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Abstract 
The present study describes the potentiality of dietary supplement of mycelial  biomass of Ganoderma 
lucidum (MBGL) as functional feed additives formulated along with other feed ingredients at different 
inclusion levels (5g/kg diet, 10g/kg diet and 15g/kg diet). A hundred and twenty (120) red hybrid 
tilapia were used for this experiment in duplicates treatment. Fifteen fish were allocated to each tank 
with an average weight of 17.0g. A six (6) week feeding trial was conducted to evaluate the effect of 
GL biomass on red hybrid tilapia fillet nutritional body composition. At the end of the feeding trial, 
six (5) fish were randomly selected in each tank for fillet nutritional composition study. The result 
obtained from this study shows that the dietary supplement of GL biomass has a significant (P<0.05) 
influence on red hybrid tilapia body composition (15g/kg). The inclusion of this diet as feed additives 
has shown no adverse effect to the general wellbeing of the fish. Based on the findings of this study, 
the mycelial biomass of Ganoderma lucidum can be used as a functional feed additive to improve 
aquatic productivity in aquaculture. The optimum supplementation level suggested in this study is 
15g/kg diet which is considered enough to meet the nutritional requirement of red hybrid tilapia. 
 
Keywords: Ganoderma lucidum, red hybrid tilapia (Oreochromis sp), body composition.  
 
 
INTRODUCTION  
Production of finfish in aquaculture has seen  rapid growth, provided 50% of consumed fish 
globally, today this projection has predicted that aquaculture will emerge as the prime 
source of fish production in the year coming 2030 due to the customers demand and 
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depletion of wild fish caused by fisheries (Pauly et al., 2017). It has been predicted that 
aquaculture will provide food to the world population soon, due to the ability of growing  
and expanding cultured fish sustainably, maintenance of the fish environment, use of 
balance aquafeed and lessen reliance on wild fish. To expand aquaculture productivity use 
of standard validation method and inexpensive method to monitor the health of fish is 
necessary (Hrubec et al., 2000; Satheeshkumar et al., 2012).   
  
Body composition is defined as indicator of fish physiological condition which involve 
analysis of water, fat, ash, and protein content. It is of significant concern in aquaculture 
because it affects fish growth, appetite, and feed utilization efficiency (Breck, 2014). The fish 
whole-body proximate composition considerably varies among different species of fish, and 
it largely depends on the type of feed used to fed the fish. This, in turn, remains as primary 
determinate for fillet nutrient and fillet quality and quantity (Teame et al., 2016). 
 
Chemical proximate composition of freshwater fishes is valuable to the nutritionists to 
determine the total level of fat and protein. In general fish live body weight composition 
made up of 70-80% water, 20-30% protein 2-12% lipid (Naeem et al., 2017). Fillet proximate 
composition is an important aspect as a way to broadly defines fish body nutrition, and it is 
closely associated with consumer nutritional attribute (Grigorakis, 2017).  
 
Feed additives are ingredients including minerals, vitamins, fatty acids, amino acid, 
pharmaceutical, fungal products, and sterols, used in animal feed to influence the physical 
and chemical properties of a feed, mainly to improve the performance of aquatic organisms 
(Dawood et al., 2018).  
 
Nowadays, farmers believe in using antibiotics, vaccines and other chemotherapeutics agent 
to improve aquaculture productivity, however, these chemotherapies found to be ineffective 
to confer protections on their own due to resistance development. Therefore, there is a need 
to develop an alternative, inexpensive and effective substitute to replace the use of 
antibiotics and other chemotherapy in aquaculture to enhance the normal body functioning 
of fish (Ahmad et al., 2011; Liu et al., 2017).  
 
Ganoderma lucidum is a medicinal mushroom found to have a lot of bioactive compounds 
including; Triterpenoid, lipid, flavonoid, lignans, polysaccharides, peptidoglycans, protein 
and sterol (lanosterol, ergosterol, and ergosterol peroxide) (Martínez-Montemayor et al., 
2019). Vitamin B complex, Riboflavin B2, Niacin B3, pantothenic acid B5, Ergosterol D2, and 
minerals such as copper, selenium and potassium (Stamets, 2005).  
 
METHODOLOGY  
 
Production of experimental diet 
Ganoderma lucidum were collected from Functional Omics and Bioprocesses Center, 
University of Malaya. Species were confirmed by (Supramani et al., 2019). Crude Ganoderma 
lucidum was subjected to grow into mycelium, then proceed into batch fermentation, as 
shown in  Figure 3.1. Media used including 30% D(Amin et al.)-Glucose monohydrate 
C6H12O6 .H2O, 1g yeast extract, 0.5g di-Potassium Hydrogen Orthophosphate anhydrous 
K2HPO4, 0.5g Potassium dihydrogen phosphate anhydrous KH2PO4, 0.5g Magnesium sulfate 
MgSO4, 0.5g Ammonium chloride NH4CL in 500ml working volume for first seed culture 
(10days) and second seed 20% inoculum, 30% glucose, 50% media (culture duration; 10days 
for each seed culture). Through this method, the fermentation time was reduced from 
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10days to 5days (Wan et al., 2016). At the end of the second seed, the culture was filtered 
using Buchner funnel filtration apparatus to obtain biomass. The biomass was dried in a 
compact laboratory dryer  (2at 50oc.  

 
Figure 1.0. Production of mycelial biomass of Ganoderma lucidum 

 
Experimental feed 
The dried biomass was collected and use as feed additives along with other feed ingredients, 
including fishmeal, rice bran, soybean, cornmeal, mineral pre-mix, di-calcium phosphate 
(DCP), fish oil, L-lysine, methionine, and vitamins pre-mix. The experimental feed was 
formulated using Winfeed software version 2.8 method. Approximately 0.3cm diameter 
pellets were prepared by using a small pelleting machine, then transfer into oven for drying 
at 60oC overnight to attain a constant weight and finally transferred into a cold room (4oC) 
for storage (Taufek, 2016). The inclusion level of each feed ingredients was presented in 
table 3.1. The Proximate composition of all feed ingredients was presented in table 3.2. and 
proximate chemical composition of formulated feed (for each treatment) was presented in 
table 3.3. 

 
Figure 2.0. Production of feed pellet  
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Figure 3.0. Production of feed pellet  

 
Experimental fish and setup 
One hundred and twenty (120) red hybrid tilapia (Oreochromis spp) were purchased from a 
reputable hatchery (Sungai Buloh fish farm, Selangor, Malaysia), with weight range (17.0g), 
then safely transported to aquarium laboratory in the Institute of Biological Science, Faculty 
of Science, University Malaya. Upon arrival, the fish were transferred into respective tanks 
containing de-chlorinated water. The fish could rest for 24h before feeding. Then they were 
subjected to acclimatization for two weeks using commercial feed. At the end of the 
acclimatization, the fish were divided into four groups in duplicate samples with 15 fish per 
tank.  

 
Figure 4.0. Red hybrid tilapia (Oreochromis spp.) 

 
On starting the feeding trial, the fish were fed with one of the four experimental diets, i.e., 
control (without feed supplement), feed containing 5g/kg of MBGL, feed containing 10g/kg 
of MBGL, and feed containing 15g/kg of MBGL. Eight plastic tanks were used with a water 
carrying capacity of 100 liters. All the tanks were equipped with an aquarium pump and 
filter box to provide aeration, filtration, and internal circulation.  
 
Water qualities were observed regularly to ensure the pH, temperature, dissolved oxygen, 
ammonia, and nitrate are within the normal range for tilapia culture. pH was maintained 
within the range of 6 to 8, ammonia and nitrate were maintained within 2.0 to 5.0mg/l, DO 
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were maintain above 6.0mg/l and water temperature at 27-29ºC (Jimoh et al., 2019b; Mishra 
et al., 2008; Taufek et al., 2016)  
 
COLLECTION OF FILLET SAMPLE 
Following feeding trial, 5 fish were selected at random and sacrificed, following which, the 
scales, skin, visceral organs and bones were completely removed. The fillet was placed on to 
a crucible disc and kept overnight in an oven set at 60oC. Thereafter, the sample was ground 
to power and stored until required for use. The grounded fillet was finally used for 
nutritional studies.  
 
 

 
 

 
 
 
 
 
 
 
 
Figure 5.0. fillet sample collection  

 
PROXIMATE AND CHEMICAL ANALYSIS OF INGREDIENTS AND BODY 
COMPOSITION  
All the feed ingredients, experimental diets and fillet were analyzed for the proximate 
composition according to the Association of Official Analytical Chemist methods (AOAC, 
2003). 
 
CRUDE PROTEIN  
For crude protein analysis, the Kjeldah1 method was used. Approximately 0.15g sample was 
weight into Kjeldah1 digestion tube, 100mg of Kjeltab catalyst and 6ml of concentrated 
Sulphuric acid was added into each tube. The tube was placed into the FOSS Tecator 
Digester Auto at 420ºC, for 1hour, then allowed to cool for 15minute before the distillation 
process begin. 80ml of de-ionized water and 50ml of sodium hydroxide were added 
automatically by the distillation machine and mixed thoroughly and distilled with 4% boric 
acid (25ml). Titration indicator were prepared using 100mg of bromocresol green dissolve in 
100mg of methanol before adding 70ml methyl red in 100ml of methanol. Approximately 7-8 
drops of bromocresol green and methyl red indicators were added into conical flask 
containing 25ml of 4% boric acid. Finally, titration value detected by using hydrochloric acid 
drop by drop until constant titrate detected. All samples, including blank, were analyzed in 
duplicate.  
 
The protein content of each sample was calculated using the below calculation:  

% Protein  =   
     (      )    (           )

  
      . Where: 870.18 is a multiplication factor to 

convert titer to % as standard. W1 = sample weight (g), W2 = blank weight (g), W3 = 
sample/blank titer  (Mlay et al., 2007) 
  
CRUDE LIPID  
The crude lipid content of the experimental diet, feed, and fillet were determined using the 
Soxhlet method, extraction with petroleum ether. In the process, extraction cups were dried 
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in an oven and 2g of the sample was added into a cellulose thimble. Then, an empty beaker 
was filled with 80ml of petroleum ether. The beaker, together with thimbles, was sealed 
using an aluminum sheet to prevent the solvent from evaporation and allowed to stay 
overnight. Then the thimble was removed from the beaker, and petroleum ether was poured 
into the extraction cup and placed into a rotatory evaporator to separate the lipid from the 
solvent. Subsequently, the cups were dried in an oven at 120ºC for two hours and then 
allowed to cool off in a desiccator before weighing. The samples in the thimble were kept for 
crude fiber analysis (Taufek, 2016). 

% of crude lipid were calculated as :  
(       )

  
      . Where: W1 = weight of sample, W2 = 

weight of extraction cup initial, W3 = weight of extraction cup final. 
 
DRY MATTER   
The dry matter was determined by weighing empty dried crucible (W1). Approximately, 2g 
of sample was added into the crucible. Both the crucible + sample were weighed (W2), then 
the sample was placed into oven at 105oC for 24hours to obtained constant weight. After 
24hours, the sample + crucible could cool in a desiccator, then weighed to obtained final 
weight (W3).  
Dry matter was calculated by using the following formula: 

Dry matter  =  
(       )

       )
       Where : W1 = weight of empty crucible, W2 = weigh of 

crucible + sample, W3 = weight of crucible + sample after 105oc 
 
ASH CONTENT 
The ash content was determined by drying the samples derived from the dry matter in a 
muffle furnace (Naberthern) at 600oc overnight. Then the sample was cooled in a desiccator 
and reweighted to determine the ash content, calculated using the formula as follows: 

 Ash content %  =   
(       )

(       )
      .Where W1 = weight of empty crucible, W3 = weight of 

crucible + sample after drying at 105oC, W4 = weight of crucible + sample after drying at 
600oC. 
 
CRUDE FIBER  
The crude fiber was estimated using a defatted sample derived from crude lipid analysis. 
Fiber capsules together with lids was weighed. Approximately 0.60g of  sample were 
weighted, then put into the fiber capsules, then the lid secured. Extraction vessel with 350ml 
of 1.25% sulphuric acid was placed on a hot plate, heated to boil. Then the capsule tray 
along with fiber capsules containing the samples was placed in the carousel and put on the 
stopper to lock the capsules in place. The extraction carousel was partially lowered into the 
boiling reagent enough to immerse the samples. Gentle boiling was carried out for 30 
minute and after 5 minutes of boiling the carousel was removed from the extraction vessel 
and washed 3 times with fresh hot water each time. Then the extraction vessel was washed 
and filled with 350ml of 1.25% of sodium hydroxide on a hot plate and boiled. The same 
procedures as sulphuric acid were repeated. Then the capsules were dried in an oven at 
130ºC for 2 hours. They were then cooled off in a desiccator and weighed. The weighted 
sample were placed in pre-weighed and pre-dried crucibles for ashing procedure at 600ºC 
for 4 hours. Then cooled off in a desiccator before reweighing to determine the crude fiber 
content. 
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Crude fiber was calculated as: % crude fiber =  
      (      )   (      )

  
       

Where: W1 = initial capsule weight (g), W2 = sample weight (g), W3 = capsule + residue 
weight (g), W4 = Empty ashing crucible (g), W5 = total ash (g), C = blank correction for 
capsule solubility, D = capsule ash (g). 

Nitrogen-free extract was calculated as 100 – (%CP + % crude fiber, % crude ash, % 
moisture, % crude fat) (Taufek, 2016). 
 
Data analysis 
All data were subjected to one-way analysis of variance (ANOVA) using SPSS version 22.0. 
the difference between means were compared by Duncan’s post hoc test at 5% (P<0.05) 
probability level. Data are presented as means ± standard error of mean  
 
RESULT  
 
Effect of mycelial biomass of Ganoderma lucidum on red hybrid tilapia body composition 

Table I: indicate proximate composition of dried raw feed ingredients. While the fillet 
nutrient composition of fish fed with a dietary supplement of MBGL were summarized in 
table II. During the feeding trial, it is noticed that tilapia body protein increases with an 
increase in the dietary supplement. However, fish fed with the highest diet (15g/kg) 
accumulated more protein (87.61) P<0.05 compared to control and other treatment groups. 
An increase in dietary supplements did not influence the body's lipid content and an ash 
content of the fish. The body moisture content appears to be relatively the same between 
control, 5g/kg diet, and 10g/kg diet. However, the moisture content is slightly higher in the 
15g/kg diet (table 3.0). The energy content of the body showed no significance difference 
between the treatments and the control group (P>0.05). table 3: indicates proximate 
composition of experimental diet.  

 
 

Table 1: Proximate composition of dry feed ingredients.  

Diet   Protein% Fiber% Carbohydrate   Ash% Lipid% 

Fishmeal 54.29  14.54  5.6  23.16     2.41 
Soybean meal 43.01  9.64  40.04  5.16  2.14 
GL Biomass 32.23  13.80  48.38  1.14  4.45 
Rice bran 11.23  19.40  55.30  5.3  8.76 
Corn meal 6.64  9.81  79.23  1.73  2.60 

Table 2: Nutritional composition of mycelial biomass of G. lucidum (experimental diets)  

Nutrient   Control  5g/kg  10g/kg  15g/kg 

Protein   37.86  33.51  35.36  31.78 
Fibre    1.63  1.22  1.28  1.65  
Carbohydrate  29.47  17.18  19.24  20.92  
Lipid   6.29  5.25  5.26  5.82    
Ash   12.00     12.20  12.61  12.59     
Dry Matter   87.25  69.36  73.75  72.76 
Moisture   12.75  30.64  26.25  27.24 
Gross energy (kJ/g)  13.88  10.83  10.96  11.27 

1Gross energy were calculated by multiplying generalized physiological value of protein (19kJ), NFE (15kJ) and 
lipid (36kJ). Energy contributed by protein calculated as (%) of protein x 19 = x, NFE (%) x 15= y and lipid (%) x 
36 = z [GE kJ/g = (X+Y+Z)/100 (Natarajan, 2006) 
2Carbohydrate calculated as 100 – (%CP + % crude fiber, % crude ash, % moisture, % crude fat) (Bhuyain et al., 
2019; N. M. Taufek et al., 2016). 
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Table 3: Nutritional composition of fish fillet fed with experimental diets. 

Nutrient (g/100g)    Control  5g/kg  10g/kg  15g/kg 

Protein   81.86±1.73b 86.76±0.49a 86.77±1.86a 87.61±2.03a 
Lipid   1.44±0.00c 1.45±0.03c 1.52±0.02b 2.05±0.00a 

Ash   6.67±0.22ab 6.92±0.08a 6.34±0.23b 6.68±0.08ab 

Carbohydrate   10.00±00a 4.21±00c 5.15±00b 2.92±00d 
Fibre    0.03±00c 0.66±02c 0.22±00c 0.74±00c  
Dry matter   95.27±0.36a 94.94±0.23ab 95.62±0.03a 94.62±0.06b 
Moisture   4.73±0.37ab 4.80±0.21ab 4.38±0.03b 5.38±0.06a  

Energy (kJ/g)  17.57±00a 17.63±00a 17.80±00a 17.82±00a 

1The result above represent mean ± SEM of three (3) fish per tank with total of 6 fish per treatment 
2Mean value between each treatment with different superscript are significantly different (P<0.05). 
3All values were expressed in (g/100g), except for energy expressed as (kJ/g). 
 

DISCUSSION  
Proximate composition remains a vital parameter of concern in fish nutrition studies due to 
their imaging importance associated with product quality. The whole-body protein of the 
hybrid tilapia might be affected by an increased in the dietary supplement at each phase of 
the experiment. This indicates that protein synthesis is presumably promoted due to the 
supplement (Van Norren et al., 2009; Xiao et al., 2019). The result from this study correspond 
with previous studies which use the mushroom as a dietary supplement on tilapia 
fingerlings. This, in turn, has increased fillet protein with an increase in the dietary 
supplement (Din et al., 2012). An increase in protein content of fishes is due to the presence 
of considerable amount of protein in a diet (Muttharasi et al., 2019). Several dietary 
supplements significantly increase body protein and this were studied by (Obasa et al., 2011; 
Sotolu, 2009). It has been reported that commonly used dietary supplement effectively 
improved nutritional value of fish meat (Godoy et al., 2019). 
 
The ash content of the fillet did not vary considerably between the treatment and control 
concerning their nutritional intake. An increase in lipid was observed in 15g/kg diet. The 
increase in lipid content of this group might be due to the role of MBGL. As presented in 
table 3.2. MBGL consist of 4.45% lipid content, increase in concentration of dietary 
mushroom as prebiotic can influence whole fish body composition (Din et al., 2012). This 
increase in lipid deposition was similar to previous studies that  uses lysine as a dietary 
supplement and increase in lipid were observed as increase in concentration (Michelato et 
al., 2016). However, there are no differences between the remaining treatments and control. 
(The relationship between tilapia body lipid and carbohydrate intake in feed has been 
reported, and optimal dietary protein in aquaculture was studied by Jiang et al., 2016; 
Nwanna, 2016; Ogunji et al., 2000; Rahimnejad et al., 2015; J. Wang et al., 2016.)  
 
The carbohydrate content was calculated by subtraction and appear to be higher in control 
compared to the treatment due to the lower content of total protein. Moisture and dry 
matter were not affected by the dietary supplement both between and within the treatments 
group. The energy content of the body showed isocaloric energy retention, there is no 
significant difference between the treatments and control. The energy content recorded in 
this study is comparable to that of  De Silva et al., (1989) who recorded 17kJ/g energy 
content in tilapia and Muttharasi et al., (2019) recorded 16kJ/g in Cyprinus carpio. However, 
this is higher to that of Hua et al., (2019) who recorded 7.0kJ/g in Nile tilapia after 
supplementation of 1.3% lysine for 12 weeks. This reveal that optimum protein-energy 
ration significantly varies between each species (Ogunji et al., 2000). A greater proportion of 
energy mostly used in metabolism and less amount used for growth (Azevedo et al., 2004; 
Hua et al., 2019).  
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According to data presented in Table 3.2. (the proximate composition of all feed 
ingredients), the mycelial biomass of Ganoderma lucidum (MBGL) found to have 32.23% 
protein, 13.80% fiber, 48.38% carbohydrate and 4.45% lipid content. The supplementation of 
this diet into tilapia feed can improve the fish body composition, organosomatic indices, as 
well as hematological indices of the fish. According to Mjoun (2010), mycelial biomass 
of Ganoderma lucidum can be used as feed additives in tilapia feed because tilapia tolerate 
high dietary fiber and carbohydrate than other types of fish cultured (Mjoun et al., 
2010).  Hence digest and assimilate nutrients into flesh (Mehana et al., 2015). Maximum 
growth can be achieved in tilapia by using diet containing 30% of the protein in that the feed 
conversion efficiency increased at least 20-30%. However, The protein efficiency ratio in 
tilapia decrease with an increase in dietary protein level above 40-50% protein in a diet 
(Siddiqui et al., 1988). Lipid content of mycelial biomass provides energy, phospholipids, 
fatty acid, sterol and fat-soluble and vitamins to tilapia, and it also helps in maintaining 
structural components of a cell membrane in fish (Wong et al., 2012). However, excessive use 
of lipids in tilapia feed can leads to the inappropriate deposition of fat (Mohanta et al., 
2008).  Interestingly, throughout this feeding trial (42 days), no mortality was observed 
(100% survival) which might be due to the role of mycelial biomass of GL by stimulating the 
activity of the immune system. The result obtained from this study agrees with Gurusamy 
(2019), who recommended that feed enriched with mushroom might increase disease 
tolerance capacity in fish. An increase in fish survival rate indicates adequate utilization of 
diet enriched with mushroom supplements and can be used as an alternative to hazardous 
chemotherapeutics agents in aquaculture (Chelladurai et al., 2019). Mushroom contains 
antitumor, antiviral, antimicrobial, immunostimulant, and antioxidants properties. Due to 
these awareness mushroom gradually get acceptance in aquaculture (Van Doan et al., 2019). 
 
CONCLUSION  
The potentiality of mycelial biomass of GL has been evaluated in this study after 42 days of 
feeding trial. The MBGL consists of a variety of bioactive compounds suitable for enhancing 
aquatic productivity in aquaculture, including protein 32.23%, lipid 4.45%, fiber 13.80%, ash 
1.14%, and carbohydrate 48.38% (Table 3.3). It also consists of different classes of sterol, 
amino acid, vitamin B complex, riboflavin B2, Niacin B3, pantothenic acid B5, ergosterol D2 
and minerals such as copper, selenium, and potassium (Martinez-Montemayor et al., 2019). 
Majority of current studies focused on evaluating the effect of mushroom on fish growth 
performance, deliberating protection against aquatic pathogenic organism by enhancing the 
immune  response of fish.  
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