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Abstract
Digeston-1 (fermented soybean meal) is produced by controlled lactic acid fermentation with natural lactic acid
bacteria. In the present study, a total of 150 fish with average initial body weight 10.11 g were randomly stocked into
15 aquaria to study the effect of Digeston-1 on performance and growth parameters of Nile tilapia (Oreochromis
niloticus) fingerlings. Results revealed that the group fed diet contain Digeston-1 recorded the highest (P<0.05) growth
parameters in terms of final body weight gain, average daily gain and specific growth rate compared with those fed
the control diet. The Nile tilapia in the trial groups consumed less feed, which led to a considerable reduction of the
feed costs. The results also showed that the FCR, PER and PPV% were high significantly (P<0.05) for fish fed diet
containing Digeston-1 compared to fed control diet. Body composition; DM, CP, EE, Ash and energy content of Nile
tilapia during the experiment showed no changes in whole body composition among all experimental diets. Results
of Hematological parameters (WBCs, RBCs, Hb, PCV and Differential leucocytes count) of fish fed diets containing
various levels of Digeston-1 indicated that there were no significant (P>0.05) differences among the tested dietary
treatments. The treated diets had slightly higher white blood cells count, red blood cells count, hemoglobin and PCV
than control diet. On contrast, total protein was increased (P>0.05) by Digeston-1 supplementation specifically, by
0.50% and 0.70% level. Moreover, Digeston-1 supplementation had no significant effect (P>0.05) on Aspartate
aminotransferase (AST) and alanine aminotransferase (ALT) concentrations compared with unsupplemented group.
It is concluded that the addition of Digeston-1 diets at 0.5% level improve and enhance the growth performance of
Nile tilapia, Oreochromis niloticus, fingerlings.
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Introduction
Soybean meal (SBM) is commonly used as an effective plantderived protein in animal feed industry. DIGESTON-1 is a concentrate
of live lactic acid bacteria carried on a base of soya bean meal. However,
variety of antinutritional factors (ANFs), such as trypsin inhibitor
and lectins and soya globulins contained in soybeans are limiting the
wide application of soybean meal in animal especially young animal
feed [1,2]. In Far East Asia, fermentation processes have been used
to prepare traditional soybean food commonly known as “Dou-BianJiang” in China, “Miso” in Japan, and “DuenJang” in Korea [3]. These
fermented soy food are highly digestible and nutritious, contributing
important nutrients including calcium and Vitamins A and B, as well as
functional properties such as laxative effects, and anti-cancer properties
[4].
Currently, considerable attention is being given to the use of
probiotics in animal feeding programs. Traditional probiotics are lactic
acid bacteria, such as Lactobacillus casei, L.acidophilus and Streptococci.
Probiotics regulate the microbial environment of the intestine, decrease
disturbances, inhibit pathogenic intestinal micro-organisms and
improve feed conversion efficiency [5]. As a probiotic agent, it may
act through improvement of the balance of the intestinal microflora. It
improves health performance and increases growth rates [6]. The most
positive effect is expected especially in suboptimal hygienic conditions
in indoor animals. Lactobacilli are widely distributed on the surface of
plants, in digestive tract of animals and in the environment.
Wu and Jing [7] suggested that, fermentation could improve protein
digestibility, essential amino acid index and protein efficiency ratio
of soybean meal. Fermented soybean meal (FSBM) is manufactured
through fermentation of dehulled soybean meal by high active yeast,
lactic acid bacteria and Bacillus, and drying. It is assumed that the
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FSBM in his study was a purified product and fermented so that the
anti-nutritional factors were partly destroyed. You have to be sure
whether it is purified product or not. Fermentation using Lactobacillus
sp. has been used to reduce the levels of non-starch carbohydrates in
wheat and barley whole meals [8,9].
According to our knowledge, the information regarding effects of
Digeston-1 on growth performance in fish is limited. Therefore, the
current study was conducted to evaluate growth performance and
plasma biochemical parameters in Nile tilapia (Oreochromis niloticus)
fingerlings fed a FSBM diet.

Materials and Methods
This work was carried out during summer season, 2012 at the Wet
Fish Lab., Department of Animal Production, Faculty of Agriculture,
Kafrelsheikh University, Egypt.

Digeston-1
Fermentation products such as Digeston-1 are made by specific
lactic acid fermentation of heat treated soybean meal and malt, using
a multiple mixture of lactobacilli and pediococcus, selected from their
natural habit. It contains a) viable lactic acid bacteria (L. plantarum, L.
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brevis, L. reuteri, L .casei and pediococcus acidilactici). b) Lactic acid
fermentation metabolites and enzymes (organic acids, glucosidase and
peptidase enz.). c) Free (soluble) amino acids and short-chain peptides.

Items
Herring fish meal, 72% CP

10

(From Produktionsgemeinschaft F. u. H. EGGER GmbH, AT 4011
A-8413 Mitterlabill 19, Austria) (Table 1).

Soybean meal, 44% CP

42

Yellow corn

24

Experimental fish

Rice bran

10

Wheat bran

10

Sunflower oil

3.0

Vitamins1

0.5

Nile tilapia (Oreochromis niloticus) fingerlings were obtained from
a private fish farm at Tolompate 7, Kafr El-Sheikh governorate, Egypt.
Fingerlings were placed in a fiberglass tank and randomly distributed
into glass aquaria to be adapted to the experimental condition until
starting the experiment. All fish were fed the control diet during the first
7 days after stocking to adapt them to feeding and handling practices.
After that, the fish were fed the experimental diets.

Experimental design of rearing fish
Fish (n=150; 10.11 ± 0.07 g) were randomly divided into fifteen
aquaria (70 L each) in triplicates (10 fish per replicate). One third
of water aquaria were replaced daily and totally once a week after
removing wastes. Fresh tap water was stored in fiberglass tanks for
24 h under aeration for chlorination. Fifteen air stones were used
for aerating the aquaria water. All aquaria were maintained under a
constant photoperiod (12 h dark/light) provided by white fluorescent
lamps. Fish feces and feed residue were removed daily by siphoning.

Experimental diets and feeding regime
The fish were adapted to a basal commercial diet [control diet
(T1)] containing 30.11% crude protein and were consisted of herring
fish meal, soybean meal, yellow corn, rice bran and wheat bran for two
weeks. Four experimental commercial diets were formulated to contain
0.1, 0.3, 0.5 and 0.7% Digeston-1 (Table 2).
A basal diet was formulated using the commercial ingredients. The
dry ingredients were finely ground and mixed by a dough mixer for
20 minutes for homogeneity. Oil was gradually added while mixing.
After homogenous mixture, forty ml water per hundred gm. diet was
slowly added to the mixture according to Shimeino et al. [10]. The diets
were cooked on the water evaporator for 20 minutes. The diets were
pelleted (3 mm) through fodder machine and the manufacture pellets
were dried using oven at 70°C for 48 hours. The diets were collected,
tagged and stored in a refrigerator at 4°C.
Fish in all treatment were daily fed the experimental diets at a level
of 5, 4 and 3% of the body weight daily for the first, the second and the
third four weeks, respectively. Feed amount was given three times daily
(900, 1200 and 1500) in equal portions, six days a week for 12 weeks.
Fish were weighed biweekly and feed amounts were adjusted on the
basis of the new weight. Mortality was monitored daily and recorded.

Analytical procedures
Moisture, crude protein (%N×6.25), crude lipid, crude fiber and
Proximate composition (%)

DIGESTON-1

Crude protein

48

Crude fiber

5.4

Crude ash

6.3

Crude oil and fat

2.2

Sodium
Lysine
Methionine

2
3
0.7

Table 1: Proximate composition of Digeston-1 used in the experiment (%).
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Control diet (On DM basis, %)

Feed ingredients

Minerals premix2

0.5

Total

100

Chemical composition (%)
Dry matter

88.98

Crude protein

30.11

Ether extract

8.19

Crude fiber

7.50

Total ash

7.71

Nitrogen free extract3

46.49

Calculated energy value
GE (kcal/kg)4

4437

DE (kcal/kg)5

3328

P/E,mg/kcal6

90.47

Mineral premix consisted of (mg kg-1 premix): 2600 mg Mn, 600 mg Cu, 6000 mg
Fe, 4600 mg Zn, 50 mg Se, 100 mg Iu, 50 mg Co, 100,000 mg choline chloride, up
to 1 kg carrier (Local market).
2
Vitamin premix consisted of (mg kg-1 premix): 1,200, 000 IU Vitamin A, 400,000
IU Vitamin D3, 3000 IU Vitamin E, 1200 mg K3, 5400 mg C, 200 mg 2, 200 mg
B1, 3360 mg B2, 7200 mg B3, 9000 mg B5, 2400 mg B6, 600 mg B9, 4 mg B12
(Local market).
3
Nitrogen free extract concluded by difference
4
GE (Gross energy) was calculated according to NRC [12] by using factors of 5.65,
9.45 and 4.22 K cal per gram of protein, lipid and carbohydrate, respectively .
5
DE (Digestible energy) was calculated by applying the coefficient of 0.75 to convert gross energy to digestible energy according to Hepher et al. [39].
6
P/E (protein energy ratio)=crude protein×1000/digestible energy/100 g, according
to Hepher et al. [39].
1

**Treatments: T1 (control): without supplements, T2: 0.1% DIGESTON-1, T3: 0.3%
DIGESTON-1, T4: 0.5% DIGESTON-1 and T5: 0.7% DIGESTON-1.
**Values of diets content were within the range suggested for tilapia by Jauncey
and Ross [40] and NRC [12].
Table 2: Composition and proximate analysis of the experimental diet.

ash contents of diet ingredients and a sample of fish at the beginning
and end of the experiment were determined in triplicate according to
A.O.A.C [11] methods as follows: moisture was determined by ovendrying at 105°C for 24 h; lipid by extracting the residue with 40-60°C
petroleum ether for 16 h; fiber as loss on ignition of dried lipid-free
residues after digestion with 1.25% H2SO4 and 1.25% NaOH; ash by
ignition at 550-600°C to constant weight; total nitrogen by microKjeldahl method. Gross energy (GE) contents of the experimental diets
and fish samples were calculated using factors of 5.65, 9.45 and 4.22
kcal/g of protein, lipid and carbohydrates, respectively [12].

Measurements of water parameters
Water samples were taken each two days for ammonia and pH
analysis. Analytical methods were done according to the American
Public Health Association [13]. The pH values were determined by a
digital pH-meter. Water temperature and oxygen level were measured
daily at 8 o'clock by Oxygen meter model 9070. In all treatments, water
quality parameters for water temperature ranged between 27.00 to
27.80°C, pH ranged from 7.22 to 7.54; dissolved oxygen ranged from
6.33 to 6.88 mg/L and water ammonia ranged from 0.06 to 0.10 mg/L.
All the water quality parameters were within the acceptable ranges for
fish growth [14].
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Measurements of growth and feed utilization parameters
Body weight of fish in each aquarium was measured at start and
every two weeks during the experimental period (12 weeks). Diet
performance was evaluated as follows:
-Average weight gain, AWG (g/fish)=Wt-W0.
-Average daily weight gain, ADG (g/fish/day)=Wt-W0/t.
**Where Wt is weight of fish at time t, W0 is weight of fish at time 0,
and t is the experimental period in days.
-Feed conversion ratio, FCR=dry feed fed/wet weight gain.
-Protein efficiency ratio, PER= wet weight gain/Protein fed.
-Protein productive value, PPV (%)=100×(protein gain/protein fed).
-Survival rate, SR=100 (Total No. of fish at the end of the
experimental/Total No. of fish at the start of the experiment].

Blood parameters determination
At the end of the experiment, fish in each aquaria were weighed
and three blood samples were taken randomly from the caudal vein for
blood analysis and differential leukocyte count, Anti coagulated blood
samples were prepared immediately for counting red and white blood
cells etc.
Red blood cells count (RBCs×10 |mm ) and white blood cells count
(WBCs×103|mm3): were measured on an A bright-line Haemocytometer
model (Neubauer improved, Precicolor HBG, Germany) by using a
commercial kits (Ranox company, Germany) according to the method
described by [15]. Hemoglobin concentration (Hb gm/dl): was
determined according to the method of Zinkl [16]. Packed cell volume
(PCV %) was estimated by the microhaematocrite method as described
by Dacie and Lewis [17]. Differential leukocyte count, the relative and
absolute count was estimated according to Vankamlen [18].
Items

3

Treatments No (On DM basis, %)
T1
(Control)

SE*

T2

T3

T4

T5

10.13

10.11

10.12

10.10

Initial weight, g/fish

10.11

Final weight, g/fish

36.75 b

37.00 b 41.97 a 42.92 a 42.64 a 0.54

Average total gain1,
g/fish

26.64 b

26.87 b 31.86 a 32.80 a 32.54 a 1.52

Average daily gain2,
g/fish/day

0.32 b

0.32 b

0.38 a

0.39 a

0.39 a

0.07

Specific growth rate3
(SGR % /day)

1.53 b

1.54 b

1.69 a

1.72 a

1.71 a

0.11

90

90

95

100

100

2.10

Survival rate4, %

0.07

Feed intake (FI), DM
g/fish

47.36 a 45.96 ab 44.60 b 42.98 c 42.63 c 1.86

Feed conversion ratio5
(FCR)

1.78 a

1.71 b

1.40 c

1.31 d

1.31 d

0.11

Protein efficiency ratio6
(PER)

1.87 c

1.94 c

2.37 b

2.53 a

2.53 a

0.20

Protein productive value
7 (PPV, %)

30.29 c

36.64 b 45.44 a 48.70 a 49.12 a 1.21

Energy retention8
(ER, %)

21.71 b

23.43 b 28.65 a 30.50 a 30.66 a 1.07

*Means in the same rows having different superscript letters were significantly
different at P<0.05 levels.
*Standard error of the mean derived from the analysis of variance.
Table 3: Growth performance parameters of Nile tilapia (O. niloticus) fed on the
experimental diets.
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Initial
fish

Wet weight, %

78.48

Crude protein, %

Treatments
T1, Control

T2

T3

SE*
T4

T5

73.56

72.89

72.79

72.75 72.73

2.24

53.15

56.41

56.51

57.68

57.86 58.24

1.33

Ether extract, %

16.95

19.87

19.75

19.66

19.57 19.70

0.50

Ash, %

13.25

15.97

15.86

15.68

15.60 15.54

539

539

543

Energy, Kcal/100 g 531

-Specific growth rate % day, SGR (%/day)=100×(In Wt-In W0)/t

6

Items

541

543

0.11
2.87

*Means in the same columns having different superscript letters were significantly
different at 0.05 levels.
*Means of the standard error derived from the analysis of variance.
Table 4: Effect of Digeston-1 on Nile tilapia body composition (%, on wet weight
basis not).

Total proteins (TP) was measured according to the method of
Henry [19] using reagent kits obtained from Diamond Diagnostic
Company, Egypt. Alanine Aminotransferase (ALT; U|L) and Aspartate
Aminotransferase (AST; U|L): and activities were assayed according to
the method of Reitman and Frankel [20] using reagent kits purchased
from Randox Company, UK.

Statistical analysis
Data were statistically analyzed using SPSS software program [21]
for one-way analysis of variance. When F-test was significant, least
significant difference was calculated according to Duncan [22].

Results and Discussion
Survival rate growth responses to digeston-1
The survival rate of Tilapia fingerlings ranged between 90 and 100%
and was significantly (P<0.05) affected by dietary addition (Table 3).
Fingerlings fed supplemented diets containing Digeston-1 had higher
gain, ADG, and SGR compared to unsupplemented one specifically at
0.5% Digeston-1 supplementation. Fish fed control diet (D1) exhibited
the lowest final body weight (32.75 g/fish) while D4 group exhibited the
highest weight (42.92 g/fish).
Feed intakes were significantly decreased (P<0.05) in fish fed the
Digeston-1 (FSBM) diets compared with fish in the control group by 3,
6, 9 and 10% for T2, T3, T4 and T5, respectively.
Feeding supplemental diets with Digeston-1 to fish groups (D4
and D5) had significant decreased values (P<0.05) of feed conversion
ratio compared with the control group. The best conversion ratio
was achieved by 0.50 and 0.70% Digeston-1 additions (1.31 and 1.31
feed intake/live weight gain) compared with control group (1.78 feed
intake/live weight gain). Generally, the best feeding efficiency was
detected by fish fed supplemental diets with Digeston-1 than those fed
the control diet. Digestaon-1 supplementation increased the protein
efficiency ratio (PER), protein productive value (PPV %) and energy
retention (ER%) significantly (P<0.05) especially, with 0.30, 0.50 and
0.70% supplementations. The lowest values of PER, PPV and ER were
recorded for the control fish.
Growth performance parameters estimated in present study
indicated that, Digeston-1 has a positive effect on growth rates and feed
utilization of Nile tilapia fingerlings especially; fish fed diets containing
0.50-0.70% Digeston-1 (Table 3). The addition of Digeston-1 to the
diets increased the body weight (16%) with the superiority of a high
level of Digeston-1 (0.5 and 0.7% on diet). The improved growth of
tilapia fingerlings fed on the diet supplemented with high Digeston-1
level may be due to modified fermentation, increased feed utilization
and reduce excretion of endogenous nitrogen [23].
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Body chemical composition ( DM, CP, EE, Ash and energy content)
of Nile tilapia at the beginning and the end of the experiment is shown
in Table 4. There was no change in whole body composition among
all experimental diets. Results showed that no significant differences
(P> 0.05) were observed in moisture, crude protein, ether extract, ash
and energy content of Nile tilapia fed diets containing various levels of
Digeston-1.
Growth performance and survival rate of Nile tilapia were improved
with the inclusion of Digeston-1 in fish diets. Similar findings were
reported by El-Hais et al. [24] using digestamin which contained FSBM
as one of its components. They found that the addition of digestamin
in the diets, especially at levels 0.15 and 0.20% improves and enhances
the growth performance of Nile tilapia fingerlings. Yamaoto et al. [25]
showed that the fermentation by compound bacteria predominantly
Bacillus spp. for 10 h until material temperature reached 80°C improved
the nutritive value of soybean meal, and the non-fish meal diet
containing this fermented soybean meal at 47.6% level attained similar
growth performance, nutrient digestibility and physiological conditions
such as biliary bile status and intestinal and liver morphologies in
rainbow trout to fish fed the fish meal-based diet.
Fermentation of SBM can provide partially digested soy proteins
that are utilized better, have trypsin inhibitors (one of the major
antinutritional compounds) removed and have modified AA profiles
resulting from microbial AA synthesis and breakdown [3]. Trypsin
inhibitor concentration in SBM can be reduced after fermentation as
well and the reduction in trypsin inhibitor concentration can improve
protein digestion in the small intestine. Therefore, the improved growth
may be attributed mostly to the improvement in the nutritional value
and the elimination of antinutritional factors in fermented soybeans
[3]. Fan et al. [26] found that markedly lower concentrations of
antinutritional components such as phytic acid, lectin, and urease
were found in FSBM as compared with nonfermented SBM. Similarly,
Wu and Jing [7] suggested that fermentation could improve protein
Items
Blood picture

Treatments
Control, T1 T2

T3

SE*
T4

T5

T. W. BCs (103/mm3) 20.75

21.35

21.75

22.25

22.35

2.31

T. R. BCs (106/mm3)

3.60

3.70

3.75

3.88

0.05

3.54

Hb (g/dl)

6.50

7.22

7.55

7.70

7.75

0.42

PCV (%)

22.75

23.97

24.25

25.25

25.50

2.10

58.75b

60.50ab

61.58ab

63.25a 1.89

Differential leucocytes count (%)
Lymphocyte

58.25b

Monocyte

1.25

150

1.75

2.00

2.00

0.01

Basophil

0.75

0.75

1.00

0.75

1.00

1.21

Eosinophil

1.50

1.75

2.25

2.25

2.50

1.86

Neutrophil

25.50

25.75

26.50

26.50

26.75

2.34

Biochemical parameters
Protein
Total Protein (g/dl)

2.60

2.75

2.80

2.85

2.95

0.20

Albumin (g/dl)

1.20

1.23

1.26

1.27

1.28

0.11

Globulin(g/dl)

1.40

1.52

1.54

1.58

1.67

0.11

Liver function
AST (U/L)

63.25

61.50

62.75

63.30

62.14

2.10

ALT (U/L)

20.25

19.00

20.25

19.75

20.00

0.16

*Means in the same columns having different superscript letters were significantly
different at 0.05 levels.
*Means of the standard error derived from the analysis of variance.
Table 5: Hematological and biochemical parameters of Nile tilapia fed on the
experimental diets containing different levels of Digeston-1.
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digestibility, essential amino acid index (EAAI) and protein efficiency
ratio (PER) of soybean meal (SBM). However, average total weight, feed
efficiency and survival rate of shrimp fed 100% fish meal diet and 25%
fermented soybean meal replacement had similar results.
Different effects can be expected from the lactic acid bacteria
strains contained in the probiotic DIGESTON-1. The bacteria should
have the ability to manifest themselves on the mucous of intestinal
wall and thereby create a natural biofilm. The barrier of the intestinal
wall is strengthened and so the access of disease causing germs to the
resorptive epithelium is prevented. Such loss of lactic acid bacteria
in the digestive system may be due to stress, change of feed, diseases
or antibiotic treatment. Further on an improvement of the mucosal
immunity can be reached.

Hematological and biochemical blood parameters
There were no significant (P>0.05) differences among the tested
dietary treatments (Table 5). The treated diets had slightly higher
than control diet in white blood cells count (WBCs), red blood cells
count (RBCs), hemoglobin (Hb) and PCV. The numbers of leukocytes
(WBCs) in fish blood are extremely variable even among conspecific
individuals, even in similar conditions and depend on many factors.
In the present study, the number of Leukocytes is a higher and it
was at range (20.75–22.35×103/mm3) for all groups were within the
range described by Osuigwe et al. [27]. Erythrocytes (RBCs) count at
range (3.54-3.88×106/mm3) in the studied O. niloticus for all groups
were within the range described by Homytowska et al. [28]. Similar
observation was noted with other species such as Rhamdia quelen,
Leucaspius delineates and Clarias gariepinus as reported by Borges et
al. [29], and Sunbleak, Leucaspius delineates by Homytowska et al. [28]
and Clarias gariepinus by Sotolu and Faturoti [30], respectively. The
hemoglobin concentration (6.50-7.75 g/dl) for all groups in studied fish
was similar to those reported by Gbore et al., Ispir et al. and Ada et al.
[31-33] but was lower than those of Curimbata (9.7 g/dl) as reported
by Adam and Agab [34]. Haemoglobin concentration was slightly
increased with increasing dietary Digeston-1. In the present study, the
mean values of packed cell volume (PCV) in O. niloticus were within
the range of the corresponding values by Sotolu and Faturoti and Ada
et al. [30,33].
There were significant (P<0.05) differences in lymphocytes between
treatment T5 and control treatment (T1) but there were no significant
(P>0.05) differences between T1 to T4. There were no significant
(P>0.05) differences among the tested dietary treatments in (Mono,
Baso, Eoso and Neutro).
The haematological picture showed an increase in the total
erythrocytic and leucocytic cell count with marked increase in the
percentage of lymphocyte and monocyte. From the histopathological
view, these results indicate that Digeston-1 enhances the humoral
immune response through increasing the number of activated
B-lymphocyte and plasma cells in the spleen and bursa of the treated
fingerlings.
On contrast, total protein was increased (P>0.05) by Digeston-1
supplementation specifically, by 0.50 and 0.70% level. These results
suggested that, fish health was improved when fed Digeston-1
supplemented diets. Moreover, Digeston-1 supplementation had
no significant effect (P>0.05) on aspartate aminotransferase (AST)
and alanine aminotransferase (ALT) concentrations compared with
unsupplemented group. Biochemical analyses such as blood chemistry
analyses often provide vital information aiding the diagnosis for health
assessment and management of cultured fish [35-37].
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These results confirm previous findings by Abdel-Tawwab et al. [3840] that biochemical parameters were improved in fish fed probiotic
during their study on the use of commercial probiotic as a growth and
immunity promoter for Nile tilapia.

Conclusion
The results of the present study confirmed that the inclusion of
Digeston-1 in the feed during Nile tilapia (Oreochromis niloticus)
fingerlings rearing is positive for their growth. This was clearly indicated
by an increase in weight gain by 16%. The Nile tilapia in the trial groups
consumed less feed which led to a considerable reduction of the feed
costs. The inclusion rate of Digeston-1 at 0.5% proved to be sufficiently
efficient.
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