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SUMMARY

(initial mean weight 80 g) were examined in feeding trial for 55 days. A multi enzyme complex

(xylanase, amylase and protease) were used with two levels of fiber in the diet (5 and 9%), Eight

isonitrogenous and isoenergetic experimental diets were formulated to contain 5, 9 % fiber without

multi enzymes (T, and T,) and 5, 9% fiber with 2, 4, 6 % of the diets fiber multi enzymes. Each of the
eight dietary treatments was fed to triplicate groups of Clarias gariepinus raised in tanks (1x1.5x1 m) and
each tank was stocked with 20 fish. Clarias gariepinus fed the diets supplemented with enzymes had
significantly higher growth and feed intake compared to control groups (P < 0.05). Protein efficiency ratio,
feed conversion ratio and protein productive value were significantly higher in all enzyme complex groups (P
< 0.05). Exogenous enzymes significantly affected the whole fish body components (P < 0.05), the highest
quantity of fat contents was observed in treatments contained exogenous enzyme and high content of fiber
(9%) in contrast to T;. The blood parameters were also affected, as liver enzymes were decreased while total
protein and white blood cells were increased in treatments contained exogenous enzymes and low fiber. In
conclusion, the results suggested that enzyme supplementation can significantly improve growth
performance, feed utilization and health in African catfish Clarias gariepinus. The group fed 4% multi
enzymes complex with low fibers content (5%) showed the best results.

The effect of various exogenous enzymes on growth performance in African catfish Clarias gariepinus

Keywords: African catfish, exogenous enzymes, dietary fiber, growth performance, feed utilization and
blood parameters.

INTRODUCTION

In Egypt, as a source of meat, both marine and fresh water fish are of great importance. Of the 32
valid species of the genus Clarias, Clarias gariepinus is the most important species for aquaculture
recognized by Teugels (1984). It is probably the most widely distributed fish in Africa (Adham, 2002). It
is a carnivorous feeder and a general scavenger with a distinct propensity to graz on detritus and benthic
species (Bok and Jongbloed, 1984). The Clarias gariepinus catfish of Africa are freshwater fish. As they
grow rapidly, they are of great importance; they reach a large size, and edible fish have few spines in their
flesh. They can withstand a wide range of environmental conditions, including extreme and low oxygen
temperatures. The ability of carnivorous fish to use fibrous structures as an energy source is limited. In
their diets, carnivorous fish need high amounts of protein at a time when digesting plant feed stuff that
increases the cost of nutrition is an issue. This problem can be solved by complementary enzymes. Feed is
one of the major variable costs associated with feed culture systems; reducing feed costs will generate
substantial savings (Sookying and Davis, 2013). Due to increased demand, supply restrictions, and
increasing social and environmental issues about wild fish extraction practices, fish meal costs have
increased over time (Tacon and Metian, 2008). Various plant based products containing high protein
content are possible substitute sources of fish meal to grow safe and environmentally friendly aquaculture
(NRC, 2011).

Protein sources dependent on plants, such as soybean meal, canola meal, corn gluten meal, are
globally available and have a relatively low cost compared to fish meal. Most plant based feedstuffs, such
as soybean meal, rapeseed meal, maize gluten meal or wheat gluten, have a broad range of antinutritional
factors, such as phytin, non-starch polysaccharides (NSP) and protease inhibitors, which can hinder the
use of nutrients, fish efficiency, and digestive tract enzyme activities (NRC 2011; Castillo and Gatlin
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2015). However, its use in fish diets has been restricted to a comparatively high amount of fiber, which
would slow digestion and nutrient absorption because fish are unable to excrete cellulase and are unable
to effectively use complex fibrous carbohydrates as an energy source (Lindsay and Haris, 1980). It has
been demonstrated that exogenous enzymes increase the nutritional value of feed and reduce
environmental emissions in terrestrial animals (Gdala et al., 1997). Recently, dietary supplementation
with exogenous enzymes has also been implemented to improve feed consumption and increased fish
water contamination (Dawood et al., 2019). There are different forms of enzymes, including phytase,
xylanase, cellulase, lipase, protease, amylase, and many more, which can increase the availability of
nutrients, increase the rate of fish growth during digestion, and help fish live in the early stages of life. In
reality, it makes the goods more cost effective. In addition, the application of carbohydrases in
aquaculture feeding is still relatively new compared to the poultry and swine industry; it is likely that
carbohydrases can increase the use of nitrogen and amino acids by increasing access to protein for
digestive proteases (Tahir et al., 2008).

The purpose of the present study was to evaluate the effects of various supplemental exogenous
enzymes (xylanase, amylase and protease) with two levels of diet fiber content on the growth
performance and health in African catfish Clarias gariepinus.

MATERIALS AND METHODS

Experimental diets:

Experiments were conducted in this study using a combination of xylanase, amylase and protease as
exogenous enzymes in experimental diets. eight experimental diets, including (T1,T2) control groups, fed
on the basal diet only (5% and 9% fiber without exogenous enzymes, respectively); (T3) contain 5% fiber
and 2% exogenous enzymes; (T,) contain 5% fiber and 4% exogenous enzymes; (Ts) contain 5% fiber
and 6% exogenous enzymes; (Tg) contain 9% fiber and 2% exogenous enzymes; (T;) contain 9% fiber
and 4% exogenous enzymes; (Tg) contain 9% fiber and 6% exogenous enzymes where the aim was to
raise the sources of plant feeds as well as high fiber. All experimental diets were formulated to have equal
protein levels (32% protein) and isocaloric (4.65 Kcal/g). Mixture of enzymes was purchased from Multi-
vita Co., Giza, Egypt.

Ingredients were ground into fine powder, all the ingredients were thoroughly mixed with fish oil,
Mix enzymes and other additives and warm water was added to produce stiff dough and dried for about
48 hr. in laboratory. After drying, the diets were broken up and sieved into proper pellet size (1.5 x 3.0
mm and were stored until used. Each diet was assigned to triplicate groups of fish in tank.

Experimental procedures:

Experimental fish were obtained from a commercial farm in Fayoum governorate (Beside Qarun
Lake). Prior to the start of the experiment, Young cat fish (Clarias gariepinus) were reared in tanks
(1x1.5%1m), and fed a commercial diet for 2 weeks to acclimate to the experimental conditions. Then fish
were fasted for 24 hr. and weighed. Fish of similar sizes (80g) were randomly distributed into 24 tanks
and each tank was stocked with 20 fish, fish were hand fed at a rate of 3% of total biomass (9:30 and 1:30
h) daily. A sample of 10 fish at the initiation of the feeding experiment and 5 fish per tank at termination
were collected and stored frozen (=20 °C) for determination of proximate carcass composition. Proximate
composition analysis of feed ingredients, experimental diets (Table 1) and fish body were performed
according to AOAC (1995).

Analysis of water quality parameters:

Dissolved oxygen (DO), temperature, and pH were measured daily (Table 2) by an oxygen meter for
dissolved oxygen, The temperature is measured by an ordinary thermometer, pH was determined using a
pH meter (Digital Mini pH Meter, Model 55, and Water samples were taken to measure total ammonia-
nitrogen (TAN) every week. During the experiment period DO, temperature, pH, TAN, were maintained
within acceptable ranges (Boyd and Tucker 1998).
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Table (1): Formulation (g/kg) and chemical composition of experimental diets (% on DM).

Fiber level
5% of the diet 9% of the diet
Ingredient Exogenous enzymes (% of dietary Exogenous enzymes (% of dietary fiber)
fiber)

0 2 4 6 0 2 4 6
Yellow corn 326 325 324 323 102 100.2 98.4 96.6
Wheat bran 200 200 200 200 133 133 133 133
Rice bran 0 0 0 0 215 215 215 215
Cotton seed meal 177 177 177 177 350 350 350 350
Fish meal 252 252 252 252 155 155 155 155
Dried garlic 5 5 5 5 5 5 5 5
Salt 1 1 1 1 1 1 1 1
Vit & min premix’ 4 4 4 4 4 4 4 4
Dicalcium 5 5 5 5 5 5 5 5
phosphate
Fish oil 10 10 10 10 10 10 10 10
Molas( sugar beet) 10 10 10 10 10 10 10 10
Enzymes mixture 0 1 2 3 0 1.8 3.6 5.4
Starch 10 10 10 10 10 10 10 10
Total 1000 1000 1000 1000 1000 1000 1000 100
Proximate analysis (%):
Dry matter (DM) 88.12 88.03 87.94 87.85 88.21 88.05 87.89 87.73
Crude protein (CP) 31.98 31.99 32 32.02 32.01 32 31.98 321
Ether extract (EE) 4.74 4.74 4.73 4.73 5.53 5.53 5.52 551
Crude fiber (CF) 5.21 5.28 5.28 5.27 9.02 9.02 9.01 9.01
Ash 5.47 5.47 5.46 5.45 2.81 2.8 2.79 2.78
NFE? 52.53 52.53 52.53 52.52 50.62 50.64 50.62 50.59
Methionine 0.756 0.755 0.755 0.754 0.634 0.635 0.632 0.634
Lysine 1.941 1.941 1.941 1.943 1.743 1.743 1.742 1.741

?Krjf’/zs)f“ergy 1125 1123 1120 1121 1118 1125 1127  11.28

1: Each kg contains: 400000 U vit. D3, 2000000 IU vit. A, 300 mg vit K3, 4000 mg vit. E, 200 mg vit B1 , 800 mg vit
B2, 2.0 mg B12, 4000 mg nicotinic acid, 2000 mg pantothenic acid, 300 mg vit. B6, 200 mg folic acid, 10mg biotin,
100 mg choline

chloride, 1600 mg Cu, 156 mg I, 12800 mg Mn, 9000 mg Zn, 32 mg Se and 53 mg cobalt

2: Nitrogen free extract (NFE %) = 100 — Crude protein — Crude lipid — Crude fiber — Crude ash.

3: Energy values were 5.64, 9.44 & 4.11 k cal/g for protein, lipid and carbohydrates respectively, NRC (2011).

Table (2): Water quality parameters during 55 days of rearing period.

Parameter
Treatment -
Dissolved Temperature (C°) pH Total ammonia (mg/l)
oxygen(mg/l)

T, 6.78 25.53 7.25 0.033
T, 6.88 25.38 7.25 0.035
T, 6.90 26.2 7.34 0.034
T, 6.91 2570 7.3 0.033
T5 6.87 25.75 7.22 0.034
T6 6.83 25.81 7.31 0.041
T7 6.84 25.61 7.30 0.040
Tg 6.79 25.80 7.30 0.039

Blood sampling:

Five fishes from each treatment were randomly selected for the collection of blood at the end of the
experiment and collected from the caudal vein without anticoagulant by special syringe in small plastic
vials then transferred to Wassermann tubes. Blood was allowed to centrifuge at 3500 rpm for 20 minute
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to obtain serum (Mehrim et al., 2014). The serum samples were pipetted into Eppendorf tube, labeled
and stored in deep freeze at -20° C till assayed. Blood biochemical parameters were aspartate
aminotransferase (AST), alanine aminotransferase (ALT), total protein (Tp), albumen (Alb), globulin
(Glob) and white blood cells (WBS).

Growth and feed utilization parameters:
Parameters of growth performance and feed utilization were calculated as follows:
Weight gain (g) = final weight (g) - initial weight (g)

__ linlfinal weight)—In(initial weight)

Specific growth rate (5GR) = * 100

Rearing period (Days)

) _ final count

Survival (% = 100

initial count
Feed conversion ratio = L2 Eexe (9]

weight gain (g

Daily gain (DG), g = TG (g)/ Experimental period (day). Protein efficiency ratio (PER) = Weight gain, g /
Protein intake, g. Protein productive value (PPV) % = 100 (Retained protein, g / Protein intake, g).

Statistical analysis:
All collected data were analyzed according to PROC GLM (SAS, 2011) by the following model:
Yi = W+ Fi +Ej + (FE)i+ eijc

Where: Yy is the observation for a trait p: is the overall mean, F: the effect of i" dietary fiber, E: the
effect of j" exogenous enzymes level, (FE);: the effect of i" dietary fiber with the j™ exogenous enzymes
level and eijk: is the random error term. Duncan’s multiple range tests was used for the multiple
comparisons (Duncan, 1955).

RESULTS AND DISCUSSIONS

Growth performance:

Data on growth performance of African catfish (Clarias gariepinus) fed the experimental diets are
presented in Table (3).

Growth performance parameters(TG, ADG and SGR) were affected negatively (P<0.05) by increasing
fiber in the diet, there were no significant differences in survival rate as a result of fiber levels (5 or 9% of
the diet), and all growth parameters were improved significantly with increasing exogenous enzymes
mixture (xylanase, amylase and protease) levels compared with basal diets (T4, T,), WG, TG, ADG and
SGR were increased significantly with increasing dietary enzymes level compared with zero enzymes, the
best was a 6% mixture of enzymes. Also, there were no significant differences between zero enzymes and
2% mixture enzymes for survival rate.

With regard to the interaction between levels of enzyme and levels of fiber in the diet the results are as
follows; the best growth parameters such as WG, TG, ADG and SGR were recorded with T, followed by
Ts and Tg and the lowest was Ty, T,, while no significant differences were obtained between Ty, Ts, Ty, Ts
and Tg for survival rate.

Feed utilization:

Results of Table (4) clearly showed that 9% fiber in the diet decreased (P<0.05) feed consumption
compared with 5% fiber and in the same time the better (P<0.05) FCR was obtained with the level 5%
fiber. Moreover 5% fiber improved (P<0.05) the protein utilization parameters (PER and PPV). Adding
enzymes mixture increased (P<0.05) feed consumption and improved the FCR, PER and PPV. The best
FCR, PER and PPV were obtained by the 5% enzymes level while the worest ones were recorded for the
zero % enzymes level.

The interaction between fiber levels and enzymes showed that the highest feed consumption was
obtained for T; (9% fiber, 4% enzymes) whereas the lowest one was recorded for T, (9% fiber, zero%
enzymes).
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The best FCR was found with T, (5% fiber, 4% enzymes) while the worst was recorded for T, (5%

fiber, zero % enzymes).

Table (3): Effect of treatments on growth responses of Clarias gariepinus.

Treatment Initial weight, g Final weight, g TG, g ADG, g S. Rate SGR
Flber (F) *% *% *% *% NS *%*

Fs 80.42 159.25° 78.79° 1.43° 97.5° 0.54°
Fo 79.78 154.21° 74.43° 1.35° 97.9% 0.52°
Enzymes (E) ** *% *% *% *%* *%*

Zero (Eo) 81.14 147.20° 66.08° 1.21° 97.5" 0.47°
2 (Ey) 79.68 156.50° 76.84° 1.39° 97.5° 0.53°
4(E,) 80.03 160.90° 80.77° 1.46° 95.8° 0.55"
6 (Es) 79.55 162.30° 82.75° 1.50° 100.0° 0.56°
FXE *%* *%* *%* *%* ** **

T, 82.50 147.20f 64.75° 1.17° 95.0° 0.469
Ts 79.69 160.30° 80.71° 1.46° 95.0° 0.55°
T, 80.07 165.80° 85.55° 1.55°% 100.0° 0.57°
Ts 79.43 163.70° 84.17° 1.54° 100.0° 0.57°
T, 79.78 147.20 67.40 1.24° 100.0° 0.48
Ts 79.67 152.60° 72.98° 1.32¢ 100.0° 0.51°
T, 80.00 156.00° 76.00° 1.36° 91.7° 0.52¢
Ts 79.67 161.00° 81.33° 1.47° 100.0° 0.56°

T,=(5% fiber of the diet, zero exogenous enzymes), Ts=( 5% fiber of the diet, 2% of fiber exogenous enzymes), T, =(
5% fiber of the diet, 4% of fiber exogenous enzymes), Ts =( 5% fiber of the diet, 6% of fiber exogenous enzymes),
T,=( 9% fiber of the diet, zero exogenous enzymes), Ts=( 9% fiber of the diet, 2% of fiber exogenous enzymes), T,=(
9% fiber of the diet, 4% of fiber exogenous enzymes) and Tg=( 9% fiber of the diet, 6% of fiber exogenous enzymes).

Average in the same row having different superscripts differ significantly P<0.05.

Table (4): Effect of treatments on feed utilization efficiency of Clarias gariepinus.

Treatment Feed intake FCR PER PPV
Fiber (F) *% *% Kk *%
Fs 155.19° 1.98° 1.59 34.27°
Fo 150.89" 2.04° 1.54° 32.72°
Enzymes (E) ** ** ** **
Zero (Eo) 145.20° 2.19% 1.42° 31.85°
2 (Ey) 156.40° 2.03° 1.54° 33.15°
4(E,) 159.90° 2.01° 1.57° 32.49°
6 (Es) 150.60° 1.81¢ 1.72° 36.49°
FXE *%* ** *%* **
T, 149.00° 2.29° 1.36° 28.55"
Ts 167.80° 2.07¢ 1.52¢ 33.67¢
T, 150.50¢ 1.759 1.772 36.17°
Ts 153.40° 1.81" 1.72° 38.70°
T, 141.30" 2.09¢ 1.49° 35.16°
Ts 145.10° 2.00° 1.56° 32.63°
T, 169.30° 2.26° 1.38" 28.82"
Ts 147.80" 1.81" 1.72b 34.28d

Average in the same row having different superscripts differ significantly P<0.05

It is widely accepted that fibers are scarcely digested and ingested by fish, and fiber quantities are
extremely reduced even if digestion occurs. However, a certain amount of fiber in the feed should be
retained (Sun et al., 2019), with the gradual rise of plant parts of fish feed formulations, higher quantities
of fiber will naturally be added to the feed. Cellulose is the main component of plant fiber (Sinha et al.,
2011). On the other hand, cellulose plays a vital role in improving stickiness of the feed, stimulating
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peristalsis of the digestive tract and promoting the movement of feed, digestion and absorption, and the
required content of crude fiber differs greatly between species.

The challenge here is how to raise the plant ingredients in diets especially carnivorous fish without
any effect on growth performance. In this study, increasing the fiber level from 5 to 9% led to reduce final
weight in the rate of 3.16% (from 159.25 to 154.21) and specific growth rate 3.7(from 0.54 to 0.52), feed
conversion ratio was the best with 5% fiber compared with 9%.

According to Anderson et al. (1984) high levels of fibers may reduce the use rate of other nutrients.
Dioundick and Stom (1990) showed that the best FCR and PER were obtained with 2.5-5 %
supplemental fiber, but the growth has been inhibited by 10 % in the cellulose community, Adamidou et
al. (2011) indicated that up to 5 % fiber content does not affect the sea bream's growth efficiency or
nutrient digestibility. The results of this study regarding fiber content are very similar to previous reports.
On the other side currently, crude fiber content was assessed predominantly in carnivorous fish feed, and
no research evaluated the fiber demand in omnivorous feed.

With regard to enzyme effect, in the present study, fish fed the control diet showed lower growth
output than diets supplemented with exogenous enzymes, noting that dietary exogenous enzymes were
beneficial for the growth of African catfish Clarias gariepinus. Adding a mixture of enzymes led to a
higher improvement in FCR especially 6% exogenous enzyme (1.81).

Enzyme supplementation enhanced growth response and feed utilization, indicating that exogenous
enzymes have growth stimulating effects and are also successful in eradicating anti-nutritional aspects
and enhancing feed use. Several authors have demonstrated the impact of enzyme supplementation on the
growth and survival of several species of cultivated fish such as Drew et al. (2005); Debnath et al. (2005);
Lin et al. (2007); Yildrim and Turan, (2010a) and Yigit and Olmez (2011). In salmon Salmo salar
juveniles, positive effects on the growth and protein utilization were recorded when dietary pancreatic
enzymes were used (Carter et al., 1994). Usage of a commercial protease in rainbow trout increased the
nutrient digestibility of coextruded canola (rapeseed meal) and pea (1:1) (Drew et al., 2005).

Exogenous carbohydrase supplementation in plant based fish diets increases the digestibility of
nutrients and reduces nutrient excretion (Castillo and Gatlin, 2015). Carbohydrases include all enzymes
that catalyse a decrease in the molecular weight of polymeric carbohydrates, but in addition, two
dominant proteins, xylanase and glucanase account for more than 80% of the global carbohydrase market;
other commercially available carbohydrases include alpha amylase, f-mannanase, alpha galactosidase and
pectinase (Adeola and Cowieson, 2011). Improved weight gain, SGR, FCR and PER growth efficiency as
well as improved body composition along with nutrient utilization were observed in rohu (Labeo rohita
(Hamilton, 1822)) fingerlings by dietary incorporation of thermostable a-amylase (Ghosh et al., 2001).
Furthermore, carbohydrases can also enhance the use of nitrogen and amino acids by increasing protein
access for digestive proteases (Tahir et al., 2008).

Yildirim and Turan (2010a, b) indicated that supplementation with multi-enzyme complexes (fungal
xylanase, p-glucanase, pentosonase, alpha-amylase, hemicellulose, pectinase, cellulase, and cellubiase)
could significantly boost growth efficiency and feed use in juvenile tilapia (Oreochromis aureus
Steindachner, 1864) and African catfish (Clarias gariepinus Burchell, 1822). Currently, Ghomi et al.
(2012), Zamini et al. (2014) found a positive impact on the growth availability and feed efficiency of
African catfish (Clarias gariepinus), big sturgeon (Huso huso) and Caspian salmon (Salmo trutta),
respectively, by various commercial multi enzyme complexes (phytase, xylanase, glucanase, amylase,
cellulase and pectinase). However, no specified plant based feedstuffs have been used in any of these
studies. Moreover, Ai et al. (2007) found that Japanese sea bass (Lateolabrax japonicus) growth was
increased with the addition of carbohydrase enzymes (phytase, glucanase, pentosanase, cellulase and
xylanase) to diets where more than 40% of the protein was extracted from plant feedstuffs (soybean meal,
rapeseed meal, peanut meal and wheat meal), suggesting that in reducing the anti-nutritional effect of
NSP and improving fish efficiency, carbohydrase enzymes were successful. These results regarding
exogenous enzymes are also in agreement with some previous studies on Pangasius pangasius (Debnath
et al., 2005), Carias batrachus x Carias gariepinus (Giri et al., 2003), Oreochromis niloticus x O. aureus
(Lin et al., 2007) and rainbow trout (Farhangi and Carter, 2007).

Body chemical analysis:

Just as the growth of Clarias gariepinus is affected by the level of dietary fiber, the body chemical
composition also affected as a natural reflection of the effect of nutrition on the carcass composition. No
significant differences (P>0.05) were observed with regard to dry matter or total ash, while body protein
was negatively affected by increasing dietary fiber, where T, was the least body protein contrary to T,
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and these results agree with the work of Lin and Shiau (1995), who stated that body composition should
reflect the diets.

Data of Table (5) clearly indicated that exogenous enzymes concentration significantly affected the
whole fish body components (P < 0.05).

Including dry matter, crude protein and total lipids, the carcass chemical analysis of the whole fish
body was dramatically improved due to dietary enzyme supplementation. These results indicated that
supplementation of dietary enzymes improved protein synthesis and deposition in the fish 's body when
supplemented at optimum levels, increasing body protein content may be due to the higher degree of
digestive enzyme production and its beneficial effect on digestion and absorption in the fish gut (Ye et al.,
2011; Abdel-Tawwab and Monier, 2018). Dry matter was recorded as 30.05% (highest value) and
27.31% for treatment T, and Ty, the highest quantity of fat contents was observed in treatments, which
contains exogenous enzyme and high content of fiber (9%), while the lowest in body fat was T;. The best
in body crude protein was treatments T, and Ts followed by treatments T, T, and the least of them were
Ty, regarding ash content adding enzymes compared to the control groups (T4, T,) decreased significantly
contents of whole body ash which were 23.87 in T, (highest) then followed by other treatments.

Table (5): Effect of treatments on body chemical composition of Clarias gariepinus.

Treatment Dry matter Crude protein Total lipid Total ash
F|ber (F) ** ** ** **
Fs 28.41° 66.24° 11.65° 21.78°
Fo 28.31° 65.12" 12.25° 21.85°
Enzymes (E) *%* *%* *%* **
Zero (Eo) 28.68° 63.76° 11.57° 23.48°
2 (Ey) 28.24° 65.77° 12.08% 21.70°
4(E,) 27.89° 66.64° 11.83" 21.48°
6 (Es) 28.62° 66.54° 12.34° 20.62°
FxE ** ** ** *%
T, 27.31° 64.16° 11.26° 23.87°
Ts 29.09% 65.56™ 11.78° 22.18°
T, 28.25% 67.40° 11.60 20.92°
Ts 28.98% 67.82° 11.97° 20.17°
T, 30.05° 63.35° 11.89"¢ 23.09°
Te 27.40° 65.98" 12.37% 21.22°
T, 27.53" 65.89" 12.05%° 22.03°
Ts 28.26%° 65.25° 12.70% 21.07°

Yildirim and Turan (2010b) reported that body fat was increased in African catfish (Clarias
gariepinus) when exogenous enzymes are used to feed but this increase was not significant. Ghomi et al.
(2012) also concluded that sturgeon body fat, Huso huso; fingerlings enhanced the highest fat content
(34.53 %) when fingerlings were fed exogenous enzyme supplemented diets (500 mg / kg diet).
Improving the carcass chemical composition of Clarias gariepinus is often due to improved growth and
utilization of feed as many studies indicated in Common Carp (Cyprinus carpio Linnaeus, 1758)
Fingerlings (Patil et al., 2019); tilapia (Maas et al., 2018); Striped Catfish Pangasianodon hypophthalmus
(Khalil et al., 2018).

Hematological and biochemical blood parameters:

The blood measurements were affected by the level of fiber in the diets, it was improved by
decreasing fiber level, whether in the diets without enzymes (T, and T,) or that contain exogenous
enzymes. Data in Table (6) indicate that the adding of exogenous enzymes led to significant differences
among treatments, where results indicate an improvement in the treatments, which containing exogenous
enzymes, especially those containing lower levels of fibers compared to control groups (T4, T,). Plasma
total protein (TP), albumen (Alb), globulin (Glob) and white blood cells (WBCs) were significantly
((p<0.05) increased with increasing the level of exogenous enzymes. With regard to interaction between
fiber levels and adding enzymes, the results showed that the highest level of serum total protein was
observed in T4 while the lowest level was recorded in T, but no significant differences (P > 0.05) were
found in T3, Tsand Tg, T+
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In this study, the results indicated that T, recorded the highest level of AST followed by Tgand T, the
lowest level of AST was observed in Ts. In the other hand, treatment T, reflected the highest level of ALT
followed by Tg and Tg, while the lowest level of ALT was observed in Ts_ In this study, high level of
addition (exogenous enzymes) led to signicantly (p<0.05) decrease in blood index (ALT, AST) at the time
it led to an increase in blood index (TP, WBC),

Table (6): Effect of treatments on hematological and biochemical blood parameters of Clarias

gariepinus.

Treatment AST ALT WBC TP Alb(g/dl)  Glob(g/dl)
Flber (F) *% *% ** ** *% **%
Fs 38.91° 46.28"° 81.42°  50.91° 18.99° 31.76°
Fo 4436° 69.94%° 66.10°  46.87° 16.12° 30.67"
Enzymes (E) *k *k *% *% *% *%
Zero (Eo) 47.08* 61.30° 66.62°  47.07° 16.49¢ 30.64°
2 (Ey) 4557° 59.60° 69.85°  48.67° 16.98° 31.25°
4(E,) 39.16° 57.80° 78.07°  50.16° 19.35° 30.86°
6 (Es) 34.74° 5373 80.52*°  49.67° 17.39° 32.11°
FXE *%* *%* *%* *%* ** *%*
T, 43.15° 49.45% 72.06°  49.08c 17.94" 31.14°
T, 42.83° 4750° 76.65° 50.57° 18.03" 32.05°
T, 37.17"  46.06" 87.02® 53.17° 22.21° 31.05%
Ts 32.50"  42.10° 89.97° 50.85° 17.77° 32.81°
T, 51.02° 73.14* 61.18" 4506 15.05° 30.15
Ts 48.30° 68.10° 63.05° 46.78° 15.94f 30.45°
T, 41.15°  73.14°  69.117  47.15° 16.50° 30.67%*
Te 36.989 65.37° 71.07° 4850¢ 17.00° 31.41°

Average in the same row having different superscripts differ significantly P<0.05

Hematological characteristics are the vital physiological health characteristic index; its contents
clearly reflected the ordinary metabolism and physiological activity (Yarahmadi et al., 2014; Zahangir et
al., 2015; Shahjahan et al., 2018). Nutritional status and adaptability are also expressed in biochemical
parameters if fish exhibit physiological or pathological changes caused by external factors (Shi et al.,
2012). Stress or in reaction to dietary supplements can also result in changes in blood physiology (Yue et
al., 2013; Lin et al., 2015). In fish physiology and pathology, various investigators have identified normal
ranges for different blood parameters in fish (Zhou et al., 2009), the present findings partly corroborated
the report of Bello et al. (2014), where who reported significant changes in hematology of Clarias
gariepinus.

Liver enzymes are liver generated compounds that can be tested using a blood test alanine
aminotransferase (ALT) and aspartate aminotransferase (AST) are two of the enzymes central to test the
health of liver function. In general, an increase in these liver enzymes implies organ damage or toxicity
(Ghadi, 2000). ALT acts more precisely and is a better indicator of liver damage. Accordingly, it could
then be concluded that the current significant decrease in the level of ALT in fish fed graded levels of
exogenous enzymes supplemented diets confirmed that the exogenous enzymes had hepato protective
function, which is similar to the results obtained by Akpan and Ekpo (2015). Albumin level was also
significantly increased in T,4, Ts and Ts groups compared with T, where the protease enzyme worked in a
good internal environment for the fish, especially with a low level of fiber, in addition, the endogenous
activity of African catfish cellulase in T, is far from adequate to fully digest the ingested fiber, so
exogenous cellulase could be a good feed additive. Zhou et al. (2009) mentioned the importance of
adding enzymes to fish diets, which dietary enzymes can be used to support the fish’s own enzyme
production including proteases to improve protein hydrolysis and digestibility and amylases to improve
starch quality and digestibility, this was found in the treatments including exogenous enzymes and this
helpful effects was increased as the dietary fibers decreased.

Such positive findings in hematological and biochemical blood parameters have contributed to an
improvement in immune responses and stable status of fish whose diets included higher levels of
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exogenous enzymes and lower levels of fiber. These positive findings were related to improving the
digestive system and reducing stress on fish. In the digestive tract, exogenous enzymes use sufficient
substrates for probiotic action (Bedford and Cowieson, 2012). Furthermore, enzymes react positively with
the gut microbiota through improved digestibility and thus augment efficient nutrient absorption (Adeoye
et al., 2016). In addition, an increased hematological index of pepsin supplementation in Nile tilapia and
common carp has been identified (Singh et al., 2011; Goda et al.,, 2012). Exogenous protease
supplementation hydrolyses protein and releases shorter chain peptides in feed, thus increasing protein
digestibility and total blood protein, resulting in better feed consumption, utilization and eventually good
immunity (Farhangi and Carter, 2007; Singh et al., 2011; Choi et al., 2016).

CONCLUSION

Carnivorous fish like African catfish fish find difficulty in the digestion of plant feeds, especially
those that contain high insoluble and indigestible fiber content such as hemicellulose and cellulose
(anti-nutritive factors). These effects can be reduced by using exogenous enzymes, applying enzymes in
feeds to reinforce feed utilization is an idea that has been explored well in terrestrial animal feeding and
to some aquatic fish. Exogenous enzymes increase the feed utilization, digestibility, enhance growth
performance, optimize whole body composition and promote immune performance and pathogen
resistance, the results of the present study concluded that adding mixed enzymes in Clarias gariepinus
diets can improve growth performance, feed utilization and health, in where the best treatment were T,
and Ts and the least of them was T, and T,

REFERENCES

Abdel-Tawwab, M and M.N. Monier (2018). Stimulatory effect of dietary taurine on growth
performance, digestive enzymes activity, antioxidant capacity, and tolerance of common carp,
Cyprinus carpio L., fry to salinity stress. Fish Physiol Biochem, 44:639-649.

Adamidou, S., G. Rigos and E. Mente (2011). The effects of dietary lipid and fibre levels on digestibility
of diet and on the growth erformance of sharpsnout seabream (Diplodus puntazzo). Mediterranean
Marine Science.; 12: 401-412.

Adeola, O., A.J. Cowieson (2011). Opportunities and challenges in using exogenous enzymes to improve
nonruminant animal production. J. Anim. Sci. 89, 3189-3218.

Adeoye, A.A., R. Yomla., A. Jaramillo-Torres., A. Rodiles., D.L. Merrifield and S.J. Davies (2016).
Combined effects of exogenous enzymes and probiotic on Nile tilapia (Oreochromis niloticus)
growth, intestinal morphology and microbiome. Aquacult. 486, 42-50.

Adham, K.G. (2002). Sublethal effects of aquatic pollution in Lake Maryut on the African sharptooth
catfish Clarias gariepinus (Burchell, 1822). Journal of applied Ichthyology, 18: 87-94.

Ai, Q., K. Mai., W. Zhang., W. Xu., B. Tan., C. Zhang and H. Li (2007). Effects of exogenous enzymes
(phytase, non-starch polysaccharide enzyme) in diets on growth, feed utilization, nitrogen and
phosphorus excretion of Japanese seabass, Lateolabrax japonicus. Comp. Biochem. Physiol. A 147,
502-508.

Akpan, H.D and A.J. Ekpo (2015). Protective role of diets containing Gongronema latifolium leaves on
Streptozotocin- induced oxidative stress and liver damage. J. Appl. Pharm. Sci., 5(3): 85-90.

Anderson, J., A.J. Jackson., A.J. Matty and B.S. Capper (1984). Effects of dietary carbohydrate and fiber
on the tilapia Oreochromis niloticus (Linn.). Aquacult, 37(4): 303- 314.

AOAC. (1995). Official methods of analysis of the Association of Official Analytical Chemists. 14" ed.
Arlington: AOAC; 3, 413.

Bedford, M and A. Cowieson (2012). Exogenous enzymes and their effects on intestinal microbiology.
Anim. Feed Sci. Technol. 173, 76-85.

447



Sadek and El Deeb

Bello, O.S., F.E. Olaifa and B.O. Emikpe (2014). Haematological and blood biochemical changes in
African catfish, Clarias gariepinus fed Walnut (Tetracarpidium conophorum Mull Arg) Leaf and
Onion (Allium cepa Linn) Bulb supplemented diets. American Journal of Experimental Agriculture 4:
1593-1603.

Bok, A.H and H. Jongbloed (1984). Growth and production of sharptooth catfish, Clarias gadepinus
(Pisces: Clariidae), in organically fertilized ponds in the Cape Province, South Africa. Aquaculture,
36: 141-165.

Boyd, C.E and C.S. Tucker (1998). Pond aquaculture water quality management. Copyright by Springer
Science Business Media New York, originally published by Kluwer Academic Publishers, Boston,
Massachusetts, USA. p.100-102. http://doi.org/10.1007/978-1-4615-5407-3.

Carter, C.G., D.F. Houlihan., B. Buchanan and A.l. Mitchell (1994). Growth and feed utilization
efficiencies of seawater Atlantic salmon, Salmo salar L., fed a diet containing supplementary
enzymes. Aquacult. Fish. Manage. 25, 37-46.

Castillo, S and D.M. Gatlin (2015). Dietary supplementation of exogenous carbohydrase enzymes in fish
nutrition: a review. Aquaculture, 435, 286-292.

Choi, W.M., W.Y. Lam., W.Y. Mo and M.H. Wong (2016). Upgrading food wastes by means of
bromelain and papain to enhance growth and immunity of grass carp (Ctenopharyngodon idella).
Environ. Sci. Pollut. Res. 23, 7186-7194.

Dawood, M., M. Mohsen and A. El-dakar (2019). Effectiveness of exogenous digestive enzymes
supplementation on the performance of rabbitfish (Siganus rivulatus). Slov Vet Res 56: 409-4109.
https://doi.org/10.26873/SVR-779-2019.

Debnath, D., A.K. Pal., N.P. Sahu., K.K. Jain., S. Yengkokpam and S.C. Mukherjee (2005). Effect of
dietary microbial phytase supplementation on growth and nutrient digestibility of Pangasius pangasius
(Hamilton) fingerlings. Aquaculture Research, 36(2), pp.180-187.

Dioundick, O.B and D.l. Stom (1990). Effects of dietary o cellulose levels on the juvenile tilapia,
Oreochromis mossambicus (Peters). Aquaculture; 91: 311-315.

Drew, M. D., V.J. Racz., R. Gauthier and D.L. Thiessen (2005). Effect of adding protease to coextruded
fax: pea or canola: pea products on nutrient digestibility and growth performance of rainbow trout
(Oncorhynchus mykiss). Animal Feed Science and Technology, 119: 117-128.

Duncan, D.B. (1955). The multiple ranges and multiple F test. Biometrics.11: 1- 42.

Farhangi, M and C.G. Carter (2007). Effect of enzyme supplementation to dehulled lupin based diets on
growth, feed efficiency, nutrient digestibility and carcass composition of rainbow trout. Oncorhynchus
mykiss (Walbaum). Aquac. Res. 38, 1274-1282.

Gdala, J., H.N. Johansen., K.E.B. Knudsen., I.H. Knap., P. Wagner and O.B. Jorgensen (1997). The
digestibility of carbohydrates, protein and fat in the small and large intestine of piglets fed non-
supplemented and enzyme supplemented diets. Anim. Feed Sci. Technol. 65:15-33.

Ghadi, P.S. (2000). Disorders of liver. Pathophysiology for pharmacy career publication, Nashik 2nd
Edition. P. 106-108, 125-130.

Ghomi, M.R., R. Shahriari and H.F. Langroudi (2012). Effects of exogenous dietary enzyme on growth,
body composition, and fatty acid profiles of cultured great sturgeon Huso huso fingerlings. Aquac Int
20:249-254

Ghosh, K., K. Chakraborty., S.K. Sen and A.K. Ray (2001). Effects of thermostable bacterial a-amylase
on growth and feed utilization in rohu, Labeo Rohita (Hamilton), fingerlings. Israeli Journal of
Aquaculture - Bamidgeh 53:101-109.

Giri, S.S., S.K. Sahoo., A.K. Sahu and P.K. Meher (2003). Effect of dietary protein level on growth,
survival, feed utilization and body composition of hybrid Clarias catfish (Clarias batrachus x Clarias
gariepinus). Anim Feed Sci Technol, 104:169-178.

Goda, AM.A., H.H.A. Mabrouk., E.A.M. Wafa and M.T. El-Afifi (2012). Effect of using baker’s yeast
and exogenous digestive enzymes as growth promoters on growth, feed utilization and hematological
indices of Nile tilapia, Oreochromis niloticus fingerlings. J. Agr. Sci. Tech. 2, 15-28.

448


http://doi.org/10.1007/978-1-4615-5407-3

Egyptian J . Nutrition and Feeds (2021)

Khalil, Maryyum., H. Azmat., N. Khan., A. Khan and A. Hussain (2018). Growth Responses of Striped
Catfish Pangasianodon hypophthalmus (Sauvage, 1878) to Exogenous Enzyme Added Feed. Pakistan
journal of zoology, 50(2):685-693.

Lin, J.H. and S.Y. Shiau (1995). Hepatic enzyme adaptation to different dietary carbohydrates in juvenile
tilapia Oreochromis niloticus x O. aureus. Fish Physiol. Biochem., 14: 165-170.

Lin, S., K. Mai and B. Tan (2007). Effects of exogenous enzyme supplementation in diets on growth and
feed utilization in tilapia, Oreochromis niloticus x O. aureus. Aquaculture Research, 38:1645-1653.

Lin, H.Z., X.H. Tan., C.P. Zhou., J. Niu., D.M. Xia, and Z. Huang (2015). Effect of dietary arginine
levels on the growth performance, feed utilization, non-specific immune response and disease
resistance of juvenile golden pompano Trachinotus ovatus. Aquacult. 437, 382—-389.

Lindsay, G.J.H. and J.E. Haris (1980). Carboxymethyl-cellulase activity in the digestive tracts of fish. J.
Fish Biol., 16, 219-233.

Maas, R.M., M.C. Verdegem and J.W. Schrama (2018). Effect of non-starch polysaccharide composition
and enzyme supplementation on growth performance and nutrient digestibility in Nile tilapia
(Oreochromis niloticus). Aquaculture Nutrition, 1-11.

Mehrim, A.l. (2014). Physiological, biochemical and histometric responses of Nile tilapia (Oreochromis
niloticus L.) by dietary organic chromium (chromium picolinate) supplementation. Journal of
Advanced Research, 5: 303-310.

NRC (2011).National Research Council Nutrient Requirements of fish and shrimp. Washington, DC:
National Academy Press.

Patil, D.W., J.M. Gaikad and S.S. Markad (2019). Growth Performance and Survival of Common Carp
(Cyprinus carpio Linnaeus, 1758) Fingerlings Fed with Protease Enzyme Supplemented Diet. Asian
Fisheries Science, 32: 104-110.

SAS (2011). Institute Inc, SAS/STAT® 9.3 User's Guide. Cary, NC: SAS Institute Inc.

Shahjahan, M., M.H. Uddin., V. Bain and M.M. Haque (2018). Increased water temperature altered
hemato-biochemical parameters and structure of peripheral erythrocytes in striped catfish
Pangasianodon hypophthalmus. Fish Physiol. Biochem. 44, 1309-1318.

Shi, G.C., X.H. Dong., G. Chen and B.P. Tan (2012). Effects of dietary lipid level on growth performance
of genetic improvement of farmed tilapia (GIFT, Oreochromis niloticus) and its serum biochemical
indices and fatty acid composition under cold stress. Chin. J. Anim. Nutr. 24, 2154-2164.

Singh, P., S. Magsood., M.H. Samoon., V. Phulia.,, M. Danish and R.S. Chalal (2011). Exogenous
supplementation of papain as growth promoter in diet of fingerlings of Cyprinus carpio. Int. Aquat.
Res. 3, 1-9.

Sinha, A.K., V. Kumar and P.S. Makkar (2011). Non-starch polysaccharides and their role in fish
nutrition-A review. Food Chemistry, 127: 1409- 1426.

Sookying, D and D. Davis (2013). Review of the development and application of soybean- based diet for
pacific white shrimp Litopenaeus vannamei .aquaculture nutrition, 19: 441-448.

Sun, Y., X. Zhao., H. Liu and Z. Yang (2019). Effect of fiber content in practical diet on feed utilization
and antioxidant capacity of Loach, (Misgurnus anguillicaudatus). 10:577. doi: 10.35248/2155
9546.19.10.577.

Tacon, A.G.J and M. Metian (2008). Global overview on the use of fish meal and fish oil in industrially
compounded aquafeeds: trends and future prospects. Aquaculture, 285, 146-158.

Tahir, M., F. Saleh., A. Ohtsuka and K. Hayashi (2008). An effective combination of Carbohydrases that
enables reduction of dietary protein in broilers: importance of hemicellulase. Poult. Sci. 87, 713-718.

Teugels, G.G. (1984). The nomenclature of African Clarias species used in aquaculture. Aquaculture, 38:
373-374.

Yarahmadi, P., H.K. Miandare., S.H. Hoseinifar., N. Gheysvandi and A. Akbarzadeh (2014). The effects
of stocking density on hemato-immunological and serum biochemical parameters of rainbow trout
(Oncorhynchus mykiss). Aquac. Int. 23, 55-63.

449



Sadek and El Deeb

Ye, J, K. Wang., F. Li and Y. Sun (2011). Single or combined effects of fructo-and mannan
oligosaccharide supplements and Bacillus clausii on the growth, feed utilization, body composition,
digestive enzyme activity, innate immune response and lipid metabolism of the Japanese flounder
Paralichthy. Aquac Nutr 17:902-911.

Yigit, N.O and M. Olmez (2011). Effects of cellulase addition to canola meal in tilapia (Oreochromis
niloticus L.) diets. Aquac. Nutr. 17, 494-500.

Yildirim, Y.B and F. Turan (2010a) Growth and feedutilization of tilapia (Oreochromis aureus) fed diets
containing supplementary enzymes. Israeli Journal of Aquaculture-Bamidgeh, 62:139-145.

Yildirim, Y.B and F. Turan (2010b). Effect of exogenous enzyme supplementation in diets on growth and
feed utilization in African catfish, Clarias gariepinus. Journal of Animal and Veterinary Advances
9:327-331.

Yue, Y.R., Z.Y. Zou,, J.L. Zhu., D.Y. Li., W. Xiao and J. Han (2013). Effects of dietary arginine on
growth performance, feed utilization, haematological parameters and nonspecific immune responses
of juvenile Nile tilapia (Oreochromis niloticus ). Aquac. Res. 46, 1801-1809.

Zahangir, M.M., F. Haque., G.M. Mostakim and M.S. Islam (2015). Secondary stress responses of zebra
fish to different pH: evaluation in a seasonal manner. Aquacult. Rep. 2, 91-96.

Zamini, A., H. Kanani., A. Esmaeili., S. Ramezani and S. Zoriezahra (2014). Effects of two dietary
exogenous multi-enzyme supplementation, Natuzyme® and beta-mannanase (Hemicell®), on growth
and blood parameters of Caspian salmon (Salmo trutta caspius). Comp. Clin. Pathol. 23, 187-192.

Zhou, Y., L.V.D. Jiang and T. Wang (2009). Improved energy utilizing efficiency by enzyme preparation
supplement in broiler diets with different metabolizable energy levels. Poult Sci. 88:316-322.

BeliSy galll o131 o LYY (he ABlIAL Cily glosa cuad &y 3Y) a ga BN (5Dl Aan A cilay ) ABL) 5L
doaal) Guullall (larg g #1381 (e BalELLY)

%AS\HM\.\,QJLASJ ‘_’édbag&'ﬁ.\s

O BEY) 5 saill el e (G550 Gadl) ¢ alaal)dan JAN Cilay 331 (e Joglae ddlia) 8l A ol Ay ail) o386l ja) a3
Bl il aa80 Slai) () b siar Clarias gariepinus gig)é‘y\ Lga il o (A nall Gadlidl ey 1385 128
& SV e G sie e Sla 331 daglae pladind o Cua gads gl Arala Aol ST Aia ) de ) ally iy g 55 40 al
o yad Alalae JS0 ) ) 8 SO adl g g (i gl 5 28U Cum (e 45 ) 50 da jad S lalae 8 Caeddil (79 5 75) (Alaadl HUaill
(s ey 33 Ailal 050 il e GUIT79 SYAd) e T, 5Ty Ml sl e 4013l o lalaall w353 sl
s Jiay Lt sl o dall GLI e % 6 ¢4 <2 Sla 3l Jaglia aa TS 5 T4 5 T3 <lalan 75 GV (g s Jiay
S U8 s @ sl e Aalall Gl e 9% 6 4 2 Glay i) bslie 0 T8 5 T7 5 T6  dlelas %9 i)
Clabaall (s A sine g milill @ jelal Glily/ASan 20 (A5 (5 simars (A1 X 15X 1) runlia s das yo Taaan Sl B labadll
o dat ) el e i el e J4li g Juadl gai Jane B Jla il 31 e Leiidle & gin) 3 llan) < jelal Cua
Jrsadll dlabaa s (il G BELY) Gaplia Cicls SIS (P<0,05Yh sine (5 siuse i lliy dm Ja a3 (50 30k
Llia S LS (P<0.05) 45,liall de gane ae 45 Lo dan s Clay 3 Aiaaiall Cllaal) aan 8 L gale (S8 5 Juabl 13201
G sind Sl Clalaal) 8 ¢l (s sina (ge LS el cilaa ) (P<0.05) JelSIL dSand) e il S e La A1) ey 33Y)
O JEY) (5 sinall 3 Ol e sl 80 & s JBl Cela con B (Z9) Y e e (5 sina s duilia) ey 3] e
e lie Uil qa ASH 05l )35 280 il 5 Cuinn i al) a5 L IS cdn JA il 3 (g5 61201 i)
Lgllie Adla) o)) ) A jall e coald CaldY) 8 J8Y1 5 ciley 1Y) dalas (e o) S s e g@dle (5 gia) ) @landU s
Y1 T s il dland 8 maall Ganliall (e s o138 (pe ealiinY) S IS8 saill slaf a Gueny o (S dan A ey 33Y)
S5 A (5 slse pa ey 3l 74 (5 slse ie Aala

450



