanco-Méndez J, Sanmartín ML & Leiro J. (2005). In vitro efficacy of glutaraldehyde-crosslinked chitosan
microspheres against the fish-pathogenic ciliate Philasterides dicentrarchi. Diseases Aquat Organisms, 64, 151–158.
Putra, AN., Mustahal & Syamsusarno, MB. (2020). Effects of dietary probiotic bacillus NP5 on the growth performance of catfish
(Clarias sp). BIOTROPIA, 27(1), 51-59
Siwicki AK, Anderson DP & Rumsey GL. (1994). Dietary intake of immunostimulants by rainbow trout affects nonspecific
immunity and protection against furunculosis. Vet Immunol Immunopathol, 41,125–139.
Wang SH & Chen JC. (2005). The protective effect of chitin and chitosan against Vibrio alginolyticus in white shrimp Litopenaeus
vannamei. Fish Shellfish Immunol, 19, 191–204.
Wang Y & Li J., (2011). Effects of chitosan nanoparticles on survival, growth and meat quality of tilapia, Oreochromis nilotica.
Nanotoxicology, 5(3), 425–431.
Zaki MA, Salem M El-S, Gaber MM & Nour AM. (2015). Effect of chitosan supplemented diet on survival, growth, feed
utilization, body composition and histology of sea bass (Dicentrarchus labrax). World Journal of Engineering and
Technology, 3, 38–47.
Zeitoun IH, Ullrey DE & Mages WT. (1976). Quantifying nutrient requirement of fish. J. Fish Res. Board of Canada, 33, 167172.

55

