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Abstract
Background and Objective: In fish feed, fishmeal is the main source of protein that provides energy for fish growth. However, its
availability is limited due to the overexploitation of capture fisheries and its price continues to increase each year. The replacement of
fishmeal with less expensive energy-rich feed ingredients is necessary for the sustainable development of aquaculture. The objective of
this  study  was  to  evaluate  the  effects  of  different  levels  of  the  digestive  juice  of  the  snail  Archachatina   ventricosa  in
carbohydrate-rich diets  on  the  growth  performance  and  intestinal glycosidase activities of Nile tilapia (Oreochromis  niloticus)
Materials and Methods: Five experimental  diets  (R-0,  R-1.5,  R-2.5,  R-5  and  R-I) were  formulated  based  on  different  levels  of  snail
digestive juice (0, 15, 25 and 50 mg gG1). The diet R-I contained 5% inactivated digestive juice. O. niloticus fingerlings with an initial body
weight of 22.55±2.29 g reared in glass hatchery tanks were fed with the experimental diets for 56 days. Results: The daily weight gain
(DWG), specific growth rate (SGR), feed conversion rate (FCR), protein efficiency ratio (PER), intestinal glycosidase activities and fish body
composition were significantly (p<0.05) influenced by the digestive juice. The DWG, SGR, FCR and PER were higher in the fish fed with
the diet R-5. The 2.5% digestive juice was shown to have high invertase activity in the intestines of the fish. Conclusion: This study showed
that the incorporation of 5% digestive  juice  from  the  snail A. ventricosa in experimental diets containing 40% carbohydrates improved
growth in juvenile tilapia, O  niloticus.  The determination of the optimum content of the digestive juice enzyme would better use this
ingredient in the formulation of carbohydrate-based fish feeds.
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INTRODUCTION

Fishmeal has emerged as the primary protein source in
aquafeeds1 and has been estimated to constitute 20-60% of
fish diets2,3. However, the availability of this main dietary
protein source is limited and its price continues to rise,
constraining the long-term sustainable development of
aquaculture4,5. Thus, the cost of fish farming production can be
reduced by the replacement of fishmeal with cheaper
alternative feed ingredients6. The use of carbohydrates in the
formulation of aquafeeds would be of great value as a
renewable resource for sustainable aquaculture
development7.

Tilapias are currently among the most important warm
water fish used for aquaculture production8,9. Indeed, these
aquatic vertebrates are well-suited to fish farming since these
fish are highly prolific and tolerant to a range of environmental
conditions. Interestingly, the intensification of aquaculture
production systems has resulted in the rapid expansion of
tilapia farming and the introduction of these fish into many
countries around the world10,11. Among the wide variety of
tilapias, the Nile tilapia, (Oreochromis  niloticus), is the most
cultured species12-14.

In several fish species, it has been observed that the
inclusion of carbohydrates in the diets significantly improved
the zootechnical performance parameters15. An increase in
dietary carbohydrate content improves metabolism and
growth in Nile tilapia (O.  niloticus)16,17. Unfortunately, the use
of carbohydrate-rich diets remains limited due to the low
digestibility of carbohydrates by fish18. Thus, the use of
exogenous digestive enzymes is an option to improve the
nutritive value of carbohydrate-rich diets for cultured fish.
Archachatina  ventricosa  is an abundant snail in Côte d’Ivoire
and its digestive juice contains enzymes such as amylases and
glucosidases that are able to hydrolyse some substrates, such
as starch19,20. This study aimed to evaluate the effects of
different levels of A. ventricosa  digestive juice in
carbohydrate-rich diets on the growth performance and
intestinal glycosidase activities of O.  niloticus.

MATERIALS AND METHODS

Source of the digestive enzymes: The enzymes were derived
from the digestive juice of the snail A. ventricosa. The
production of this source of digestive enzymes was previously
described by Niamke et al.21. Briefly, specimens of A. ventricosa
were fasted for three days to complete digestion. After
breaking the shell, the digestive tract was isolated from the
visceral mass and the digestive juice was collected. Then, the

juice was centrifuged at 6000 rev minG1 to remove all mucus
and shell debris. This source of digestive enzymes was stored
in a refrigerator at 4EC before use.

Feed ingredients and diets formulation: The protein in the
diet was supplied by fishmeal and soybean meal. Maize starch
and wheat bran were used as a source of carbohydrates and
crude fish oil was used as a lipid source22. The proximate
compositions of the main ingredients used in the present
study are given in Table 1. The ingredients were ground to a
suitable size and mixed in a commercial mixer (Kenwood Chef)
for 15 min. Vitamin and mineral mixes were gradually added
to the mix. Distilled water (45EC) was slowly added while
mixing to achieve a consistency suitable for pellet production.
Five experimental diets (R-0, R-1.5, R-2.5, R-5 and R-I) were
formulated based on the different levels of the digestive juice
(0, 15, 25 and 50 mg gG1). The diet R-I contained 5% digestive
juice heated at 100EC for 5 min. After the digestive juice was
added, the mixture was incubated at 45EC for 1 hour. After
incubation, 3 mm diameter pellets were formed using a
kitchen  meat grinder (Panasonic MK-G 1800P) and dried for
24 h. All the diets were sealed in plastic bags and stored at
20EC throughout the experiment. The formulation and
composition of the experimental diets (% dry weight) are
reported in Table 2.

Fish feeding experiment: In this study, fingerlings
(22.55±2.29 g) of Nile tilapia, (O. niloticus), were obtained
from the aquaculture experimental station at Layo (Dabou,
Côte d’Ivoire). One hundred fifty fish were transported to the
Oceanological Research Center (CRO, Abidjan) and acclimated
to the experimental conditions for two weeks before the
feeding experiment began. During the acclimation period, the
animals received a commercial diet (35% protein) twice daily
(8 am and 4 pm). Then, fish were distributed into fifteen glass
aquaria with 10 animals per aquaria and 3 replicate glass
aquaria were assigned to each of 5 dietary treatments. The
glass aquaria (50 L containing 45 L tap water that had
undergone a natural dechlorination of 24 h before adding fish)
were in a closed water system23. An electric motor pump
ensured a constant flow (1.5 L minG1) of well-aerated water.
The water was filtered by  setting  at  30%  daily  exchange.
The water was completely replaced  weekly.  Every  day  at
7:30  am,  before feeding, the temperature (28.37-28.43EC) and

Table 1: Proximate composition of the feed ingredients (% dry weight)
Ingredients Proteins Lipids Ash Fibres
Fish meal 45.23 8.75 20.35 -
Soybean meal 45.25 4.30 5.95 5.22
Wheat bran 18.81 3.89 5.86 10.16
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Table 2: Formulation and composition of the experimental diets (% dry weight)
Digestive juice (%)
--------------------------------------------------------------------------------------------------------------------------------------------

Ingredient (g/100 g) R-0 R-1.5 R-2.5 R-5 R-I*
Fish meal 30.00 30.00 30.00 30.00 30.00
Soybean meal 25.00 25.00 25.00 25.00 25.00
Wheat bran 9.00 9.00 9.00 9.00 9.00
Maize starch 30.00 28.50 27.50 25.00 25.00
Fish oil 4.00 4.00 4.00 4.00 4.00
Digestive juice 0.00 1.50 2.50 5.00 5.00
Vitamin mixture 1.00 1.00 1.00 1.00 1.00
Mineral mixture 1.00 1.00 1.00 1.00 1.00
Total 100.00 100.00 100.00 100.00 100.00
Proximate analysis (% dry matter)
Protein 24.51 24.73 24.99 26.06 25.76
Lipid 8.05 8.12 8.25 8.58 8.34
Ash 15.91 15.62 15.87 14.88 17.93
Fibre 2.22 2.23 2.24 2.25 2.26
Carbohydrates 42.39 42.35 41.94 41.78 39.56
Reducing sugars (mg gG1) 8.67 11.20 15.53 15.53 10.53
DE (KJ gG1) 12.18 12.24 12.30 12.75 12.09
Protein/DE (mg KJG1) 20.12 20.20 20.32 21.06 21.11
1Per kg premix; Cobalt: 20 mg, Iron: 17 600 mg, Iodine: 2 000 mg, Copper: 1 600 mg, Zinc: 60 000 mg, Manganese: 10 000 mg and Selenium: 40 mg. 2Per kg premix;
Vitamin A1: 760 000 IU, Vitamin D3: 880 000 IU, Vitamin E: 22 000 mg, Vitamin B1: 4 400 mg, Vitamin B2: 5 280 mg, Vitamin B6:  4  400  mg,  Vitamin  B:  1  236  mg,
Vitamin C: 151 000 mg, Vitamin K: 4 400 mg, Vitamin P: 35 200 mg, Folic acid: 880 mg, Choline chloride: 220 000 mg and Pantothenic acid: D 14 080 mg. 3Digestible
energy: 18,8×protein +37,7×lipid content +11,3×carbohydrate content (Smith50 and Page and Andrews51). *Diet containing 5% digestive juice heated to 100EC for
5 min

dissolved oxygen (5.89-6.29 mg LG1) were recorded using a
multi-parameter (BANTE 900P) and the pH (7.09-7.18) was
measured with a pH metre (WTW 330). The total ammonia-N
nitrate-N concentration (0.24-0.44 mg LG1) was measured
according to Aminot and Chaussepied24.

After the acclimation period, the fish were fed until
apparent satiation with  the  experimental  diets  twice  daily
(8 am and 4 pm) for 56 days. To quantify the exact feed intake,
the refused feed was siphoned out one hour after feeding,
dried and weighed. Once a week, five fish were randomly
sampled in each glass aquaria to measure their body weights
and the glass aquaria were cleaned. The dead fish were
removed from the glass aquaria each day. At the beginning of
the experiment, an initial sample of ten fish was taken and
frozen (-20EC) for subsequent whole-body proximate analysis.
At the end of the experiment, the weight of each fish was
recorded. Ten fish from each diet group were stored at -20EC
for whole-body composition analysis. Three hours after
feeding, five fish from each diet group were dissected and the
intestines were collected. These were ground in sodium
chloride (9 g LG1) and the homogenate was centrifuged at
6000×g for 30 min. The supernatant was collected in a sample
vial and stored at -20EC until use.

Evaluation of the growth performance parameters: The
daily weight gain (DWG), feed conversion ratio (FCR), specific

growth rate (SGR), protein efficiency ratio (PER), protein gain
(PG), lipid gain (LG) and gross energy (GE) metabolism were
calculated as follows:

W2-W1DWG = 
t

2 1100 (LnW LnW )SGR = 
t


Where
W1 = The initial body weight
W2 = The final body weight
t = Duration of the experimental period

Dry feed consumedFCR = 
Wet weight

Wet weight gainPER = 
Protein consumed

Protein gain or lipid gain = Final carcass nutrient
content-Initial carcass nutrient

GE = 22.2×protein content+38.9×lipid
content+17.2×carbohydrate content25

718



Pak. J. Nutr., 18 (8): 716-725, 2019

120

100

80

60

40

20

0

Su
rv

iv
al

 ra
te

 (%
)

a a b c
a

(a)

R-0 R-1.5 R-2.5 R-5 R-1
Experimental diets

60

40

20

0

Fi
sh

 w
ei

gh
t (

g)

(b)

0
Period of feeding (days)

a a a a a

a a
b b

R-0       R-1.5      R-2.5      R-5        R-l

56

c

Proximate composition analysis: The proximate composition
of the feeds and the fish carcasses were analysed following the
AOAC26 methods: crude protein (N×6.25) was determined by
the Kjeldahl method after acid digestion; crude lipids were
determined by the ether extraction method (Soxtherm,
Gerhardt, Germany); dry matter was determined by oven-
drying at 105EC for 24 h; the ash and crude fibre were
determined by combustion at 550EC in a muffle furnace to a
constant weight and by acid/alkali digestion, respectively; the
gross energy content was calculated for the fat and protein
contents using the equivalents  of  38.9  kJ  gG1  crude  fats,
22.2 kJ gG1 crude proteins and 17.2 kJ gG1 carbohydrates
(NFE)25.

Glycosidase analysis: The activities of amylase needed to
digest starch and glycogen into glucose and maltose27 and
invertase, also called beta-fructofuranosidase or sucrase
splitting sucrose into glucose and fructose28, were measured
in the intestines of the O. niloticus. The activities of these
enzymes were measured by estimating the reducing sugars
released after a known period of time29. Briefly, the enzyme
preparation was mixed with 1% (w/v) starch or a sucrose
solution and a phosphate buffer. The reaction mixture was
incubated at 37EC for 30 min. Then, dinitro salicylic acid (DNS)
was added to stop the reaction and kept in a boiling water
bath for 5 min. After cooling, the reaction mixture was diluted
with distilled water and the absorbance  was  measured  at
540 nm. Glucose was used as the standard and amylase
activity was expressed as µ mols of glucose released from
carbohydrates per min per mg protein (UI or U mgG1 protein).
The quantification of the protein in the intestines was
measured using bovine serum albumin as the protein
standard30.

Statistical analysis: The data were analysed using a one-way
analysis of variance (ANOVA) using Statistica 7.1 software.
Duncan’s multiple range test was used to compare the
differences between the treatment  means  when significant
F-values were observed. All percentage and ratio data were
arc-sin transformed before analysis31. The treatment effects
were considered to be significant at p<0.05.

RESULTS AND DISCUSSION

Results
Survival rate and weight: The survival rate of the O.  niloticus
fed the experimental diets (R-0, R-1.5, 2.5, 5 and R-I) for 56 days
is   illustrated   in   Fig.   1a.   The   percentages  of  the  fish  that

Fig 1(a-b): Comparison of the (a) Survival rate and (b) Weight
of the tilapia O. niloticus  after 56 days of feeding
with diets containing different  amounts of
digestive juice from the snail A.  ventricosa
The data  are  expressed  as  the  mean±SD.  For  the weight, 
different  letters  denote  significant differences (Duncan’s test,
p<0.05) between the  diet treatments within each feeding period

survived were 90.7, 91.3, 94.7, 96.7 and 90.3% in the groups
fed with diet R-0, R-1.5, R-2.5, R-5 and R-I, respectively. After 56
days of feeding, the body weights ranged from 43.06-51.29,
with the highest value observed in the fish fed with diet R-5
(51.29±4.67 g) (Fig. 1b). The fish fed with diet  I  containing
5% inactivated digestive juice (heated at 100EC for  5 min)
showed a body weight value of 45.6±4.1 g compared to
43.88±5.88 g for the fish fed with 0% digestive juice (control
diet). There was a significant increase in the mean survival rate
and the body weight between the diet treatments, with  the
R-5 group having the highest mean survival rate and body
weight (p<0.05).

Daily weight gain and specific growth rate: The daily weight
gain was significantly influenced by the diet treatments
(p<0.05, Fig. 2a), with the  highest  mean  value  observed in
the R-5 group (0.51±0.07 g dayG1).  No  differences  in  the
daily weight gain were  recorded  between  the R-0
(0.38±0.07 g dayG1) and the R-2.6 (0.36±0.04 g dayG1) groups
and  between  the   R-1.5   (0.41±0.06   g   dayG1)   and   the  R-I
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Fig 2(a-b): (a) Daily weight gain (g dayG1) and (b) Specific growth rate (% g dayG1) of O.  niloticus  after 56 days of feeding with
diets containing different levels of digestive juice from the snail (A.  ventricosa). Each value represents the Mean±SD
Different letters indicate significant differences (Duncan’s test, p<0.05) between the diet treatments

Fig 3(a-d): The mean (a) Feed conversion rate, (b) Protein efficiency ratio, (b) Protein gain and (b) Lipid gain in O.  niloticus  after
56 days of feeding with diets containing different levels of digestive juice collected from the snail A. ventricosa
Different letters denote significant differences (Duncan’s test, p < 0.05) between the diet treatments

(0.41±0.05 g dayG1) groups. The specific growth rate (Fig. 2b)
was significantly influenced by the diet treatments (p<0.05),
with the highest value measured in the fish fed with R-5
(1.44±0.14% dayG1). The R-0 and R-2.5 groups  showed similar
responses,  which  was  also  the  case  for  the  fish  fed  R-1.5
and R-I.

Feed conversion rate and protein efficiency ratio: The best
feed conversion rate corresponding to the lowest value
(1.37±0.16) was observed in the fish fed with R-5 (Fig. 3a),
compared to the R-2.5 (1.87±0.1), R-0 (1.78±0.17), R-I
(1.64±0.2) and R-1.5 (1.60±0.07) diets. With respect to the
protein efficiency  ratio  (Fig. 3b),  the  fish  fed R-5 showed the
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Table 3: Body composition of Nile tilapia fed with the different diets (on percentage fresh basis)
Digestive juice (%)
-------------------------------------------------------------------------------------------------------------------------------------------------------------------

Parameters R-0 R-1.5 R-2.5 R-5 R-I
Moisture (%) 75.23±0.53b 75.18±0.74b 75.25±0.28b 73.89±0.53a 75.67±0.52b

Crude protein (%) 14.38±0.03a 14.63±0.16a 14.17±0.16a 15.1±0.03b 14.8±0.04ab

Total fat (%) 4.85±0.1a 5.14±0.01b 4.64±0.05a 5.44±0.03c 5.14±0.11b

Ash (%) 4.8±0.21b 3.48±0.67a 4.48±0.25b 3.67±0.47a 3.84±0.23a

Gross energy (Kj gG1) 5.21±0.09a 5.52±0.3b 5.2±0.02a 5.8±0.05b 5.38±0.17a

Each value indicates the mean±standard deviation (Mean±S.D) (n = 3). Different letters indicate significant differences at p<0.05 between the diets. Initial composition
of the fish; Moisture: 75.1%, Crude protein: 13.78%, Fat: 4%, Ash: 3.94% and Gross energy: 5.16 kJ gG1

highest mean protein efficiency ratio (2.73±0.31), while the
lowest value (2.15±0.11) was found in the heat inactivated
digestive juice group (R-I). The feed conversion rate and
protein efficiency ratio were significantly influenced by the
diet treatments (p<0.05).

Protein gain and lipid gain: The protein gain and lipid gain
data are shown in Fig. 3c and d,  respectively.  The  protein
gain and lipid gain were significantly influenced by the
experimental diets (p<0.05). For protein gain, similar
responses were observed in the R-2.5 and R-I groups, the R-1.5
and R-5 groups and the R-5 and R-0 groups. For the lipid gain
data, the highest value (0.6 ± 0.1 g kgG1 dayG1) was observed
in the O.  niloticus  fed the diet R-5, while a similar response
was detected in the fish fed with the R-2.5 and R-I diets and for
those fed with the R-0 and R-1.5 diets.

Fish body composition: The final body composition of the
Nile tilapia at the start and end of the 56 d experimental
period is summarized in Table 3. The R-5 group showed the
lowest mean moisture value (73.89±0.53), whereas the
highest values (approximately 75%) were observed in the fish
fed the control diet (R-0) and the other  experimental  (R-1.5,
R-2.5 and R-I) diets. The highest crude protein content value
was recorded in the R-5 and R-I groups and the lowest value
was obtained from the fish fed the R-0, R-1.5 and R-2.5 diets.
The fat content was high in the R-5 group, while the other
groups showed low fat levels. A high ash level (4.8%) was
recorded in the fish reared with the R-0 and R-2.5 diets
compared to the ash content of 3.5% for the other
experimental diets. A high gross energy level was recorded in
the fish fed the R-5 diet and the lowest value was observed
with the control and R-2.5 diets.

Glycosidase activities: The activities of the two glycosidases
(UI or  U  mgG1  protein)  measured  in  the  intestines  of  the
O. niloticus  fed with the experimental diets are illustrated in
Figure 4. Amylase activity was found in all the groups (Fig. 4a),
while no invertase activity was detected in the fish fed the R-0

Fig 4(a-b): Mean enzyme (amylase and invertase) activities in
the intestines of O. niloticus  fed diets containing
different levels of digestive juice of A. ventricosa
ND: Not detected. Different letters indicate significant differences
(Duncan’s test, p<0.05) between the diets

and R-I diets (Fig. 4b). The activity of amylase ranged from
2.07±0.03 U mgG1 protein (R-0) to 2.22±0.13 U mgG1 protein
(R-2.5). For invertase, the highest value (0.1±0.05 U mgG1

protein) was recorded in the R-2.5 group and the lowest
(0.01± 0.01 U mgG1 protein) was in the R-1.5 and R-5 groups.

DISCUSSION

In   the   current   study,   the   growth    performance   of
O.  niloticus  was affected when fish were fed carbohydrate-
rich diets supplemented with the digestive juice of the  snail
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A.  ventricosa.  Overall, the body weight, daily weight gain and
specific growth rate increased with the increase in the amount
of digestive juice, with the highest growth performance
observed in the fish fed diets containing 5% digestive juice
(diet R-5). The fish fed diets containing 5% heated digestive
juice (R-I) showed a similar growth performance to the fish fed
the control diet (R-0). The incorporation of heated digestive
juice did not improve the digestibility of the diets. The
digestibility of the diet, in other words, the proportion of the
nutrients in the feed digested and absorbed by the fish32, is
reported to be crucial for growing animals33. The best feed
conversion rate (1.37±0.16) (Fig. 3a) and the highest protein
efficiency ratio (2.73±0.31) (Fig. 3b) were obtained for the fish
fed the R-5 diet. This shows the good digestibility of the diets
containing the snail digestive juice. In fact, the digestive juices
of snails are recognized to contain most of the carbohydrase
enzymes responsible for glucide digestion19,34-36. The results
showed that the addition of digestive juice containing the
enzymes able to degrade carbohydrates could increase the
nutritional value of  the  diets  for  fish.  As  reported  by
Castillo and  Gatlin37,  the  use  of  exogenous  carbohydrases
improved nutrient digestibility by hydrolysing the non-starch
polysaccharides from plant feedstuffs. Soybean meal is known
to contain a variety of anti-nutritional factors, such as trypsin
inhibitors, which have a negative effect on its nutritional
value38. In our study, soybean was used as a plant source of
proteins in the fish diet formulation (Table 1 and 2). The
digestive juice of the snail A. ventricosa,  which contains
lipases and proteases39,40,  could  be  used  to  degrade  the
anti-nutritional factors in the diets of fish to improve growth
performance.

In the Nile tilapia, the intestinal amylase activity ranged
from 2.07-2.22 U mgG1 protein and showed a high value in the
fish fed the R-2.5 and R-5  diets  that  contained  more
reducing sugars. These results are  consistent  with  those of
Al-Tameemi et  al.41, who reported that O. niloticus  had the
ability to increase their amylase activity with increasing
amounts of carbohydrates in their diet. As shown in Table 2,
adding the digestive juice of A. ventricosa  to diets rich in
carbohydrates (42.03±0.22% dry matter) increased the
reducing sugars from 8.67 mg gG1 (R-0 diet) to 15.53 mg gG1

(R-2.5 and R-5 diets). When comparing the amylase activity
values of different fish species, the large differences observed
between species is attributed to their feeding habits42, the
nature of the formulated feed43 and the feeding frequency44.
Nevertheless, most reports on amylases in fish conclude that
omnivorous species such as tilapia fish have higher amylase
activities than carnivorous fish41,45. In the majority of studies
thus reported, of the two forms of amylase, "-amylase is the
most studied in fish species41,42, including tilapia46. The study

performed  by  Fagbenro  et  al.47  reported  the  presence   of
α-amylase in the different regions of the O. niloticus  gut, i.e.,
the stomach (0.951±0.069 mg glucose minG1 mgG1 protein),
duodenum (0.758±0.084 glucose minG1 mgG1 protein) and
ileum (0.421±0.013 glucose minG1 mgG1 protein). Regarding
the second glycosidase, the fish fed the R-2.5 and  R-5 diets
rich in reducing  sugars  showed  higher  invertase activity
than the fish reared with the control diet and the other
experimental diets. The current findings are in agreement with
Fagbenro et  al.47, who reported a variety of glycosidases, such
as maltase, lactase and cellulase, in O.  niloticus,  indicating the
ability of this fish to digest a variety of carbohydrate food
components.

It is noteworthy that the Nile tilapia fed the R-5 diet
displayed the highest lipid gain (0.6 g kgG1 dayG1) compared to
the fish fed the control diet (R-0), while for protein gain, no
significant response (1.4 g kgG1 dayG1) was noted between the
fish fed the R-5 and control (R-0) diets. In fish, growth is
recognized as the deposition of protein and lipid48. According
to our results, protein gain was more important than lipid gain
and one reason is that fish are gaining more protein and less
lipid during growth. At the end of the 56 d experimental
period, the fish fed with the R-5 diet had the highest body
protein content (15.1.±0.03% on a dry matter basis)
compared to 14.38±0.03% for the fish reared with the control
diet (R-0). The tilapia fed the R-5 diet also showed the highest
final body lipid level (5.44±0.03% dry matter) compared to
the fish reared with the control diet (4.85±0.1% dry matter).
From the beginning, these findings showed that O. niloticus
has the ability to utilize carbohydrates for energy, saving
protein for deposition and growth. Most commercial feeds
today are formulated to increase growth performance by
exploiting the protein-sparing effect of high energy
carbohydrate diets49.

Findings of the present study agree with earlier study by
Yeo et al.23,  suggesting  the  replacement  of  fish  meal
protein with non-protein energy sources such as
carbohydrates for aquaculture, specifically tilapia culture. The
addition of digestive juice containing digestive enzymes such
as glycosidase from the snail A. ventricosa to diets rich in
carbohydrates increased food digestibility and improved some
zootechnical performances in the cultured fish. The present
study has indicated that adding 5% digestive juice to diets
allows for optimal growth. Since the presence of the digestive
juice at 2.5% showed high invertase activity in the intestines
of the fish, further study must be performed to determine an 
optimal proportion of enzymes to add to the diet for better
growth optimization. Unlike proteins and lipids, there is no
need for carbohydrates in fish. However, one must pay special
attention  to  the  use  of  high  carbohydrate  foods  for  tilapia.
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Indeed, the addition of enzymes leads to a high concentration
of simple sugars in the diets. It would be interesting to further
investigate whether the use of carbohydrate-rich diets would
affect glycaemia regulation in O. niloticus.

CONCLUSION

This    study    showed   that   the   incorporation   of   5%
A.  ventricosa  digestive juice in experimental diets containing
40%   carbohydrates   improved   growth  in  juvenile  tilapia,
O niloticus. The determination of the optimum content of the
digestive juice enzyme would better use this ingredient in the
formulation of carbohydrate-based feeds for fish.

SIGNIFICANCE STATEMENT

This study evaluates the efficiency of snail digestive
enzymes in cereal-rich diets on growth performance in
juvenile tilapia, Oreochromis niloticus. The results of this
research make it possible for food manufacturers and fish
farmers to develop cheaper and cost-effective cereal-based
foods. This research opens up the prospect of using natural
enzymes to improve the feed efficiency of cereals in fish.
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