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Abstract: The current study was established to test the possibility of using exogenous
digestive enzymes (EDE) in rabbitfish (Siganus rivulatus) diets. Five experimental diets
containing 34% soybean meal were prepared and supplemented with EDE at 0, 1, 2, 3,
and 4 g kg diet. Fish with average initial weight (+ 1.1 g) were fed the test diets for 74
days. Rabbitfish offered the diets with EDE supplements exhibited significantly (P<0.05)
higher growth performance, feed intake, protein efficiency ratio, protein gain, and protein
retention over the basal diet. But, no significant (P>0.05) differences were observed in
carcass composition and somatic parameters index with EDE supplementation. The
physiological condition of fish fed diets with EDE showed that the hematocrit (%), total
plasma protein and total plasma globulin were significantly (P<0.05) higher in fish fed
EDE than the control group. It can be concluded that the addition of EDE in rabbitfish
diets improved the growth performance, feed efficiency and health condition.

Key words: blood parameters; exogenous digestive enzymes; feed efficiency; growth;
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requirement and welfare for aquatic animals
3).

Aquaculture is one of the most economically ( )Fish meal has been served as the major
important food sectors, representing the protein source in aquafeed of carnivorous fish
cheapest animal protein source for the increased  which tend to possess higher dietary protein
population around the globe (1). Aquafeeds is  requirements than omnivorous and herbivorous
contributing by around 70 to 80% from the total  due to its balanced amino acid profile and
cost of the fish aquaculture (2). Thus, high palatability (4-7). However, the resource
quality feeds with balanced composition should  shortages and rising price of fish meal seriously
be formulated to present the nutritional restrict the use of fish meal in aquaculture. In
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this light, much efforts have been conducted to
seek the sustainable supplies of protein sources
to substitute fish meal. The plant protein
sources have been limited used due to their
relative low protein content and palatability, the
presence of anti-nutritional factors and
unbalanced amino acids profiles (4, 8, 10, 11).
Digestive enzymes are helping in the food
digestion process by transforming the non-
digestible ingredients into more absorbable
nutrients (9). Using of digestive enzymes is also
recommended to facilitate the digestion process
of fibrous ingredients existed in plant proteins
such as: starch, cellulose and protein into
simpler substances (3). Amylases, lipases,
cellulases, xylanases, phytases and proteases
are different forms of exogenous digestive
enzymes which has been applied successfully
in animal nutrition and aquafeed (10, 11). Since
specific enzyme preparations have become
valuable tools for economically manipulating
digestive processes in animals (12), there are
also considerable interests in using enzymes as
supplements in fish feeds (3,9,13).

Rabbitfish species have long been identified
as appropriate candidates for aquaculture in the
Indo-Pacific and the Middle East area (14).
Although they are herbivorous and could
potentially be fed soy bean meal-based diets,
non-fish meal feeds might reduce the
digestibility and assimilation of this species.
Under the circumstances, fish diets should be
supplemented by using digestive enzymes to
further utilize the prepared feeds efficiently (13,
15, 16).

The present study was performed to examine
the possibility of using exogenous digestive
enzymes “cellulases, xylanases, a-amylase and
proteases mixture” on growth, feed efficiency,
carcass composition and health condition of
rabbitfish (Siganus rivulatus).

Materials and methods
Experimental system

Rabbitfish (S. rivulatus) juveniles were
obtained from the coast of Mediterranean Sea,
El-Arish, Egypt. The collected fish were carried
carefully in well prepared tanks to the
“Mariculture Research Center, Faculty of

Environmental Agricultural Sciences, Suez
Canal University, El-Arish, Egypt”, then
acclimatized for 1 week before starting the trial.
A total of 150 fish were distributed in 15 glass
aquaria (50 I) where each aquarium was stocked
with 10 fish with similar size (initial weight 1.1
g). The trial was conducted in triplicates. Each
aquarium was provided with submerged air
diffusers for aeration and about 30-35% of
water was changed daily. The water quality
parameters were measured daily and remained
at 34 g kg, 25+1°C, 8.9 and 7 mg kg, for
salinity, temperature, pH and DO, respectively.

Diet preparation

The basal diet (32.2% crude protein and
8.5% lipids) was supplemented with exogenous
digestive enzymes (EDE) (ZADO®, patent No.
22155 of Egypt) at 0, 1, 2, 3 and 4 g kg™. The
basal diet was prepared to contain fish meal
(65%) and soybean meal (45%) as protein
sources and other ingredients were added by
following El-Dakar et al. (13) (Table 1). The
pellets size was 1.5-mm die. Pellets were air
dried and stored at -20°C. Each diet was offered
to three randomly chosen aquaria at 2-3% of
biomass daily at 8.00, 12.00 and 16.00 h for 74
days. Fish were weighed at 2-week intervals
and ration was adjusted according to new fish
weight per cage.

Sample collection and analysis

After 74 days, all fish in each aquarium were
weighed, counted and total length was
measured to calculate the specific growth rate
(SGR), feed conversion ratio (FCR), protein
efficiency ratio (PER), protein gain (PG),
protein retention (PR), survival and condition
factor (CF) using the following formulae:

SGR =100 *(In FBW -In IBW)/t, FCR = FI
(9)/WG (g), PER = WG/protein intake, PG =
{(FBW (g) xfinal whole-body protein content
(%)/100) — (IBW (g) xinitial whole-body
protein content (%)/100)}/ (WG (g)) x1000,
PR= (protein gain (g kg WG™") x100)/ protein
intake (g kg WG™), CF = 100 *[body weight
(9)/length® (cm)] and survival=  (final
number/initial number)*100. Where FBW is
final body weight (g), IBW is initial body
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weight (g), WG is weight gain, FI is feed intake
(g) and tis 74 days.

Fish for initial carcass composition and diet
samples were taken at the beginning of the trial
and stored at -20 "C until analysis. 3 fish were
randomly taken from each aquarium and killed,
then the liver was dissected and weighed to
calculate the hepatosomatic index (HSI) where
HSI =100 *(liver weight/body weight).

Three fish from each aquarium were
collected, pooled and stored at -20 °C for
carcass analysis. Using heparinized syringes,
blood was collected from the caudal vein of 3
fish in each replicate aquarium and pooled. A
small fraction of the heparinized blood was
used to analyze the hematocrit and hemoglobin
levels. Plasma samples were obtained by
centrifugation at 3000xg for 15 min using a
high-speed refrigerated micro centrifuge and
kept at -20°C. Hematocrit was determined by
using micro hematocrit-heparinized capillary
tubes and a micro hematocrit centrifuge (10,000
g for 10 min.) (17). Hemoglobin concentrations
were determined by the cyan hemoglobin
method, at 540 nm. Total plasma protein and
albumin were determined using commercial
kits produced by Pasteur labs (Egypt).
However, the total plasma globulin was
calculated by subtracting the total plasma
protein from total plasma albumin according to
Coles (18). Chemical analysis of feed and fish
were performed according to the methods
described in AOAC (19).

Statistical analysis

Data were analyzed using one-way analysis
of variance (Package Super-ANOVA 1.11,
Abacus Concepts, Berkeley, California, USA).
Significance differences between means were
evaluated using Duncan's new multiple range
test at a probability level of 0.05 when t-test was
significant.

Results
Growth, survival and feed efficiency

Survival rate of all fish groups fed varied
levels of EDE ranged between 90 to 100 %.
Using of EDE resulted in improved FBW, WG
and SGR significantly (P<0.05) than the

control. Group 4 which supplemented with 3 g
kg EDE recorded the highest FBW and WG
significantly (P<0.05) than other groups. Fish
gained 2025%,2181, 2307, 2453 and 2212 % of
their initial weight for the control, 1, 2, 3 and 4
g kg groups than their weights at the start of
the experiment (Table 2).

Feed efficiency (FI, PG, and PR) of fish fed
EDE is presented in Table 2. Results showed
that rabbitfish fed diet contains different levels
of EDE gave higher values significantly
(P<0.05) than EDE free group. Moreover, those
fed 3g kg EDE gave significantly the higher
values than the other groups (P<0.05).
Although, FCR recorded no significant
differences (P>0.05) among all experimental
groups, rabbitfish fed 3g kg? recorded the
lowest value numerically comparing the other
experimental groups. PER of fish fed diets
supplemented with EDE at 1, 2, and 3 g kg
was significantly (P<0.05) higher than the non-
supplemented group.

Carcass composition

No significant differences (P>0.05) were
observed in the analyzed carcass compositions
for fish collected at the end of the trial in
comparison with the values before the feeding
trial (Table 3). Further, no difference was
detected in CF and HSI values of fish fed
different test diets (Table 3).

Blood parameters

Hematological parameters were presented in
Figure 1A; hematocrit of rabbitfish was
significantly (P<0.05) improved in fish fed
either 3 or 4 g kg! EDE than the other
experimental diets. Although, hemoglobin
value was not affected by EDE
supplementation among tested groups, diets
supplemented with 3 and 4 g kg™t EDE recorded
higher hemoglobin value significantly (P<0.05)
than the EDE free group (Fig. 1B).

Blood chemical parameters in rabbitfish
were presented in Figure 2. Fish fed diets with
EDE had significantly (P<0.05) higher levels of
total plasma protein compared to fish fed EDE
free diet (Fig. 2A). Total plasma albumin
recorded the lowest value significantly
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(P<0.05) in fish fed 2 g kg™ EDE among the plasma globulin significantly (P<0.05) than
other experimental groups (Fig. 2B). Fish fed other experimental groups (Fig. 2C).
EDE at 2, 3, and 4 g kg* recorded higher total

Table 1: Formulation and chemical proximate composition of the experimental diets (g kg dry weight
basis).

Ingredients EDE supplementation level (g kg?)

0 1 2 3 4
Fish meal 120 120 120 120 120
Soybean meal 340 340 340 340 340
Wheat bran 100 100 100 100 100
Wheat milling by product 170 169 168 167 166
Corn starch 50 50 50 50 50
Rice bran 150 150 150 150 150
Oil mixture? 50 50 50 50 50
Vitamin and mineral premix2 20 20 20 20 20
Digestive enzyme mixture ® 0 1 2 3 4
Total 1000 1000 1000 1000 1000
Proximate composition and energy content (% dry matter basis)
Crude protein 32.9 31.5 31.8 32.5 32.2
Crude lipid 9.7 7.3 7.5 8.3 8.8
Crude fiber 2.5 2.5 2.3 2.4 2.4
Crude ash 9.8 8.5 9 9 8.6
Nitrogen free extract 45.1 50.2 49.4 47.8 48
GE (kJ g* diet)* 19.34 19.00 19.01 19.19 19.35
DE (kJ g diet)® 16.69 16.41 16.40 16.55 16.72
P/E ratio (mg CP kJ* DE) 19.71 19.20 19.39 19.64 19.26

IMixture of Sunflower oil and linseed oil with a ratio of 1:1.

2Commercial Vitamin (Super Vit, Arab veterinary Industrial Co., Jordan). 15.000 IU vitamin A, 0.7 g vitamin C (Stay
C®, 35% active), 15.000 IU vitamin D3, 2 mg vitamin E, 2.5 mg vitamin B,, 2 mg vitamin K3, 10 mg nicotineamide,
3 mg vitamin Bs, 5 mg vitamin B1, 2 mg vitamin By, 2 mg folic acid, 5.5 mg Ca-D-pantothenate, and mineral premix
(Eco Vit, Egyptian veterinary produced and feed a additives Co., Demyatta, Egypt). 200 g calcium, 90 g phosphate,
40 g sodium, 2.5 g copper, 48 g magnesium, 3.6 g manganese, 23.5 g zinc, 8 g iron, 450 mg cobalt, 200 mg iodine
and 20 mg selenium.

3Exogenous digestive enzymes (EDE), ZADO® (enzymic preparation containing cellulases, xylanases, a—amylase and
proteases from anaerobic bacterium, patent No. 22155 of Egypt).

4Gross energy was calculated by using factors of 23.62, 39.5 and 17.56 kJ g for protein, lipid and carbohydrate,
respectively (20).

SDigestible energy content was estimated as 16.72, 16.72 and 37.62 kJ g* for protein, carbohydrate and lipid,
respectively (21).
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Table 2: Growth performance, survival and feed efficiency utilization of rabbitfish fed diets supplemented
with EDE for 74 days”

Parameters EDE supplementation level (g kg™)

0 1 2 3 4

INW 1.13+0.02  1.14+0.01 1.09+0.01 1.140.03 1.14+0.03
FBW 24.01+0.07% 26.01+0.46°  26.24+0.17° 28.07+0.19°  26.414+0.35°
WG () 22.88+0.07° 24.87+0.46°  25.15+0.18° 26.97+0.21°  25.26+0.36°
WG (%) 2025.42431% 2181.12433.6° 2307.29426.6°° 2453.55+56° 2212.88+71. 7P
SGR (%) 4.13+£0.028  4.23+0.02°  4.3+0.02" 4.38+0.03° 4.24+0.04°
Survival (%) 100 95 90 100 95

FI 55.01£0.29% 59.25+0.14°  59.38+0.28° 62.26+£0.09°  59.76+0.32°
FCR 2.4+0.01 2.3840.05 2.36+0.02 2.31£0.02 2.37+0.04
PER 1.26+0.012  1.34+0.03° 1.33+£0.01° 1.33+0.1° 1.31+0.022°
PG 142.18+0.00* 146.41+0.01° 147.04+0.04°  147.52+0.019 146.45+0.08"
PR 25.73+0.14% 27.33+£0.07°  27.76+0.13¢ 29.85+0.05¢  28.18+0.17¢

*Values are means of triplicate groups’ £S.E.M. Within a row, means with different alphabet are significantly different
(P<0.05), means with the same letters are not significantly different (P>0.05). Absence of letters indicates no
significant difference between treatments.

Table 3: Whole body proximate analysis (%) and somatic parameters of rabbitfish fed diets supplemented
with EDE for 74 days”

Items EDE supplementation level (g kg™)
Initial fish 0 1 2 3 4
Moisture 70.89+0.65 69+0.4 69.6+0.32  69.3+0.24  69.6+£0.06 69.15+0.06

Crude protein  14.18+0.15 14.224+0.29 14.62+0.21 14.68+0.15 14.73+0.1 14.64+0.1
Crude lipid 10.18+0.16 11.06+0.22 11.79+0.45 11.81+0.47 11.79+0.45 11.46+0.75
Crude ash 4.58+0.15 4.62+0.15 4.43+0.33 4.22+0.34 4.27+0.09 4.67+0.09
CF3 - 1.98+0.04 1.86+0.01 1.82+0.07 1.76+0.11 1.93+0.03
HSI* - 1.39+£0.09 1.45+0.18 1.65+£0.09 1.64+0.09 1.54+0.07

*Values are means of triplicate groups £S.E.M. Within a row, Absence of letters indicates no significant difference
between treatments, Initial values are not included in the statistical analysis.
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Figure 1. Average percentage of hematocrit (A) and hemoglobin values (B) in the blood of rabbitfish fed
diets supplemented with different levels of EDE for 74 days. Values are means + pooled SEM from
triplicate groups. Means with different alphabet are significantly different (P<0.05)
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Figure 2: Average percentage of total plasma protein (A), total plasma albumin (B) and total plasma
globulin (C) for rabbitfish fed diets supplemented with different levels of EDE for 74 days. Values are
means + pooled SEM from triplicate groups. Means with different alphabet are significantly different

(P<0.05)
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Discussion

Nowadays, EDE are extensively used all
over the world as additives in fish feeds to
improve the nutritional value of diets,
especially with the increase of plant proteins
(22). In this study, FBW, survival, WG and
SGR of fish fed diet containing 3 g kg* EDE
were significantly improved. It means that the
enzymatic treatment with EDE improved the
digestion process to be more suitable for
increasing anaerobic bacteria and exogenous
enzymes activity. EDE was used as an
exogenous enzyme extracted from anaerobic
bacteria, would provide cellulases, xylanases,
a-amylase and proteases in fish feed. Diets
containing EDE at level of 3 g kg showed
significantly  higher SGR than  other
experimental diets. Similarly, the effects of
dietary supplementation of exogenous enzymes
increased the growth performance in several
fish species including, Channel catfish (23, 24),
Clarias catfish (25), Nile tilapia (26-28),
Rainbow trout (29), and Common carp (30),
respectively. However, Yigit and Keser (9)
reported that, using of digestive enzymes in
canola-based diets had no positive effect on the
growth of Rainbow trout. The discrepancy with
the present study was probably due to the
differences in species and of plant protein meal
used.

In the present study, EDE supplementation
in rabbitfish feeds improved feed intake (FI).
Fish fed diet containing 3 g kg™ EDE showed
increased FI (62.26 g per fish) compared to
55.01 g per fish in the control diet. These
findings might be due to the action of EDE,
which may be caused by better utilization of
some dietary fibre. As a result, the growth rates
improved when fish fed the diets containing
dietary EDE, reflecting that the lowest FCR
value was detected in case of presence EDE in
diets at level of 3 g kg! EDE. In this
connection, McAllister et al. (31) reported that
proposed modes of action for direct-fed
enzymes include “solubilisation of dietary fibre
before ingestion, provision of readily
fermentable substrate for micro-organisms
and/or enhancement of microbial enzyme

activity in the gut”. Shalaby et al. (32) reported
that rabbitfish could utilize efficiently
carbohydrates in their feeds.

The results indicated that the diets with EDE
improved PER, PG, and PR values. This may
be ascribed to stimulating the digestion of the
fibrous components by increasing the rate of
fibre digestion. Singh et al. (30) reported that
the protease enzyme can hydrolyses proteins to
short peptides in food which in turn increased
the protein digestibility in the gastrointestinal
tract and accordingly enhance the feed
efficiency and growth performance of fish (33).
The enzyme efficiency can be affected by the
level of inclusion and species of organism (31).
Chakrabarti et al. (34) demonstrated that the
amylase activity was enhanced when the
formulation contains 13-25% corn starch.
Rabbitfish showed a strong activity of [-
glucuronidase which is responsible about the
digestion of carbohydrate (35, 36). Rainbow
trout also exhibited increased levels of
absorbed protein as a result of increasing the
activity of amylase (37). The amylase activity
is affected by several factors including: feeding
habit, structural of the carbohydrate,
temperature and season of rearing (20, 38). The
activity of amylase enzyme is higher in
herbivorous and omnivorous fish than the
carnivores (36). However, use of EDE in fish
feeds will need to be more investigated on the basis
of feeding habits, fish size and dietary
composition. It is suggested that smaller fish may
give better results in growth rate when received
EDE containing diets than bigger ones.

Body compositions of rabbitfish were not
affected by dietary supplementations of EDE.
The present work confirmed the results
obtained by Lara-Flores et al. (39). They found
that no differences were observed in the whole-
body moisture, protein, lipid, and ash contents.
On the other hand, Goda et al. (3) reported that
Nile tilapia carcass protein, lipid, and ash
contents were affected by EDE addition.

Results showed that the somatic indices (CF
and HSI) were not affected by the inclusion of
EDE in rabbitfish diets. Similar results were
obtained by El-Dakar et al. (13) who reported
that the HSI was not affected by EDE feeding.
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The CF of the fish fed EDE was lower than that
of control, which gave a CF similar to fish fed
EDE at 4 g kg*. These results reflect the small
differences in weight together with length of the
harvested fish.

The general health status of fish can be
evaluated by measuring the blood indices
which reflect the physiological response of fish
towards different feeding strategies (40-42). In
this study, high values of hematocrit were
observed in fish fed EDE. However, EDE-free
group exhibited lower hematocrit levels, which
may trigger anaemia in fish (3). Results of the
present study also revealed that all fish fed EDE
gave higher levels of total plasma protein and
total plasma globulin. This may be attributed to
fast metabolism which in turn resulted in better
total plasma protein and globulin contents.

Conclusion

In conclusion, our results showed that using
of EDE for rabbitfish is recommended to
enhance the growth, nutrient utilization and
health condition. Improved performances were
observed in fish fed diets supplemented with 3
g kg EDE for 74 days.
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