
ble at ScienceDirect

HAYATI Journal of Biosciences 23 (2016) 168e172
Contents lists availa
HOSTED BY

HAYATI Journal of Biosciences
journal homepage: http : / /www.journals .e lsevier .com/

hayat i - journal-of-biosciences
Original research article
Effect of Probiotic Bacillus megaterium PTB 1.4 on the Population of
Intestinal Microflora, Digestive Enzyme Activity and the Growth of
Catfish (Clarias sp.)

Wahyu Afrilasari,1 Widanarni,2 Anja Meryandini3*

1 Study Program of Microbiology, Department of Biology, Faculty of Mathematic and Natural Science, Bogor Agricultural University, IPB Dramaga Campus,
Bogor, West Java, Indonesia.
2 Department of Aquaculture, Faculty of Fisheries and Marine Science, Bogor Agricultural University, IPB Dramaga Campus, Bogor, West Java, Indonesia.
3 Department of Biology, Faculty of Mathematic and Natural Science, Bogor Agricultural University, IPB Dramaga Campus, Bogor, West Java, Indonesia.
a r t i c l e i n f o

Article history:
Received 23 November 2015
Received in revised form
14 November 2016
Accepted 8 December 2016
Available online 3 January 2017

KEYWORDS:
Clarias sp.,
digestive enzyme activity,
intestinal microflora,
growth,
probiotic bacteria
* Corresponding author.
E-mail address: ameryandini@yahoo.com (A. Mery
Peer review under responsibility of Institut Perta

http://dx.doi.org/10.1016/j.hjb.2016.12.005
1978-3019/Copyright © 2017 Institut Pertanian Bogo
creativecommons.org/licenses/by-nc-nd/4.0/).
a b s t r a c t

This study aimed to analyze the effect of Bacillus megaterium PTB 1.4 on the population of intestinal
microflora, digestive enzyme activity, and the growth of catfish. Gnotobiotic and normal fish were used.
Treatment using gnotobiotic was divided into gnoto (with feed and 100 mg/mL rifampicin) and gnotoplus
(with feed, 100 mg/mL rifampicin, and 1% probiotic); whereas treatment using normal fish was divided
into normalplus (with feed and 1% probiotic) and normal (only feed). The amount of bacteria on
gastrointestinal tract was measured 30 days after treatments using the total plate count method. The
results indicated no significant difference in bacterial growth between gnotobiotic and normal fish. The
total amount of probiotic bacteria with normalplus treatment was significantly different with gnotoplus.
The activity of protease and amylase enzymes, and specific growth rate in normalplus treatment were
significantly higher (p < 0.05) than other treatments. Bacillus megaterium PTB 1.4 increased the activity of
digestive enzymes and the growth of catfish.
Copyright © 2017 Institut Pertanian Bogor. Production and hosting by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

As human population grows, needs for animal protein also in-
crease. Consuming fish is one of the ways to meet human needs for
animal protein and catfish is an aquaculture product which has
relatively high protein. High demand for catfish increases intensive
catfish aquaculture production. However, various problems are
emerging related to the intensive fish aquaculture activities, such as
low feed digestibility, increasing disease and decreasing water
quality. The use of artificial feed in intensive farming caused lower
feed digestibility. It was because the content of feed material in
artificial feed is difficult to digest compared with live feed.

Feed digestibility in aquaculture highly affects fish growth and
production cost. It can be improved by increasing the activity of
digestive enzymes capable of breaking feed nutrients down, one of
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which uses probiotic bacteria. The benefits the probiotic bacteria
bring for the host are among others as a nutrient source and
contribution to enzymatic digestion process (Balcazar et al. 2006).
Some studies indicated that probiotic bacteria are capable of
increasing digestive enzymes and the growth of Fenneropenaeus
indicus (Ziaei-Nejad et al. 2006), Litopenaeus vannamei (Wang 2007;
Zokaeifar et al. 2012), Cromileptes altivelis (Marlida et al. 2014), and
abalone Haliotis asinina (Faturrahman et al. 2015), increasing the
growth rate and feed efficiency of grouper (Sun et al. 2010),
improving nutrient digestibility (Putra and Widanarni 2015),
growth (Utami et al. 2015), and enhancing immune response in
tilapia (Oreochromis sp.) (Aly et al. 2008).

Hamtini et al. (2015) successfully isolated bacteria from catfish
digestive tract and obtained PTB 1.4 isolate that has proteolytic and
amylolytic activities. Based on the results of total suspended solids,
isolate PTB 1.4 is capable of degrading feed. Isolate PTB 1.4 was
identified as Bacillus megaterium (Hamtini et al. 2015). The purpose
of this study was to analyze the effect of probiotic bacteria B.
megaterium PTB 1.4 on the population of intestinal microflora,
digestive enzyme activity, and the growth of catfish.
evier B.V. This is an open access article under the CC BY-NC-ND license (http://
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2. Materials and Methods

2.1. Mutation of rifampicin resistance
Rifampicin-resistant mutant bacteria was obtained by growing

1010 CFU/mL of probiotic bacteria PTB 1.4 on Tryptic Soy Agar (TSA)
added with 50 mg/mL rifampicin. Grown bacteria were re-cultured
on TSA media added with 100 mg/mL rifampicin before evaluation
of the activity of proteolytic and amylolytic enzymes and the
growth rate of the bacteria obtained.
2.2. Proteolytic and amylolytic activity tests
Rifampicin-resistant bacteria were grown on TSA medium with

1% skim milk and 1% starch for proteolytic and amylolytic tests,
respectively. The activity of the enzymes can be identified through
the formation of clear zone around the isolate. Proteolytic and
amylolytic indices were measured using the following equation
(Lim et al. 1987).

IP=IA ¼ X1� X2
X2

where,

IP/IA ¼ index of proteolytic/amylolytic activity
X1 ¼ average diameter of clear zone
X2 ¼ average diameter of colony
2.3. Bacterial growth
Observations were conducted to determine the stationary

phase of the bacterial growth as the phase is the basis of cell
harvesting for the application of probiotic. Pure PTB 1.4 RfR

inocula (rifampicin-resistant) were inoculated on 20 mL Tryptic
Soy Broth (TSB) and incubated at room temperature for 24 hours
before re-inoculation of 10 mL culture on 90 mL TSB medium and
incubation at 28�C and 120 rpm for 24 hours. The bacterial
growth was measured using total plate count and turbidity
method.
2.4. Pathogenicity test
A total of 0.1 mL of each probiotic bacteria PTB 1.4 wild type,

probiotic bacteria PTB 1.4 RfR (rifampicin-resistant), 108 CFU/
mL Aeromonas hydrophila as positive control, and phosphate buffer
saline as a negative control was injected into catfish intramuscu-
larly. Catfish were reared in 60� 30� 30 cm3 aquarium at a density
of 10 individuals per aquarium and with average weight of
5.57 ± 0.52 g. The fish were reared for 14 days and the mortality
was observed.
2.5. Probiotic viability test in feed
Probiotic bacteria of 108 CFU/mL in concentration were grown

on TSB medium. Suspension was centrifuged at 5000 rpm for
30 minutes and phosphate buffer saline was added to the pellet
before re-suspension. A total of 1 mL probiotic bacteria was added
to the test feed and viability test of probiotic in test feed was
carried out on gnotoplus and normalplus feeds. Gnotoplus feed
contained 1% probiotic and 100 mg/mL rifampicin, whereas nor-
malplus contained 1% probiotic. All test feeds were coated with 2%
egg whites.

A total of 1 g test feed was diluted into 9 mL 0.85% NaCl before
serial dilution up to 10�6. The dilution result was spread on TSA
medium with 100 mg/mL rifampicin, after 24 hours incubation at
28�C the colonies were counted. Probiotic viability in feed was
observed on 1, 5, 10 days after storage at 4�C.
2.6. Bioassay of probiotic bacteria in catfish
2.6.1. Feed preparation

Commercial feed with 30% protein was used in this experiment.
The feed was sterilized at 120�C for 15 minutes for reducing
contaminant. The density of probiotic bacteria used was 1010 CFU/
mL. There were four types of feed tested, i.e. gnoto (with 100 mg/
mL rifampicin), gnotoplus (with 100 mg/mL rifampicin and 1%
probiotic), normalplus (with 1% probiotic), and normal (without
rifampicin and probiotic). The binder used 2% egg whites.

2.6.2. Fish experiment and gnotobiotic catfish
Catfish used in this experiment were divided into normal

(without any antibiotic treatment) and gnotobiotic organism (with
antibiotic treatment). Gnotobiotic organism is catfish that had no
bacteria on its body and digestive tract. Gnotobiotic catfish treat-
ment was carried out by adding antibiotics (250 mg/L ampicillin,
125mg/L rifampicin and 250mg/L chloramphenicol) into aquarium
water. The catfish were then starved for 24 hours and feed con-
taining 100 mg/L rifampicin was given for 4 days. After antibiotic
treatment, the aquarium water was replaced with new water.

2.6.3. Growth test
Catfish used in this experiment were reared in 60� 30� 30 cm3

aquarium at a density of 15 individuals per aquarium and with
averageweight of 11.41±0.23 g. The growth test was carried outwith
four treatments of three replications each. The treatment consistedof
gnoto (gnotobiotic catfish with feed containing 100 mg/
mL rifampicin), gnotoplus (gnotobiotic catfish with feed containing
100 mg/mL rifampicin and probiotic 1%), normalplus (normal catfish
with feed containing 1% probiotic) and normal (normal catfish
without any treatment). Fish were grown for 30 days and the feed
was given three times a day by at satiation. Tomaintainwater quality,
50% water capacity in the aquariumwas replaced every 3 days.

2.6.4. Enumeration of intestinal bacterial population
A total of two fish were randomly selected from each treatment.

The fish were starved for 20 hours before sampling. The digestive
tract of the fish was aseptically taken out from each fish. The in-
testine was weighed to make 1 g sample. Sample was transferred
into a tube containing 9 mL 0.85% sterile NaCl and homogenized
before serial dilution up to 10�6. Total bacterial counts were
determined by plating on TSA medium, whereas total probiotic
bacteria on TSA with 100 mg/mL rifampicin.

2.6.5. Digestive tract enzyme activity
Digestive tract of 1 g was homogenized in 5 mL 0.05 M phos-

phate buffer pH 7.5 and centrifuged at 6000 rpm for 30 minutes at
4�C. The supernatant was assayed to measure the enzyme activity.
Protease activity was assayed following Walter (1984), i.e. using
casein as the substrate and reacting it with Folin reagent. Amylase
activity was assayed following Bernfeld (1955), i.e. using starch as
the substrate and reacting it with 3.5-dinitrosalicylic acid.

2.6.6. Digestibility analysis
After 30 days, the fish were reared in aquarium at a density of 10

individuals per aquarium for 15 days. Feed treatment added with
0.6% chromium (Cr2O3) was given to the fish. Feces were collected
by siphoning the feces after feeding and stored at 4�C for subse-
quent analysis. Pooled feces of each treatment were dried in oven at
110�C for 4e6 hours. Total digestibility and protein digestibility
were calculated following Takeuchi (1988), i.e. using equations:
total digestibility ¼ 100 � (% Cr2O3 in feed/% Cr2O3 in feces � 100);
and protein digestibility ¼ 100 � [(% Cr2O3 in feed/% Cr2O3 in
feces � 100) � (% protein in feces/% protein in feed) � 100].



Figure 1. Growth curve of bacteria isolate PTB 1.4 RfR.

Table 1. The pathogenicity test of probiotic bacteria on catfish
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2.6.7. Measurement of growth parameters
Growth parameters measured were survival rate (SR) and spe-

cific growth rate (SGR) following Huisman (1987), in addition to
feed conversion ratio (FCR) with the following equation (Zonneveld
et al. 1991):

SRð%Þ ¼ Nt
No

� 100

where,

Nt¼ number of fish at the end of the rearing period (individual);
and
No ¼ number of fish at the beginning of the rearing period
(individual)

SGRð%Þ ¼
" ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

wt
wo

� 1
t

r #
� 100

where,
Treatments Survival rate (%)

Negative control 100.0
Positive control 3.3
PTB 1.4 100.0
PTB 1.4 RfR 100.0
wt ¼ weight of fish at the end of the rearing period (g);
wo ¼ weight of fish at the beginning of the rearing period (g);
and
t ¼ duration of the rearing period (day)

FCR ¼ F
ðWt þ DÞ �Wo

where,
F ¼ total weight of feed intake (g);
Wt ¼ weight of fish at the end of the rearing period (g);
Wo ¼ weight of fish at the beginning of the rearing period (g);
and
D ¼ weight of dead fish during rearing period (g)
Table 2. The bacteria viability test on PTB 1.4 RfR in feed after storage

Treatment of feed Total probiotic bacteria in feed (CFU/g) at day

1 5 10

Gnotoplus test feed 8.4 � 106 2.3 � 106 1.1 � 106

Normalplus test feed 1.2 � 107 9.4 � 106 1.1 � 106
2.6.8. Statistical analysis
A complete random design with four treatments and three

replications was used. All data means were compared using
Duncan multiple range tests with SPSS 21 program. A significance
level of p < 0.05 was used for all test, and data were reported as
means ± standard errors.

3. Results

3.1. Mutation of rifampicin resistance
The proteolytic and amylolytic indices of isolate PTB 1.4 RfR

(rifampicin-resistant mutants) were 1.07 and 0.58, respectively. The
stationary phase of isolate PTB 1.4 RfR was 12 hours, resulting in the
phase period was used as the basis of harvesting cells time for
probiotics application (Figure 1).

3.2. Pathogenicity test
The result of pathogenicity test of probiotic bacteria in catfish

indicated that PTB 1.4 and PTB 1.4 RfR were not pathogenic,
following the results of the SR observed during the 14 rearing days
in which the SR of PTB1.4 (wild type), PTB 1.4 RfR, and negative
control treatments were 100%, whereas the SR of the positive
control treatment was 3.3% (Table 1).

3.3. Probiotic viability test in feed
The results of bacterial viability test in feed during the obser-

vation indicated that probiotic bacteria added to the feed can sur-
vive with cell density of 106 CFU/mL. Probiotics in gnotoplus and
normalplus feeds showed no significant difference (Table 2).
3.4. Population of intestinal microflora
Total bacteria found in the digestive tract of catfish after being

treated for 30 days showed a difference in the total number of
bacteria. However, there was no significant difference between
gnoto (2.24 ± 0.41 � 105 CFU/g) and gnotoplus treatments
(5.90 ± 2.32 � 105 CFU/g); and between normalplus (32.90 ±
4.74� 105 CFU/g) and normal treatments (36.33± 7.51� 105 CFU/g).
The total number of probiotic bacteria in gnotoplus (3.29 ±
0.78 � 105 CFU/g) and normalplus (5.99 ± 0.57 � 105 CFU/g)
treatment were significantly different (Table 3).
3.5. Digestive tract enzyme activity
The activity of protease was significantly higher (p < 0.05) than

in normalplus treatment (1.32 ± 0.09 IU/g digestive tract), followed
with gnotoplus treatment (0.96 ± 0.06 IU/g digestive tract) gnoto
and normal treatments (Figure 2A). The same result was found for
the activity of amylase, where the highest enzyme activity was
found in normalplus treatment (0.35 ± 0.02 IU/g digestive tract;
p < 0.05; Figure 2b).
3.6. Digestibility analysis
The total digestibility was significantly higher (p < 0.05) in

normalplus treatment (76.90 ± 0.98%) than gnoto and normal
treatments. However, the value was not significantly different with
gnotoplus treatment (74.43 ± 1.17%). In addition, the result of
protein digestibility test indicated that normalplus treatment
(93.22 ± 0.99%) was significantly higher (p < 0.05) than any other
treatments (Table 4).



Table 5. Survival rate (SR), specific growth rate (SGR) and feed conversion ratio
(FCR) of fish

Parameter Treatment

Gnoto Gnotoplus Normalplus Normal

SR (%) 100 ± 0.00a 100 ± 0.00a 100 ± 0.00a 100 ± 0.00a

SGR (%) 1.92 ± 0.23a 2.11 ± 0.19a 2.69 ± 0.36b 1.98 ± 0.23a

FCR 1.77 ± 0.12a 1.66 ± 0.15a 1.05 ± 0.11b 1.49 ± 0.23a

Mean values in the same row with a different superscript are significantly different
(p < 0.05).

Table 3. Total bacteria and probiotic bacteria in the digestive tract of catfish

Treatment Total bacteria (105 CFU/g) Probiotic bacteria (105 CFU/g)

Gnoto 2.24 ± 0.41a e

Gnotoplus 5.90 ± 2.32a 3.29 ± 0.78a

Normalplus 32.90 ± 4.74b 5.99 ± 0.57b

Normal 36.33 ± 7.51b e

Mean values in the same column with a different superscript are significantly
different (p < 0.05).

Table 4. Total of digestion (Td) and protein digestion (Pd) in the catfish given by feed
treatment

Parameter Treatment

Gnoto Gnotoplus Normalplus Normal

Td (%) 71.61 ± 1.83a 74.43 ± 1.17ab 76.90 ± 0.98b 73.91 ± 2.42a

Pd (%) 86.99 ± 2.53a 88.71 ± 2.41a 93.22 ± 0.99b 85.28 ± 1.51a

Mean values in the same column with a different superscript are significantly
different (p < 0.05).
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3.7. Growth parameters
After 30 days, the SRs of all treatments showed no significant

difference and the SR was 100 ± 0.00% in all treatment. The
application of probiotic in feed significantly increased SGR where
normalplus (2.69 ± 0.36%) was higher than other treatments. The
FCR in normalplus treatment (1.05 ± 0.11) was the lowest, followed
by gnotoplus, normal and gnoto treatments, respectively. FCR in
normalplus treatment was significantly lower (p < 0.05) than other
treatments (Table 5).

4. Discussion

Rifampicin-resistant mutant isolate PTB 1.4 showed to have
proteolytic and amylolytic activities, indicated with clear zone
formations in TSA medium containing skim milk. The clear zone
suggested that isolate PTB 1.4 RfR was capable of producing pro-
tease enzyme to degrade protein in skim milk. Amylase test also
indicated the same result, in which clear zone was formed on
medium containing starch, suggesting that isolate PTB 1.4 RfR is
capable of producing amylase enzyme to degrade starch in the
Figure 2. Enzyme activity of (a) protease and (b) amylase in the digestive tract of
catfish after 30 rearing days. Means with the different superscript are significantly
different (p < 0.05).
media. Isolate PTB 1.4 is B. megaterium,where Bacillus spp. group is
known to have ability to produce extracellular enzymes (such as
protease and amylase) (Moriarty 1998). The values of proteolytic
(0.6) and amylolytic (0.61) indices of wild type isolate PTB 1.4
(Hamtini et al. 2015) were not significantly different with isolate
PTB 1.4 RfR, suggesting that mutant isolate PTB 1.4 (PTB 1.4 RfR) still
preserves its wild type’s proteolytic and amylolytic activities.

Pathogenicity test of the probiotic bacteria in wild type PTB 1.4
and PTB 1.4RfR indicated that the bacteria were not pathogenic for
catfish, proven by their 100% SRs. Probiotic viability test in feed
aimed to determine the bacteria's ability to survive in the test feeds.
The result showed that probiotic bacteria are capable of surviving in
the feed up to 10 days after storage at 4�C with density reached to
106 CFU/g feed.

The total numbers of bacteria in the digestive tract after feed
with probiotics given in normalplus treatments were lower than
normal treatment. The same results were found in Bagheri et al.
(2008) and Mohapatra et al. (2012), where total number of bacte-
ria in the digestive tract of fish decreased after probiotic was added
in feed. Probiotics have an action mechanism to suppress micro-
flora populations, i.e. production of antimicrobial compounds,
competition of nutrients or adhesion to intestinal wall (Verschuere
et al. 2000). The numbers of probiotic bacteria in digestive tract in
gnotoplus and normalplus treatments were significantly different.
The amount of probiotic bacteria in digestive tract indicated that
probiotic bacteria PTB 1.4 is capable of colonizing fish gastrointes-
tinal tract, where one of the requirements of probiotic bacteria is
capability of colonizing the digestive tract of the host (Balcazar et al.
2006).

Probiotic bacteria are capable of producing digestive enzymes
that help fish use feed nutrients and digest (Bairagi et al. 2002). The
activity of enzymes in fish digestive tract in normalplus treatment
was the highest, allegedly because PTB 1.4 increased digestive en-
zymes. Similarly, in gnotoplus treatment where PTB 1.4 is able to
increase the activity of digestive enzyme compared with gnoto
treatment. Exogenous enzymes produced by probiotic bacteria give
only a small contribution to total enzyme activity in digestive tract
(Ziaei-Nejad et al. 2006; Zhang et al. 2010). Therefore, such high
enzyme activity in gastrointestinal tract was alleged because the
probiotic bacteria stimulated the synthesis of endogenous digestive
enzymes produced by fish. Generally, endogenous enzyme can be
produced by fish, but the presence of probiotics can improve
digestive enzyme. Probiotics improve digestive enzyme activity by
stimulating the synthesis of endogenous enzyme in the digestive
tract (Mohapatra et al. 2012).
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Digestive enzyme activity can help fish degrade nutrients in
feed and subsequently increase digestibility and feed efficiency
(Cerezuela et al. 2011; Widanarni et al. 2015). The high enzyme
activity in normalplus treatment increases nutrient digestibility
value, and the high value of which indicated that the fish are
capable of digesting nutrients in feed properly. Total digestibility
and protein digestibility values were the highest in normalplus
treatment, indicating that probiotics PTB 1.4 is capable of increasing
nutrient digestibility to produce or stimulate digestive enzymes.
Probiotics are capable of stimulating the synthesis of endogenous
digestive enzymes and improving digestibility (Yanbo and Zirong
2006: Mohapatra et al. 2012). Similar results were found in
humpback grouper (Cromileptes altivelis) where the addition of
probiotics and prebiotics in their feed can improve protein di-
gestibility and total digestibility at 91.17 ± 1.75% and 2.08 ± 66.92%,
respectively (Marlida et al. 2014).

High enzyme activity and high feed digestibility were capable of
influencing fish growth and feed efficiency. Normalplus treatment
showed the highest in growth and feed efficiency. Similar results
were found in Penaeus monodon that showed higher value of FCR
and SGR with the addition of B. cereus (Chandran et al. 2014).
Digestive enzymes help fish degrade and digest the nutrients in
feed, making it easier for fish to absorb nutrients in feed. High di-
gestibility help improve growth and feed efficiency in normalplus
treatment. Similar results were also found in tilapia that showed
improvement in fish digestibility and growth by adding Bacillus
NP5 in feed (Putra and Widanarni 2015).

In conclusion, application of probiotic bacteria B. megaterium
PTB 1.4 in feed maintains the balance of intestinal microflora
populations, increases the activity of digestive enzyme and growth
of catfish. However, further research is needed on the application of
probiotic B. megaterium PTB 1.4 in dry form to be more efficient in
application.

References

Aly SM, Yousef AGA, Ahlam AAG, Moahmed FM. 2008. Studies on Bacillus subtilis
and Lactobacillus acidophilus, as potential probiotic, on the immune response
and resistance of tilapia nilotica (Oreochromis niloticus) to challenge infection.
J Fish Shellfish Immunol 25:128e36.

Bagheri T, Hedayati SA, Yavari V, Alizade M, Farzanfar A. 2008. Growth, survival and
gut microbial load of rainbow trout (Onchorhynchus mykiss) fry given diet
supplemented with probiotic during the two months of first feeding. Turk J Fish
Aquat Sci 8:43e8.

Bairagi A, Ghosh KS, Sen SK, Ray AK. 2002. Enzyme producing bacterial flora iso-
lated from fish digestive tracts. Aquacult Int 10:109e21.

Balcazar JL, de Blas I, Ruiz-Zarzuela I, Cunningham D, Vandrell D, Muzqiz JL. 2006.
The role of probiotic in aquaculture. A review. Vet Microbiol 114:173e86.

Bernfeld P. 1955. Amylases a and b. Method Enzymol 1:149e58.
Cerezuela R, Meseguer J, Esteban MA. 2011. Current knowledge in synbiotic use for

fish aquaculture. A review. J Aquacult Res Dev:S1e008. http://dx.doi.org/
10.4172/2155e9546.
Chandran MN, Palanisamy I, Subramanian M, Ramasamy R, Santhiyagu P, Grasian I.
2014. Influence of probiotic bacterium Bacillus cereus isolated from gut of wild
shrimp Penaeus monodon in turn as a potent growth promoter and immune
enhancer in P. monodon. J Fish Shellfish Immunol 36:38e45.

Faturrahman, Rohyati IS, Sukiman. 2015. Improved of growth rate of abalone Hal-
iotis asinine fed pudding probiotic-enriched protein. Proced Environ Sci 23:
315e22.

Hamtini, Widanarni, Meryandini A. 2015. Isolation and selection of Bacillus sp. from
catfish (Clarias sp.) as a potential probiotic. J Biol Indones 11(1):11e9. (in
Indonesia).

Husiman EA. 1987. Principles of Fish Production. Department of Fish Culture and
Fisheries, Wageningen Agriculture University. pp. 1e170.

Lim G, Tan TK, Rahim NA. 1987. Variations in amylase and protease activities among
Rhizopus isolates. Mircen J 3:319e22.

Marlida R, Suprayudi MA, Widanarni, Haris E. 2014. Growth, digestive enzyme
activity and health status of humpback grouper (Cromileptes altivelis) fed with
synbiotic. Pak J Nutr 13(6):319e26.

Moriarty DJW. 1998. Control of luminous Vibrio species in penaeid aquaculture
ponds. Aquaculture 164:351e8.

Mohapatra S, Chakraborty T, Prusty AK, Das P, Paniprasad K, Mohanta KN. 2012. Use
different microbial probiotic in the diet of rohu, Labeorohita fingerlings: effect
on growth, nutrient digestibility and retention, digestive enzyme activities and
intestinal microflora. Aquacult Nutr 18:1e11.

Putra AN, Widanarni. 2015. Screening of amylolitic bacteria as candidates of pro-
biotics in tilapia (Oreochromis sp.). Res J Microbiol 10(1):1e13.

Sun YZ, Yang HL, Ma RL, Lin WY. 2010. Probiotic application of two dominant gut
Bacillus strains with antagonistic activity improved the growth performance
and immune response of grouper Ephinephelus coioides. J Fish Shellfish Immunol
29:803e9.

Takeuchi T. 1988. Laboratory work-chemical evaluation of dietary nutrients. In:
Watanabe T (Ed.). Fish Nutrition and Mariculture. Japan: Japan International
Cooperation Agency. pp. 179e233.

Utami DAS, Widanarni, Suprayudi MA. 2015. Quality of dried Bacillus NP5 and its
effect on growth performance of tilapia (Oreochromis niloticus). Pak J Biol Sci
18(2):88e93.

Verschuere L, Rombaut G, Sorgeloos P, Verstraete W. 2000. Probiotic bacteria as
biological control agents in aquaculture. Microbiol Mol Biol Rev 64:655e71.

Walter HE. 1984. Method with haemoglobin, casein and azocoll as substrate. In:
Bergmeyer (Ed.). Methods of Enzymatic Analysis, third ed. New York: Verlag
Chemie.. pp. 270e8.

Wang YB. 2007. Effect of probiotic on growth performance and digestive enzyme
activity of the shrimp Penaeus vannamei. Aquaculture 269:259e64.

Widanarni, Nopitawati T, Jusadi D. 2015. Screening of probiotic bacteria candidates
from gastrointestinal tract of pacific white shrimp Litopenaeus vannamei and
their effect on the growth performances. Res J Microbiol 10(4):145e57.

Yanbo W, Zirong X. 2006. Effect of probiotic for common carp (Cyprinus carpio)
based on growth performance and digestive enzyme activities. Anim Feed Sci
Technol 127:283e92.

Zhang Q, Ma H, Mai K, Zhang W, Liufu Z, Xu W. 2010. Interaction of dietary Bacillus
subtilis and fructooligosaccharide on the growth performance, non-specific
immunity of sea cucumber, Apostichopus japonicus. J Fish Shellfish Immunol
29:204e11.

Ziaei-Nejad S, Mehran HR, Ghobad AT, Donald LL, Ali RM, Mehdi S. 2006. The effect
of Bacillus spp. bacteria used as probiotic on digestive enzyme activity, survival
and growth in the Indian white shrimp Fenneropenaeus indicus. Aquaculture
252:516e24.

Zokaeifar H, Jose LB, Chee RS, Mohd SK, Kamaruzaman S, Aziz A, Nagmeh N. 2012.
Effect of Bacillus subtilis on the growth performance, digestive enzymes, im-
mune gene expression and disease resistance of white shrimp, Litopenaeus
vannamei. J Fish Shellfish Immunol 33:683e9.

Zonneveld N, Huisman EA, Boon JH. 1991. Principles of Aquaculture. Jakarta: Gra-
media Pustaka Utama.

http://refhub.elsevier.com/S1978-3019(15)30034-6/sref1
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref1
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref1
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref1
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref1
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref2
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref2
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref2
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref2
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref2
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref3
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref3
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref3
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref4
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref4
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref4
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref5
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref5
http://dx.doi.org/10.4172/2155&ndash;9546
http://dx.doi.org/10.4172/2155&ndash;9546
http://dx.doi.org/10.4172/2155&ndash;9546
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref7
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref7
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref7
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref7
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref7
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref8
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref8
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref8
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref8
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref9
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref9
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref9
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref9
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref10
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref11
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref11
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref11
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref12
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref12
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref12
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref12
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref13
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref13
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref13
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref14
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref14
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref14
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref14
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref14
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref15
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref15
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref15
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref16
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref16
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref16
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref16
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref16
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref17
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref17
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref17
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref17
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref18
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref18
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref18
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref18
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref19
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref19
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref19
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref20
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref20
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref20
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref20
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref21
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref21
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref21
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref22
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref22
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref22
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref22
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref23
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref23
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref23
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref23
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref24
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref24
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref24
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref24
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref24
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref25
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref25
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref25
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref25
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref25
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref26
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref26
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref26
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref26
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref26
http://refhub.elsevier.com/S1978-3019(15)30034-6/sref27

	Effect of Probiotic Bacillus megaterium PTB 1.4 on the Population of Intestinal Microflora, Digestive Enzyme Activity and t ...
	1. Introduction
	2. Materials and Methods
	2.1. Mutation of rifampicin resistance
	2.2. Proteolytic and amylolytic activity tests
	2.3. Bacterial growth
	2.4. Pathogenicity test
	2.5. Probiotic viability test in feed
	2.6. Bioassay of probiotic bacteria in catfish
	2.6.1. Feed preparation
	2.6.2. Fish experiment and gnotobiotic catfish
	2.6.3. Growth test
	2.6.4. Enumeration of intestinal bacterial population
	2.6.5. Digestive tract enzyme activity
	2.6.6. Digestibility analysis
	2.6.7. Measurement of growth parameters
	2.6.8. Statistical analysis


	3. Results
	3.1. Mutation of rifampicin resistance
	3.2. Pathogenicity test
	3.3. Probiotic viability test in feed
	3.4. Population of intestinal microflora
	3.5. Digestive tract enzyme activity
	3.6. Digestibility analysis
	3.7. Growth parameters

	4. Discussion
	References


