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ABSTRACT 
This study was carried out to evaluate the effects of dietary supplementation of 

exogenous enzymes (protease or carbohydrases) at o.1gm/kg on growth performance, whole 
body composition, serum metabolities and enzymes activity of Nile tilapia fingerlings. One 
hundred ninety six (196) Nile tilapia fingerlings were allocated to seven dietary treatment 
groups. Each treatment was duplicated and had an average body weight of 10.14 gm/fish and 
ranged from 8 to 11 gm. Nile tilapia fingerling groups were fed control diet(G1) contained 32% 
CP and 3000 kcal DE/kg, group 2 (G2) control diet supplemented with protease enzyme, group 
3 (G3) control diet supplemented with NSPases enzymes (β-glucanase, β-mannase, xylanase, 
pectinase, cellulase and hemicellulase), group 4 (G4) low CP diet (30%), group 5 (G5) low CP 
diet (30%) supplemented with protease, group 6 (G6) low DE diet (2900 kcal/kg) and group 7 
(G7) low DE diet (2900 kcal/kg) supplemented with NSPases for aperiod of 84 days. Growth 
performance (body weight (BW), body weight gain (BWG),feed consumption (FI), feed 
conversion ratio (FCR), protein efficiency ratio (PER) and specific growth rate (SGR)), whole 
body composition (moisture, crude protein, ether extract and ash), serum metabolities (total 
protein, albumin, globulin, creatinine and urea) and enzymes activity (ALT and AST)were 
determined. The results indicated that control diet supplemented with NSPases enzymes (G3) 
significantly (p<0.05) improved growth performance parameters of Nile tilapia fingerlings (BW, 
BWG, FCR). In conclusion, supplementation of carbohydrases enzymes to the control diet (32% 
CP and 3000 kcal DE/kg) had a significant effect on body weight and body weight gain and 
decreased feed conversion ratio. Also, Nile tilapia can tolerate diets with low CP (30%) and low 
DE (2900 kcal/kg diet) supplemented with protease and carbohydrases respectively. 

Keywords: protease, carbohydrases, growth performance, Nile tilapia. 
 

      
INTRODUCTION 

 

It has been reported that the aquafeeds 
constitute 50-60% of return cost in intensive 
aquaculture production and protein is the most 
expensive component of the feed. Fish meal 
has been considered traditional and one of the 
main protein sources in aquafeeds and fishmeal 
content ranging from 30-50% because it is 
considered a good source of essential amino 

acids, essential fatty acids, high nutrient 
digestibility, general lack of anti-nutritional 
factors (ANFs) and palatable (Davies and 
Gouveia, 2008; NRC, 2011; Tacon and 
Metian, 2013). The increasing cost of fish 
meal is a limiting factor that affect continuous 
supply of fish meal to support aquaculture 
growing production. Therefore, fish meal has 
moved from being a commodity to a 
specialized ingredient due to the increasing 
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demand and the unstable supply as the amount 
of whole fish used to produce fish meal has 
been decreased (IFFO, 2013).  

As a result, researchers and aquaculture 
industry have focused on the identification and 
the use of suitable and cost-efficient 
ingredients as alternative to fish meal (Adeoye, 
2016). Grains and oilseed by-products are 
among the most promising alternative 
ingredients for diets of cultured fish species in 
the future. This is due to their certain 
characteristics including their low cost, 
increasing abundance, ability to increase 
production, greater sustainability and lower 
health risks than other alternatives (Hardy et 
al., 2009). However, it has been investigated 
that grains, oilseed by-products and some 
plant-derived feedstuffs have some 
disadvantages making them not fully suitable 
for use in aquafeed as substitutes for fish meal. 
Plant-derived feedstuffs contain much more 
indigestible organic matter present in form of 
insoluble carbohydrates (non-starch 
polysaccharides (NSP)) and fiber compared to 
fish meal, resulting in increasing levels of 
excretion and waste products from fish into the 
environments (Adeoye, 2016). 

It has been demonstrated that exogenous 
digestive enzymes as feed additives have the 
ability to deactivate ANFs, optimize nutrient 
utilization and also lower P and N excretion 
into the environment. Moreover, exogenous 
enzymes are harmless, environmentally friend, 
natural and represent the most powerfull tool of 
all the methods and techniques used for 
improving nutritional value of plant materials. 
Also, they consider a natural way of converting 
complex feed components into more 
absorbable nutrients (Kumar et al., 2012b; 
Castillo and Gatlin, 2015). Proteases are 
protein-digesting enzymes that have the ability 
to degrade protein-based ANFs (lectins  or 

trypsin inhibitors) resulting in a fast absorption 
rate and increased growth rate (Isaksen et al., 
2010). Carbohydrases or NSP-degrading 
enzymes (e.g. cellulase, xylanase, β-glucanase, 
α-amylase, etc) are enzymes that have the 
ability to disrupt plant cell wall integrity  
and reduce molecular weight characteristics  
of NSPs. So, this results in a rapid digestion 
by reducing viscosity in the gut and increase 
digestibility of energy-yielding nutrients 
(Castillo and Gatlin, 2015). 

Therefore the objectives of this study 
were to determine the effects of enzymes 
supplementation (protease or carbohydrases) to 
Nile tilapia fingerlings diets (basal control diet, 
low crude protein (CP) diet supplemented with 
protease enzyme and low digestible energy 
(DE) diet supplemented with carbohydrases 
(NSPases) on growth performance and general 
health. 

 
MATERIALS AND METHODS 

 
1. Diet preparation: 

In this study, seven dietary treatments 
were used (Table 1), group 1 (control diet) 
contained 32% CP and 3000 kcal DE/kg, group 
2 control diet supplemented with protease 
enzyme, group 3 control diet supplemented 
with NSPases enzymes (β-glucanase, β-
mannase, xylanase, pectinase, cellulase and 
hemicellulase), group 4 low CP diet (30%), 
group 5 low CP diet supplemented with 
protease, group 6 low DE diet (2900 kcal/kg) 
and group 7 low DE diet supplemented with 
NSPases. The enzymes were added at 0.1 
gm/kg. Diets were prepared in the form of 
water stable pellets of 2-3 mm and stored in 
plastic bags in refrigerator during the time of 
use. 
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2. Experimental design: 

One hundred ninty six (196) Nile tilapia 
fingerlings were set for seven dietary 
treatments. Each treatment was duplicated and 
had an average body weight of 10.14 gm/fish. 
Fish were stocked in 14 glass aquaria (80 cm 
length, 35 cm width & 40 cm height) 2 aquaria 
per treatment. Daily feed intake (on air-dry 
basis) was introduced to fish at 3% of 
BW/fish/aquarium thereafter, fish were fed 
twice daily (at 9:00 am & 3:00 pm) to 
minimize over feeding and waste of feed in the 
aquarium. During the experiment, photoperiod 
used was 8 to 12 hrs light/12 hrs dark cycle and 
the temperature during the experiment was 
fluctuated between 24 to 28ºC. Each aquarium 
was cleaned day by day with partial 
replacement with tap water in which 
dechlorinating agent was added. The 
experiment extended for 12 weeks. 

 

2.3.Samples collection and chemical 
analysis: 

Samples of experimental diets were 
analyzed for moisture, crude protein, ether 
extract, and ash by standard methods according 
AOAC (1995).Random fish (6 fish/group) 
were collected at the end of the experiment. 
These fish samples were minced, dried at 70 Cº 
for 72 hrs to be analyzed for whole body 
chemical composition (moisture, DM, CP, EE 
and ash) according to AOAC (1995).  
Also, blood samples were collected from 6 
random fish of each group at the end of the 
experiment from the heart. Blood samples were 
coagulated, the sera obtained were centrifuged 
at 3000 rpm for 15 minutes. The collected  
sera were frozen at -20 Cºin a deep freeze until 
used for biochemical determination of serum 
total proteins (Yatzidis, 1987), albumin 

(Young, 2001), alanine aminotransferase 
(ALT), aspartate aminotransferase (AST) 
activities (Tietz, 1986), urea and creatinine 
(caraway, 1963) using prepared analyzing 
chemical kits, after the instructions of the 
producer (Vitro and Diamond). The difference 
between total proteins and albumin was 
calculated as globulin concentration. 

 

2.4. Growth Parameters Measurements: 

The following equations were used to evaluate 
fish growth performance: 

Weight gain (gm) = Mean final weight 
(gm) - Mean initial 

FCR = Feed intake (gm) / Weight gain 
(gm) 

PER % = Weight gain (gm) / protein 
intake 

SGR % = (Ln (W2) – Ln (W1) / t x 100 

Feed intake was calculated as the total 
weight of diet introduced in a period of time (2 
weeks) divided by the weight of survival fish in 
the aquarium. 

 

2.5. Statistical Analysis: 

The results were subjected to a one-way 
ANOVA to test the impact of supplementation 
of exogenous enzymes (protease or 
carbohydrases) to Nile tilapia diets on growth 
performance, whole fish body composition, 
serum metabolities and enzymes activity. Data 
were analyzed using statistical SPSS v20 
(SPSS Inc., Chicago, IL, USA). Differences 
between dietary groups means were compared 
using Duncan’s multiple range test. Differences 
due to dietary treatments were considered 
significant if P-value for the effect was < 0.05. 
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RESULTS 
 

At the end of the experiment (84 days 
period) most of fish were survival and 
mortality percentage were negligible. The 
growth performance parameters of the fish 

groups fed the experimental diets are presented 
in Table 2. Theproximate chemical 
composition of whole body of Nile tilapia 
fingerlings is presented in Table 3. Serum 
metabolites and enzymes activity of Nile tilapia 
fingerlings are presented in Table 4. 

Table 1. Ingredients percentages and nutrient composition of the experimental diets. 
 Group 

1 
Group 

2 
Group 

3 
Group 

4 
Group 

5 
Group 

6 
Group 

7 
Ingredients (%) 
Corn, yellow 14.48 14.48 14.48 17.06 17.06 14.53 14.53 
Wheat bran 32.5 32.5 32.5 34.44 34.44 33.85 33.85 
Soybean meal 47 34.6 34.6 34.6 30.0 30.0 36.55 36.55 
Fish meal 10.0 10.0 10.0 9.5 9.5 9.1 9.1 
Corn gluten meal 3.0 3.0 3.0 3.0 3.0 2.0 2.0 
Soybean oil 1.65 1.65 1.65 2.2 2.2 0.19 0.19 
Gelatin 2.0 2.0 2.0 2.0 2.0 2.0 2.0 
Min.&vit.premix** 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
Common salt 0.50 0.50 0.50 0.50 0.50 0.50 0.50 
Vit C 0.05 0.05 0.05 0.05 0.05 0.05 0.05 
Antioxidant 0.02 0.02 0.02 0.02 0.02 0.02 0.02 
Methionine 0.19 0.19 0.19 0.22 0.22 0.21 0.21 
Protease -- 0.1 gm/kg -- -- 0.1gm/kg -- -- 
NSP enzymes -- -- 0.1gm/kg -- -- -- 0.1gm/kg 
Chemical composition 
Crude protein%*        32.13 32.13 32.13 30.15 30.15 32.07 32.07 
DE(Kcal/kg)*           3000 3000 3000 3000 3000 2900 2900 
Crude fat%                6.15 6.15 6.15 6.22 6.22 6.11 6.11 
Crude fiber%            4.84 4.84 4.84 4.93 4.93 5.02 5.02 
Ash%                  5.88 5.88 5.88 5.65 5.65 5.87 5.87 
Calcium%               0.66 0.66 0.66 0.63 0.63 0.62 0.62 
Phosphorus%          0.94 0.94 0.94 0.92 0.92 0.93 0.93 
Chemical analysis 
Crude protein% 31.60 31.60 31.60 29.75 29.75 31.98 31.98 
EE% 9.22 10.78 10.84 11.71 11.71 9.31 9.31 
Ash% 7.61 7.31 6.93 6.95 7.54 6.95 8.52 
Moisture% 9.17 9.24 8.52 11.15 9.88 8.93 8.87 

* DE (kcal/kg) and Crude protein%values are calculated from the feed composition tables, nutrient requirement of fish (NRC, 1993). 
**Trace minerals & vitamins premixes were supplemented to cover the levels of the microminerals & vitamins for tilapia fish as 

recommended by (NRC, 1993).Vitamins premix (IU or mg/kg diet); vit. A 5000, Vit. D3 1000, vit. E 20, vit. k3 2, vit. B1 2, vit. 
B2 5, vit. B6 1.5, vit. B12 0.02, Pantothenic acid 10, Folic acid 1, Biotin 0.15, Niacin 30.Mineral mixture (mg/kg diet); Fe 40, Mn 
80, Cu 4, Zn 50, I 0.5, Co 0.2 & Se 0.2. 
G1 = Control diet (32% CP, 3000 kcal DE/kg)  G2 = Control + protease 
G3 = Control + NSPases G4 = Low CP (30% CP)   
G5 = Low CP + protease G6 = Low DE (2900 kcal/kg) 
G7 = Low DE + NSPases 
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Table 2. Allover effect of dietary supplementation of exogenous enzymes (protease or carbohydrases) 
on growth performance parameters (Means ± standard error) of Nile tilapia (O. niloticus) 
fingerlings, (12 weeks period). 

Experimental diet 

G7 G6 G5 G4 G3 G2 G1 Items 

10.13±0.34 10.15 ± 0.35 10.14±0.36 10.15 ± 0.35 10.14 ± 0.39 10.13±0.38 10.14±0.36 Initial BW (gm) 

38.67b±1.85 37.28b±1.61 38.76b±1.11 37.12b±1.79 43.40a±1.62 40.09ab±1.27 39.05b±1.75 Final BW (gm) 

28.54b±0.89 27.13b±0.82 28.62b±0.59 26.97b±1.19 33.26a±0.86 29.96b±0.73 28.91b±0.90 BWG (gm) 

58.80a±1.54 55.34b±1.29 58.96a±0.78 54.75b±1.46 59.53a±1.29 58.72a±0.96 55.80ab±1.42 Feed consumption (gm) 

2.06a±0.44 2.04a±0.038 2.06a±0.039 2.03a±0.053 1.79c±0.034 1.96ab±0.039 1.93b ± 0.039 FCR 

1.52c±1.54 1.53c±1.29 1.62b ± 0.78 1.64b±1.46 1.74a±1.29 1.60bc±0.96 1.62b±1.42 PER 

1.49±0.23 1.44±0.27 1.49 ± 0.26 1.43±0.30 1.61±0.24 1.52±0.27 1.49±0.23 SGR 

abc Means in each row followed by different superscripts are significantly different  (P<0.05). 
G1 = Control diet (32% CP, 3000 kcal DE/kg) G2 = Control + protease 
G3 = Control + NSPases G4 = Low CP (30% CP) 
G5 = Low CP + protease G6 = Low DE (2900 kcal/kg) 
G7 = Low DE + NSPases 

 
Table 3. Effects of dietary supplementation of exogenous enzymes (protease or carbohydrases) on 

proximate chemical composition of whole body of Nile tilapia (O. niloticus) fingerlings fed 
control, low CP and low DE diets for 12 weeks. 

Experimental diets 

Items G1 G2 G3 G4 G5 G6 G7 

Moisture% 74.41 ± 1.19 73.64 ± 1.12 73.63 ± 0.54 73.45 ± 0.59 73.81 ± 0.63 73.15 ± 1.22 75.16 ± 0.59 

DM% 25.69 ± 1.19 26.36 ± 1.12 26.37 ± 0.54 25.55 ± 0.59 26.19 ± 0.63 25.45 ± 1.22 25.84 ± 0.59 

CP% 15.93b ± 1.85 16.58a ± 1.50 16.37ab± 0.57 15.88b ± 0.67 16.14ab± 1.23 15.73b ± 0.56 15.95ab± 1.09 

Fat% 6.05b ± 0.60 6.21ab ± 0.53 6.44a ± 1.09 6.06b ± 1.21 6.37a ± 0.58 6.15ab ± 0.91 6.32a ± 0.56 

Ash% 3.71 ± 0.57 3.57 ± 1.12 3.58 ± 0.60 3.61 ± 1.21 3.68 ± 1.03 3.57 ± 0.60 3.57 ± 0.51 

abcdMeans in each row followed by different superscripts are significantly different  (P<0.05). 
G1 = Control diet (32% CP, 3000 kcal DE/kg) G2 = Control + protease 
G3 = Control + NSPases G4 = Low CP (30% CP) 
G5 = Low CP + protease  G6 = Low DE (2900 kcal/kg) 
G7 = Low DE + NSPases 
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Table 4. Effects of dietary supplementation of exogenous enzymes (protease or carbohydrases) on 
serum metabolites and enzymes activity of Nile tilapia (O. niloticus) fingerlings at the end of 
the experimental period (12 weeks period). 

Experimental diets 

G7 G6 G5 G4 G3 G2 G1 Items 

4.10a ± 0.13 3.19b ± 0.21 4.17a ± 0.026 3.42b ± 0.026 3.23b ± 0.27 3.52b ± 0.22 3.00b ±0.13 Total protein (gm/dl) 

1.83b ± 0.06 1.73b ± 0.122 2.01ab±0.093 2.23a ± 0.33 1.67b ± 0.17 1.74b ± 0.08 1.52b ±0.10 Albumin (gm/dl) 

2.27a ± 0.13 1.46b ± 0.088 2.16a ± 0.119 1.19c ± 0.35 1.56b ± 0.043 1.78b ± 0.31 1.48b ±0.23 Globulin (gm/dl) 

0.73 ±0.095 0.66 ± 0.00 0.69 ± 0.051 0.65 ± 0.078 0.72 ± 0.13 0.65 ± 0.037 0.72 ± 0.11 Creatinine (mg/dl) 

2.09 ± 0.58 2.12 ± 0.47 1.80 ± 0.58 2.01 ± 0.48 1.86 ± 0.37 2.03 ± 0.50 1.78 ± 0.65 Urea (mg/dl) 

9.00 ± 1.00 6.7 ± 1.25 8.5 ± 1.50 7.5 ± 1.50 7.23 ± 0.98 6.33 ± 2.20 7.00 ±1.00 ALT (U/L) 

83.75 ±5.25 79.00 ±10.00 70.25 ± 1.25 77.5 ± 11.5 78.00 ±11.00 76.00 ±13.00 84.00±5.00 AST (U/L) 

abcMeans in each row followed by different superscripts are significantly different  (P<0.05). 
ALT = Alanine aminotransferase AST = Aspartate aminotransferase 
G1 = Control diet (32% CP, 3000 kcal DE/kg) G2 = Control + protease 
G3 = Control + NSPasesG4 = Low CP (30% CP)  G5 = Low CP + protease 
G6 = Low DE (2900 kcal/kg)  G7 = Low DE + NSPases 

 

DISCUSSION 
 
Effect of dietary supplementation of 
exogenous enzymes (protease or NSPases) 
on growth performance: 

The growth data (BW development (gm), 
absolute BWG, FI, FCR, PER and SGR) of 
Nile tilapia fingerlings fed control diet (CP 
32% & 3000 kcal DE/kg) and diets with low 
CP level (30%) or low DE level (2900 kcal/kg) 
supplemented with exogenous enzymes 
(protease or NSPases) at 0.1 gm/kg diet are 
presented in Table 2. The means of intial body 
weight of the experimental groups of Nile 
tilapia fingerlings were not significantly 
different. There were no significant differences 
of the means of BW of Nile tilapia fingerlings 
fed the experimental diets supplemented with 
enzymes or not during the first 8 weeks of 
experiment. However, at the last 4 weeks of 
experiment, the best overall growth response 

was significantly (p<0.05) obtained in Nile 
tilapia fingerlings fed control diet 
supplemented with carbohydrases enzymes 
(G3). In addition, fish groups fed the low CP or 
low DE were the lowest (non significant) in 
growth response compared with the control 
group. Supplementing the diet with protease or 
NSPases enzymes improved growth 
development near to the result obtained by the 
control group. 
 
Effect of dietary supplementation of 
NSPases enzyme on performance: 

Allover effects of feeding low DE diet 
and low DE diet supplemented with NPSases 
of Nile tilapia on growth performance is 
presented in Table 2. The results showed that 
there were no significant differences in growth 
performance (BW, BWG, FCR, SGR) between 
control group and the groups fed low DE diets 
(G6, G7).The results of the present study 
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indicated that the best growth performance 
(BW, BWG, FCR) were observed in the group 
of fish fed the control diet supplemented with 
NSPases enzymes. 

With the same concept, Yildirim and 
Turan (2010)found a significant improvment 
in growth performance and feed utilization in 
African catfish fed diet supplemented with 
exogenous enzymes (Farmazyme® containing 
fungal xylanase, β-gluconase, pentosonase, β-
amylase, fungal β-gluconase, hemicellulase, 
pectinase and cellulase) at 0.5 and 0.75 gm/kg 
in comparison with control and o.25 gm/kg of 
carbohydrase supplemented diet. Also, it has 
been postulated that supplementation of 
exogenous NSP enzymes reduced the anti-
nutritional effect of NSP and thus increased 
growth for Japanese sea bass, large yellow 
croaker and tilapia (Zhang et al. 2009; Li et 
al. 2009).Moreover, Ai et al. (2007) observed 
that growth of Japanese seabass increased 
when fed diets supplemented with NPS 
enzymes (β-glucanase, pentosanase, cellulosase 
and xylanase), suggesting that NSP enzymes 
were effective to resist the anti-nutritional 
effect of NSP and increased growth. Also, 
NSP-degrading enzymes (e.g. cellulase, 
xylanase, etc.) are capable of disrupting plant 
cell wall integrity thereby reducing molecular 
size characteristics of NSPs. Consequently, this 
enhances rapid digestion by reducing viscosity 
in the gut (Zijlstra et al., 2010; Bedford and 
Cowieson, 2012). 

On contrary, Yigit and Olmez (2011) 
observed that cellulase supplementation in 
soybean-based meal and canola-based meal did 
not affect growth response of tilapia 
(Oreochromisniloticus). Also, Kazerani and 
Shahsavani (2011) showed no significant 
effects on growth rate and feed conversion of 
the carp fed diets supplemented with low level 
of carbohydrases (glucanase, xylanase, 
cellulase and hemicellulose), (0.25-1 gm kg-1 
feed), while higher level of the supplement (2-3 
gm kg-1 feed) reduced weight gain in a level 
dependent manner, although the reduction was 
not significant. However, it has been claimed 

that low levels of enzymes may increase 
viscosity of the digesta by increasing the 
soluble non-starch polysaccharides via 
solubilizing the insoluble carbohydrate 
fraction, resulting in reduced digestibility and 
absorption (Castanon et al., 1997). Mahmoud 
et al. (2014) recorded that the overall growth 
response of Nile tilapia fish obtained in control 
diet were better than those fed low DE diet 
supplemented with multi-enzymes and those 
fed control diet supplemented with multi-
enzymes. With this concept, it is worthy to 
mention that present experimental diets were 
formulated to contain considerable amount of 
wheat bran (32.5 to 34.44%) and soybean meal 
(30.0-36.55%) which contain high amounts of 
non-starch polysaccharides and anti-nutritional 
factors. 

 
Effect of dietary supplementation of 
protease enzyme on performance: 

Allover effects of protease 
supplementation on growth performance 
parameters are presented in Table 2. There 
were no significant differences in growth 
performance of Nile tilapia fish fed control 
(32% CP) diet supplemented with protease 
(G2) and the control group (40.09 vs 39.05 
gm). In spite of decreasing the dietary CP level 
from 32 to 30% (G4) body weight development 
did not significantly decrease, at the end of the 
experimental period, compared to the control 
group (37.12 vs 39.05 gm). However, 
supplementing the low CP diet with protease 
(G5) did not increase final body weight than 
that of the control group (38.76 vs 39.05 gm). 
This finding may indicate that protease 
supplementation of Nile tilapia diet could 
overcome an unconditional little decrease in 
total dietary CP with keeping expected rate of 
body development. 

In agreement with the present results, 
Adeoye et al. (2016) found that there were no 
significant differences (P>0.05) in growth 
performance and nutrient utilization between 
the fish group fed control diet and those fed 
diet supplemented with protease enzyme. Also, 
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Dalsgaard et al. (2012) showed that there were 
no significant differences in growth parameters 
including FCR on addition of protease to 
soybean meal diet in rainbow trout. Moreover, 
Ayhan et al. (2008) reported that addition of 
protease to soybean meal diets in seabream had 
no effects on growth and protein digestibility. 
However, Li et al. (2016) reported 
significantly better weight gain and FCR of 
shrimp fed a low fish meal diet supplemented 
with a protease compared to those fed the same 
diet without supplementation. Also, Li et al. 
(2015) detected that supplementing 175 mg/kg 
exogenous protease in pelleted diet containing 
30 gm/kg fish meal significantly increased WG 
and decreased FCR of tilapia. 

Furthermore, Chowdhury et al. (2017) 
studied the effect of protease enzymes 
supplementation with different levels (125, 150 
and 175 mg/kg) on juvenile Chinese mitten 
crab Eriocheirsinensis diets and those authors 
found that growth parameters (WG, FCR, 
SGR, survival and PER) were not different 
(p>0.05) among the treatments except for the 
feed intake per crab (FIC) fed the diet 
supplemented with 175 mg/kg protease which 
was lower than those fed positive control diet 
(high fish meal). However, Dias et al. (2012) 
found that growth performance of juvenile Nile 
tilapia were significantly improved (p<0.05) 
when fed 26% CP diet or 28% CP diets 
supplemented with 200, 400 and 600 mg/kg 
protease enzyme. Similarly, Ragaa et al. 
(2017) showed that growth performance 
parameters of O. niloticus were significantly 
(p<0.05) improved when 26% CP and 28% CP 
diets were supplemented with protease enzyme 
at 200 and 400 mg/kg in comparing with the 
non supplemented groups. Those authors 
reported that protease effect is likely to be 
more pronounced in a low level of crude 
protein diet. 
 
Effects of dietary supplementation of 
exogenous enzymes (protease or 
carbohydrases) on whole body composition: 

The proximate chemical composition 
(moisture, CP, fat & ash) of the whole body of 
juvenile Nile tilapia fish as affected by 
enzymes supplementation or feeding low CP or 
low DE diets is presented in Table 3. The 
results showed that there were no significant 
effects for exogenous enzymes 
supplementation to control diet or to diet low in 
CP level or DE on moisture percentages. There 
were no differences in DM percentages of the 
whole fish body of the different groups which 
ranged from 25.45% for the fish group fed the 
low DE diet (G6) to 26.37% for the fish group 
fed the control diet supplemented with protease 
(Table 3). Also, the highest value (6.44%) of 
the ether extract content of the whole body is 
reported for the fish group fed the control diet 
supplemented with protease (G3). Reviewing 
the whole data presented in Table 3 detected 
that composition of DM of the whole fish body 
(CP, EE and ash contents) were nearly similar 
in all fish groups fed diets supplemented or not 
supplemented with digestive enzymes. Adeoye 
et al. (2016) showed that supplementation of 
exogenous enzymes (protease or 
carbohydrases) did not affect whole body 
composition of tilapia or any of protein, ether 
extract or ash contents. However, body 
moisture content of tilapia fed the protease 
supplemented diet was higher (P<0.05) than 
those fed the control one. Furthermore, 
Khalafalla and EL-Hais (2013)showed that 
there was no effect on whole body composition 
(dry matter, protein, ether extract and ash 
contents) of Nile tilapia fingerlings fed diets 
supplemented with Nutrasexylam enzyme 
(mixture of β-xylanase and α-amylase) in 
comparison with control groups. Our results 
are in agreement with previous results reported 
by Lin et al. (2007) who showed that there 
were no significant differences (P>0.05) in 
whole body moisture, protein, total  lipid and 
ash of tilapia fish fed diets supplemented with 
exogenous enzymes (neutral protease, β-
glucanase and xylanase). Similarly, Yigit et al. 
(2016) found that there were no differences 
among rainbow trout fed diet supplemented 
with protease and control group in the body 
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composition (DM, crude protein, total lipid and 
ash). Moreover, Shi et al. (2016) observedno 
significant differences in whole body 
composition of gibel carp fed high fishmeal 
diet and low fishmeal diets supplemented with 
protease enzyme at different levels.  

However, it has been recorded that the 
body composition of fish is primarily 
influenced by diet composition, feeding 
practices and fish size and can be controlled 
through nutrition (Burtle, 1990). In addition, 
Danicke et al. (2003) concluded that the 
absolute amounts of protein which were 
synthesised daily and accreted in muscle 
increased with xylanase supplementation. 
Effects of dietary supplementation of 
exogenous enzymes (protease or 
carbohydrases) on serum metabolites and 
enzymes activity: 

Effects of feeding Nile tilapia fingerlings 
control, low CP and low DE diets 
supplemented with exogenous enzymes on 
serum metabolities and enzymes activity are 
presented in Table 4. The results showed that 
fish fed the low CP diet supplemented with 
protease (G5) had elevated serum total protein, 
albumin and globulin levels than other fish 
groups. Similarly, the fish group fed the low 
DE diet supplemented with carbohydrases (G7) 
had serum total protein, albumin and globulin 
levels higher than the other fish groups (fed the 
control diets). However, the results showed that 
there were no significant differences in serum 
levels of total protein, albumin, globulin, 
creatinine and serum urea between the fish 
groups fed control diet, enzyme supplemented 
control diets or low CP and low DE diets. Also, 
reviewing the results showed that serum 
alanine aminotransferase (ALT) and aspartate 
aminotransferase (AST) activity were not 
significantly different between all fish groups 
fed the experimental diets supplemented with 
enzymes or not for 12 weeks period. With the 
same concept, Ragaa et al. (2017) clarified 
that the protease supplementation had no 
significant effect on serum concentrations of 
creatinine, urea, ALT and AST compared with 

control groups of Nile tilapia fish. Our results 
were partially similar to that ofKhalafalla and 
EL-Hais (2013) whofound insignificant 
influence (p≥0.05) due to Nutrasexylam 
enzyme (mixture of β-xylanase and α-amylase) 
addition on serum parameters of proteins (total 
protein, albumin and globulin) and liver 
activity indices (AST and ALT activity). In 
addition, Mahmoud et al. (2014) showed that 
there were no significant differences in serum 
metabolites (total protein, albumin, uric acid, 
and creatinine) and serum activity of ALT and 
AST of Nile tilapia fish fed control diet, 
control plus multi-enzymes and low energy diet 
(2760 DE kcal/kg) with multi-enzymes. Also, 
Shi et al. (2016) detected no significant 
differences in serum total protein and albumin 
of gibel carb fed low fishmeal diets 
supplemented with different levels of protease 
enzyme and high fishmeal diet. On the other 
hand, Goda et al. (2012) found that total 
plasma protein and total plasma globulin levels 
were significantly (p≤0.05) highest in all 
treatments receiving mixture of Saccharomyces 
cerevisiae and exogenous digestive enzymes 
(pepsin, papain and α-amylase) supplemented 
diets. Therefore, digestive enzymes 
supplementation may be a way to improve 
nutrients metabolism for anabolic functions to 
improve growth and feed utilization. Helmy et 
al. (1974) postulated that the increase in serum 
protein would be resulted when anabolic 
processes exceeded catabolic ones and reserved 
protein is being produced in greater quantity to 
meet the increased metabolic requirements of 
fish. Thus, an increase in catabolic rate may be 
a cause of decrease in serum protein level and 
the cyclic nature of the total serum protein is an 
indicator of the changes taking place in the 
serum globulin fraction. 
 

CONCLUSION 
 

From the present study, it could be 
concluded that supplementation of 
carbohydrases enzymes to the control diet 
(32% CP and 3000 kcal DE/kg diet) had a 
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significant effect on body weight and body 
weight gain and decreased feed conversion 
ratio. Also, Nile tilapia can tolerate diets with 
low CP (30%) and low DE (2900 kcal/kg diet) 
supplemented with protease and carbohydrases 
respectively. 
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  مصر-  جامعة المنصورة - كلیة الطب البیطري -قسم  التغذیة وأمراض سوء التغذیة

 

درات     (ة لتقییم اضافة نوعین من الانزیمات   اجریت ھذه الدراس   ضم الكربوھی ات ھ روتین وانزیم انزیمات ھضم الب
 . جرام لكل كجم علف٠٫١بنسبة ) من غیر السكریات والنشا

ي    ١١-٨وزنھا یتراوح من ) سمكة١٩٦(اجریت التجربة علي مجموعة من اسماك البلطي النیلي        سمت ال  جرام ق
ة    سبع مجموعات متساویة في الوزن       تخدمت الاحواض الزجاجی دد  (واس ل مجموعة     )  حوض ١٤ع ین لك ع حوض بواق

ي        . اسبوع ١٢واجریت التجربة لمدة    )  سمكة بالحوض  ١٤( ضابطة الت دة للمجموعة ال ي ح لا عل ات ك تم اضافة الانزیم
ي  وي عل ام و % ٣٢تحت روتین خ ف  ٣٠٠٠ب م عل ل كج ضم لك ة ھ الوروي طاق و ك ضة  . كیل ة منخف تخدمت علیق واس

ة      %) ٣٠(ن  البروتی ة الطاق ف        ٢٩٠٠(وعلیقة قلیل ل كجم عل الوري لك و ك ا    )  كیل ات الیھم افة انزیم دون اض م   . ب ا ت كم
ام       روتین الخ ي الب ضة ف ة منخف روتین لعلیق ضم الب ات ھ افة انزیم روتین% ٣٠(اض ضم   ) ب ات ھ افة انزیم م اض وت

ضم        ة الھ ف     ٢٩٠٠(الكربوھیدرات لعلیقة قلیلة في طاق ل كجم عل الوري لك و ك اس  ). كیل م قی بوعین    : ت ل اس وزن ك  –ال
 كفاءة تحویل البروتین وفي نھایة التجربة اخذت عینات من دم الاسماك – نسبة تحویل العلف    –العلف المستھلك یومیا    

اتینین  – الجلوبیولین – الالبیومین –لفصل مصل الدم وقیاس كل من البروتین الكلي )  من كل مجموعة   ٦عدد  (  – الكری
ة   ) ٦عدد (كما اخذت عینات من الاسماك من كل مجموعة   . مات الكبد  وانزی –الیوریا   ن الرطوب لقیاس مكونات الجسم م

  .والدھون والرماد

 

ي             وي عل ي تحت ضابطة الت درات للمجموعة ال ام و   % ٣٢اضافة انزیمات ھضم الكربوھی روتین خ و  ٣٠٠٠ب  كیل
و        دلات النم سن مع وزن   (كالوروي طاقة ھضم لكل كجم علف أدت الي تح ادة ال ف     -زی ل عل دل تحوی ضل مع ضل  – أف  اف

جموعة الضابطة والمجموعات الخمس لم تسجل فروق معنویة واضحة في معدلات النمو بین الم    ). معدل تحویل بروتین  
دم      . الاخري  صل ال ات م م قیاس ي معظ حة ف ة واض روق معنوی سجل ف م ت د  (ل ات الكب اتنین -انزیم ا - الكری ین )  الیوری ب

ي      . المجموعة الضابطة والمجموعات التجریبیة الاخري     وبین ف ي والجل زیادة معنویة واضحة في مستوي البروتین الكل
ي المجموعة ا     دم ف سة  مصل ال روتین       (لخام ضم الب ات ھ افة انزیم ع اض روتین م ة الب سابعة   ) قلیل ة  (والمجموعة ال قلیل

درات        ضم الكربوھی ات ھ افة انزیم ة الاخري    ) الطاقة مع اض ات التجریبی ة بالمجموع ي     . مقارن ة ف روق معنوی د ف لا توج
  .ریبیة الرماد في جسم السمك المطحون في المجموعات التج- الدھون -نسبة البروتین الخام 

 

درات      ضم الكربوھی ات ھ شا    (اضافة انزیم سكریات والن ر ال ن غی دلات       ) م سین مع ي تح ي ادت ال ق البلط ي علائ ال
سم           ات الج د ومكون دم و الكب صل ال ي       . النمو دون تأثیر علي مكونات م ي المحافظة عل ات ادت ال افة الانزیم ا ان اض كم

  . علائق منخفضة في البروتین والطاقةمعدلات النمو في حالة تغذیة


