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i, Abstract
Fish diseases that resulted from ex
intensively treated with antibiotics. Improve

achieved by the use of probiotics as :

reduce the massive use of antibiotic:egvz::leartlil::‘;ef T;e thOds.Of disease control and to
and pathological effect of dietary probiotics on 0. nil ,-“.)d,]he mical, lmmu."e'm()d"lamry
received a diet supplemented with a mixture of Lact?)lg::;u:Z be(iin;tuqled. O. niloticus
5|gr.ui.'lcant increase in the invitro phagocytic activity Seruma;l SOZedlocloccus sh.ov.ved
am.wty, total protein and globulin levels. Signiﬁcant, increaseyin Omt?b’ gad?nc'gal
agams? Aeromonas  hydrophila with significant decrease in asl:e: o t]“mtl'on
albumin/globulin ratio, cortisol hormone levels and bacterial counts in ::t]r i tbm?"nl’
tract of O. mniloticus received Lactobacillus & Pediococcus co%n a:il: es?vriltah
Sacch.aromyces cerevisce treated groupswas also detected. The hist([))path%lo ical
examination confirmed that probiotics have protective effect to liver and kidney tisgsues
under Aeromonas hydrophila infection. It could be concluded that Lactobacillus and
Pediococcus‘are tl.le better strains for aquaculture in this study. These strains provide a
great potential to increasing the sustainability and efficiency of aquaculture production.

gosmg to diffel.'ent microbial pathogens are
response against infectious diseases can be

University
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Introduction
The intensive rearing of fish in
aquaculture generates a potentially stressful
environment to it, with suppression of the
immune response rendering the fish more

healthy intestinal microbiota. It is a live
microbial feed supplement; therefore, they
may provide an alternative way to reduce the
use of antibiotics in aquaculture, since their
addition can assist in returning a disturbed

susceptible to different ~pathogens and microbiota to its normal  beneficial
diseases (Rohlenova and others 2011). The composition and able to provide a great
routine use of antibiotics during fish culture balance in the microbial flora of the
to minimize the risk of disease 1is not intestine(Brunt and others 2007; Mohapatra

t the and others  2013). Probiotics  utilize

advisable since it may adversely affec
indigenous microflora of juveniles or adult
fish and may increase the risk of promoting

effectively the ingested food leading to
acceleration the growth and production of
fish (Reid and others 2003). Probiotics were

antibiotic- resistant microorganisms(Defoirdl '
joti C immune

and others 2011). Thus, the use of probiotics, used for enhancement of the
, tic response,growth performance and food

in the past 10 years in the culture of aqua
organisms, is increasing with the demand for
moreenvironment-friendly aquaculture
Practices to control discases(Balcazar and
others 2006).

Probiotics the

are members of
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utilization through improved intestinal health,
(B and others 2014).Probiotics nowadays
arepreferable health-promoting fish foodas
they have prophylactic, therapeutic and
growth promoter effect(Ouwehand and others
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growth promoter effect(Ouwehand and others
2002). There are several mechanisms of
action that have been reported for probiotic
strains. They stimulate and augment the live
weight gain and feed conversion efficiency,
in fish, provide protection against different
pathogens, production of hydrogen peroxide,
organic acids and lysozyme (Son and others
\2009)‘ Moreover, they stimulate fish immune
response and used as a biological control
agents in intensive highly stocked ponds of
aquaculture(Morya and others 2013; Nimrat
and others 2012). Probiotics are a nature
effective product in aquaculture have
potential effective role on immunity,
intestinal ecosystem as well as fish health,
performance and production. Probiotics
efficacy may be potentiated by several ways
via the selection of more efficient strains,
gene manipulation and the combination of
several strains(Isolauri and others 2004). This
bacterial strain mixture approach seems to be
one of the best methods of potentiating the
probiotics efficacy and is widely used in
practice.It has much potential to increasing
the aquaculture production. Therefore, our
research highlights effect of two important
commercialprobioticson health and immune
status in O. niloticus.

Material and methods
2.1. Probiotics:

Two commercial products

(probiotics) have been used in this study to
evaluate their effects,

. The first product named C.A.
growth® and contains a mixture of
Lactobacillus acidophilus1x10° CFU/ml &
Pediococcus 1x10° CFU/ml.

The second product named tonolest®
and contains Saccharomyces cerevisce
15x107 cells/gm active live yeast,

2.2. Fish and maintenance:
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Two  hundred  apg
ﬁvecultu,-edNile tilapia (OreOC;‘:emy
niloticus), With an average body . ;
(50£5¢/fish). Fish were purchageq 6
Baraseek Aquaculture fish farm, a¢ Albeho
Governorate, Egypt. Fish were kep =
triplicate throughout the experimentg] Peri(;g
in a glass aquaria (90%50x35 cm), SUpplig
with 80 liters chlorine free areateq fg
water. Fishwere acclimated for two Weekz
before starting the experiment, The Water
temperature was kept at 25-28C using heater
(CMI, Germany). The PH was 8.3 + 0.3 44
was monitored with a PH meter, Fish Were
fed on a commercial fish diet containing 259,
crude protein twice a day at rate 4 % of ther
body weight.Water quality  parameters
contained the following concentrations: 1445
+ 8 mg CaCos/I total hardness, 8.2+ 0.3 ppm
dissolved oxygen, 0.01mg/ I Nitrite (Noy),
0.02 mg /I Nitrate (Nos), 20+ 7 mg/ | Hys and
0.01 mg/l un-ionized ammonia. Two thirds of
water was changed daily.

I
ght Qf

2.3. Experimental design
Two hundred and twenty five

cultured Nile tilapia were divided into five
groups each consists of three aquaria
(triplicate), the experiment was carried out
for seven weeks.

Group I (n=45), negative control, fish were
fed on basal diet only, supplemented with
clean water and left without any treatment
along the experimental period.

Group TI(n=45), fish were fed on basal diet
contains a probiotic mixture of Lactobacillus
& Pediococcus (0.1mL/ kg feed).

Group III(n=45), fish were fed on basal diet
contains a  probiotic a mixture of
Lactobacillus & Pediococcus (0.2 mL / K8
feed).

Group IV(n=45), fish were fed on basal diet
contains  Saccharomyces cerevisce 2
probiotic (0.15 g/ kg feed). i
Group V(n=45), fed on basal diet contain®

Saccharomyces Cerevisce as a probiotic ( &
g/ kg feed),
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The study was carried out at the
Faculty of Veterinary Medicine, Alexandria
University,  Egypt.  The experimental
rocedures were complied with the Animal
. Welfare Act and approved by the Alexandria
Unjversity’s Veterinary Committee.,

sterile needles and syringe. Blood
was collected with syringe containing
anticoagulant (0.1 ml of 4% sodium citrate
solution/Iml blood) and used for phagocytic
assay according to (Wilson 1990). Blood was
allowed to flow smoothly into a clean glass
tubes and left to clot for 2 hours at room
temperature  then  centrifuged (BOECO
centrifuge, Germany) at 3000 rpm for 15
min. The clear supernatant serum was
collected using sterile Pasteur pipettes
(Sigma-Aldrich). The collected serum was
transferred to dry, sterile labeled tubes and
used for different biochemical assays.

2.5. Phagocytic activity and phagocytic
index

Phagocytic  activity = was  determined
according to (Wilson 1990).Candida albicans
was kindly supplied by the department of
poultry and fish diseases Faculty of
Veterinary Medicine, Alexandria University.
Phagocytic activity (PA) = percentage of
phagocytic cells containing yeast cells.

Number of yeast cells phagocytized .

Phagocyticindex (P)=
Number of phagocytic cells

biochemical

2.6.  Estimation of
parameters:

Serum proteins and albumin  were
colometrica]ly determined according to
(Busher 1990  andKrohn  2002)using
tommercial kits provided by Pasteur, Lab,
France. Serum globulin level was determined
by subtracting the albumin from the total
Proteins according to (Busher 1990),where
A/G ratio was estimated using albumin and
globulin valyes.  Determination of cortisol
Vel (Morineau and others 1997) using
“ommercial radioimmunoassay (RIA) Kits
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2.4. Blood sampling:

Blood samples were collected at the
end of the experiment, Benzocaine solution
(1 ¢/10 L) was used to anesthetize fish, Blood
was collected from the caudal vessels using

provided by IBL, GmbH, Hamburg,
Germany, Serum lysozyme activity was
measured  using  turbidimetric  method

described  by(Morsky 1983). Lyophilized
Micrococcus lysodekticus (Sigma M 3770)
were used for the serum lysozomal
activity. The result was expressed as one unit
of lysozyme activity was defined as a
reduction in absorbency of 0.001/min,

2.7. Determination of serum
bactericidal activity against Aeromonas
hydrophila:

The Strain was kindly supplied by
the dept. of poult. and fish dis., Faculty of
Vet. Med., Alexandria University. It is used
for the serum bactericidal activity study was
determined according to (Vasudeva Rao and
others 2006). In sterile ependorf tubes, 300 ul
of A. hydrophila suspension (1.5 x 103 cells /
ml) and 300ml of fresh serum were mixed. A
blank consisted of 300 of bacterial
suspension and 300 ul of sterile phosphate
buffer saline (PBS) then the tubes were
incubated at 28 C. Then removed 50 ul
sample at 0, 1, 2, 3, 4h for plated different
dilutions on nutrient agar for 24 h at 28 C,
and colony forming units (CFU) were
counted. The results were recorded as

survival index (SI)
CrU ot end

ul

x 100.

ST —
CI'U ot start

2.8. Challenge and post challenge

protection test:

At the end of 7rh week, ten fish from
all groups were clinically examined. Blood
samples were bacteriologically tested af]d
determined to be free from bactfarml
infection. Collected fish were then artificially
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cted by intraperitoneal injection (1P) .wnh
nsion of pathogeni® A

X10! CFU/ml. The

infe
0.2 ml of culture suspe
hydrophila adjusted to 1 ;
specificity of death was confirmed by 1€
isolation of injected bacteria from freshlzf
determined according 10 (Ruangpan a0

others 1986)using the following equation.

ercents anized mortality
l, ,‘eor.hinf_,— e x 100

P=100- —
% Percentage of control mortality
NO of death in a gpecified period
Mortulity % = —_— -/—f‘
Total populition during that period

2.9. Histopathological studies:
Liver, kidney and spleen were
harvested from all groups. Tissues were

immediately prepared for hisopathological

examination according to (Suvarna and

others 2013).

2.10. Statistical analysis
Data were collected and analyzed by

one-way analysis of variance ANOVA
(Bewick and others 2004) to estimate the
effect of different treated groups on different
parameters, Data were presented as mean +
SE and significance was declared where
different letters are significantly different.

Results
3.1. Effect of probiotics treatments on
phagocytic activity and phagocytic
index;

Significant (P<0.05) increase in the
phagocytic activity and phagocytic index
were detected in groups II & III when
compared with the control group. Significant
(P<0.05) increase in the phagocytic activity
was detected in groups V with non-
significant changes in group [V. While
groups IV & V showed significant (P<0.05)

increase in the phagocytic index i
. compa
with control (Table 1), -

372, Effect. of probiotics treatments on total
proteins,  albumin,  globulin
albumin/globulin ratio:

and
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dead fish during the period of Obseryy
(One week) according to (Langdop, aU
sthers 1985) The relative level of protectizd
(RLP), among the challenged figp Waz

Gerum total proteins and globulip -
signiﬁcamly (P<0.05) increase in all ro
groups with significant (P<0.05) decreage .
the albumin/globulin ratio compared with g
control, Groups 11 & 111 revealed a significang
(P<0.05) decrease in the serum albumj,
meanwhile groups IV & V showed a pgp
significant change comparing with contro|

(Table 2).

3.3, Effect of probiotics treatments op

cortisol level:
All treated groups showed a significant

decrease in the cortisol level compared with
the control group. Groups IV & V showed
significant (P<0.05) increase in the cortisol
compared with other treated groups (groups

1 and I11), (Table 3).

3.4. Effect of probiotics Ireatments on
serum lysozyme & bactericidal activity,
The serum lysozyme  was
significantly (P<0.05) increased in group III
comparing with other groups. Meanwhile, the
bactericidal  activity ~was  significantly
(P<0.05) increased in the groups II & I
comparing with other groups (Table 4).

3.5, Effect of probiotics on relative level of
protection (RLP) and mortality after
challenge with A. hydrophila

The mortality rate was increased in

groups IV & V comparing with other groups:
Meanwhile, the relative level of protection
(RLP) showed higher level in C groups I &
Il (70% in group TIT and 50% in group I
comparing with other groups (Table 5).

3.6. Histopathology:

~ The histopathological findings
niloticus fed on basal diet incorporated with
Lactobacillus & Pediococcus (groups 11 &I1)
revealed no marked difference in the
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icture 0. niloticustreated with &F). The ki T
;1\‘-“.0““ { probiotics mixture (group III) with 0] &“Incy of groups 1 & 111
‘nﬂ ¥ ‘;‘nm.u changes than the group Pl‘()bi()l.ic) '(I).2 8 foed op CA ;:(rc‘“‘-‘i]
no“"‘i '“Il mall doses (group II). The liver convolule;l :10ch Vaculation iy, pm;»ivllf
;\.;.(c\ “: 1]‘1. m &IV, ' showed moderate blood chscl:l:ulL;Sa congestion in inlerslirt‘:::
y .L‘““"dcgcm"““‘“‘ with normal nucleus epithelium anJ w:l)ll:] ":mc degeneration
?“‘hvl‘_“:nut‘smm in hloo‘(.i vcsscl)s : and dilatation of bowma]ﬁ‘(’f’crular atrophy and
o ,:,mﬁ»fkuv fer L.qus (Fig. 1A, B&Q). 0.‘ O. niloticus \reated W:‘“:‘P«(i)ce (Fig. 2A&B),
.\ff’\,:-,,_\- mreated \\"l.lh large dOSC‘ of feedTonolesta probiotic (( 'rlﬁ WLy
Y?".’.h;\mnl,\’Cc\\« cd}“"hcc (()..lml/kg. feed, showed severe vaculation iﬁ:u'll)l: ll'v &Y)’
.\m‘ .0 ,,,,Q;m-u.\‘clmllcx-\ggtd with A4, pyknosis in nucleus necr m elium with
grovf 4ila and fed on dietincorporated interstitial edema (;T' 0?15 i lUbUIefs end
f}l‘.fl-()!’ll ‘vro\‘(h and O. niloticuschallenged niloticuschallenged b # )k gR
“uhtr-"\ g p— - G o e on. " .ngc with A4, '/1ydr()p/7i/a and
i A ithTonolest  showed 51 'Clmcf)rporaled e,
dlmnwmormcd A wi S showed vaculation in proximal convoluted
pusoidal congtﬁnon. modudl.c ic“.ly change l.ubulez';, glomerular atrophy and congestion in
;md congestion 10 central vein(Fig. 1D, E interstitial tubules (Fig. 2D).

' eated
s1n control and different treate

iver of O. nilotict

. o1 magnification
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Fig. (1): Histopathological findings inl

Ih\mlngicul analysis of the liver from the di
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(0.1mL’ kg feed)., showed sinusoidal congestioy,
O niloticuschallenged with 4. hydroph; la ¥
showed moderate fatty change, sinusoigy)
Yered from hydropic degeneration,

mixtare of Lactobacilius & Pediotoccus

faity change and congestion It |
'h&-"\’”{\\‘t.\\' oY
and the remaining cells sut

1 contral veln; (F)
b Y

fthSac VISR, '

dietincorporated withdac i |

congestion central vemn

Fig. (2): Histopathological findings in kidney of O. niloticusin control and different treated
groups:

Histological analysis of the kidney from the different experimental groups (original magnification
x200). (A) Group II, showed vaculation of proximal convoluted tubules, dilatation of Bowman's space
due to glomerular atrophy and interstitial edema; (B) Group III, showed vaculation in tubular
epithelium with glomerular atrophy and dilatation of bowman's space; (C) Group IV, showed necrosis
in proximal convoluted tubules (eosinophilic area) and hyaline droplet formation; (D) O-
niloticuschallenged with A. hydrophila and fed on dietincorporated with C.A growth, showed

vaculation in proximal convoluted tubules, glomerular atrophy and congestion in interstitial tubules.

Table (1): Showing results of phagocytic activity and phagocytic index among control and

treated groups.
Groups Phagocytic activity ~ Phagocytic index
Group I 21.00+0.58¢ 2.27+0.09¢
Group I1 30.67+0.33P 3.27+0.09°
Group III 38.67+1.20* 4.07+0.09°
Group IV 25.00+0.00¢ 2.53+0.09¢
Group V 23.00+0.58¢ 2.47+0.03¢

Values represent the me,
Values in the col € mean< SE of five samples for each group.

: with different superscript letters are significantly different at P<0.05.
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,l‘;| l,l‘\ (

1): ghowing results of serum total protejy, Ib
i g 3 ’d 3
ratio among control apq i Umin, globulin
Cateqd and
groy
8.

b » Umip/ ;
- oph Total e

Groups yrotein Albumin Gl
g 4.40£0.30° Obuli

Group I 0 30“ 3.00:0,1 00 lin A/G rati

coupll 7505015 233401 1.40£0 497 e

croup I 797012 1,834 g7 537402 | 234124

Group 1V 5.47£0.09°  2.80+0.06 6.130,09 g°40i0°04"

Group V 5.03+0.12¢ 2.87+0.120 2.6720,07¢ 1‘(3)(5)1-0.01b
s : 217 R,

1.37+0.23b

Values represent the mean=SE of five samples f
~ines in the column with diff : or each gro
values I ith different superscript letters arf si;p:f
Nificantly differ
ent at P<0,05

. 1 lts Of 0 1
I pS.

g:;):psl Cortisol level
P 548.40+4.04°
Group 11 423.90+4.33¢
Group I1I 404.00+2.57¢
Group 1V 507.70+2.47°
Group V 513.40+2.36"

Values represent the mean S.E. of five samples for each group
Values in the column with different superscript letters are significantly different at P<0.05

Table (4): Showing results of serum lysozyme and bactericidal activityamong control

and treated groups.

Groups Serum Bactericidal
_M

Group I 0.01=0.00° 3.70£0.15°

Group II 0.07+£0.01° 5 27+0.20°

Group 111 0.17+0.02 6.30i0.29:

Group 1V 0.05+0.01° 4.23:0.0°
gk Values in

Valuee +
the Colun:  represent the means SE of five samples for €
N with RLP Mortalities different

UDersey
Cript letters are Groups

Bnifje
antly different at P<0.05

r challeng® with

ction 8
i ted groups:

; f pro
ive level 0 P ol and tred

Table
(5): Showi
ing mortali rcent and relat
ity pe e

pathogenic bacteria (A. hydrOPhi
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Group 1
Group 11
Group 11
Group IV
Growp¥

Discussion

g on wide scales 10

Fish culture is risin
ins, as

\e needs for animal prote
the production of fish s increasing
tremendously allover the world; the needs
for new strategies for disease control are
evoked. This study was planned 1o evoke the

differential aspects of using commercial

probiotics in Oreochromis niloticus from
of

their effects on the immune response

treated fish to pathogenic bacteria, changes
d cortisol hormone level

compensate tl

in gut microbiota an
point of view as well as the histopathological

studies of treated fish.

Probiotics can effectively trigger the
pahgocytic cells in host and enhancement of
phagocytic  activity by LAB group of
probiotics such as L. rhamnosus, L. lactis
and L.acidophilus(Gill and Guarner 2004).
Fish received Lactobacillus and Pediococcus

(groups 11 &IIT) showed a significant
increase in  phagocytic  activity and
phagocytic index than groups IV & V
(received  diet  supplemented  with
Saccharomyces cerevisce 0.15 & 0.3 gm / kg
feed). These results are directly proportional
with the result of histological examination
and this explain that the groups treated with
gC.A. growth®) probiotic showed stimulation
in the non-specific immune response than O,
niloticusthat received (Tonolest®) probiotic.
?ontrary to our findings, the yeast act as an
immunostimulant by stimulating the immune
res?({nse via increasing the phagocytic
activity, respiratory burst activity(Butprom

“JN 3 Wt

20

LESH 11101474

% N Ya
(4
0 10 100
g0 5 50
7 3 30
0 B 80
8 89 and others 2013), 1,

our study the combination between bacterj,
s o : © e

and yeast I (C.A. growth™) probiotic giye

good results in phugucylic assay than using

the yeast type only in (1 onolest™) probiotic.

in the physiological state

Changes
ation of serum biochemical

often reflect alter
C.A. growth” probiotic treated

paramelers.
a significant increase in serum

fish showed
al protein and globulin level, meanwhile

albumin, A/G ratio and plasma cotisol
showed a significant decrease comparing
with groups 1V &V (Tonolest” probiotic
treated fish). The improvement of fish health
when fed L. acidophilus supplement diets
could be attributed to the immuno-
modulatory effect of L. acidophiluson the
liver cells which activate the anabolic
capacity of the hepatocytes to produce blood
proteins particularly globulin (Harikrishnan
and others 2011). Our histopathological
examination revealed that treated fish with
large dose (0.2 ml/kg C.A. growth®)
probiotic exhibited no marked pathological
alterations as the liver showed moderate
hydropic degeneration and congestion In
blood vessels and activation of kupffer cells.
The serum total protein was significantly
improved in fish maintained on the diet
supplemented  with the probiotic, L.
acidophilus. Albumin/ globulin ratio is @
measurable humeral component at the non-
specific defenses. The reduction of A/G ratio
might be due to the increase of total serum
globulin level with significance protective
mechanisms for fish (Sahoo and Mukherjee
2001).  Contrary oral administration of
Baker’s Yeast (S .cerevisiac) stimulate the
non specific immunity level as measured
through enhanced phagocytic activity an

tot
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fi d ullmlwm; E
A

G ratio which appeared with
biotic treated groups (Patr

%
"b’d“b @ pr() y
ological examination of

'.]‘O,mlcﬁ hiqmpalh

our e >
01l oup V received large dose (0.3gm/
joer ¢ nolest®) probiotic showed fatty
ke foe in which the hepatic cell converted
chanSf‘ sell i which the cytoplasm filled
10 a_t and the nucleus pouched to the
wiﬂ‘1 IZ and this explain the lower value of
l"”p] cotein and globulin levels have been
scﬂone 4 due 10 impaired liver functions
rjhich synlhcsizcd plasma protein.

The level of cortisol was decreased
, was fed a diet supplemented with
//,/ructivorun,s' and L.plantarum (Abelli and
others 2009). Lysozyme, one of the
important bactericidal enzymes of innate
immunity is an indispensable tool of fish to
fight against infectious agents (Mai and
others 2014). Fish received the high dose of
CA. growth® probiotic (0.2ml/kg feed)
(group 111) showed a significant increase in
serum lysozyme and bactericidal activity
comparing ~ With other  groups. The
combination in vivo between B. subtilis and
L acidophilus is able to enhance the
bactericidal and lysozyme activity(Aly and
others 2008). The increase in serum
bactericidal activity of O.niloticusagainst
pathogenic bacteria may be due toeither the
antimicrobial substances that produced by L.
acidophilus or may be due to the increased
natural complement, serum peroxidase or
phagocytic activities (Havixbeck and others
2014). Th eincrease in the phagocytic,
lysozyme and bactericidal activity of the
head kidney macrophages of rainbow trout
d  C  maltaromaticum and €
di“‘?"gEnscompared. Meanwhile, the viable

bacterial counts showed a significant

decrease was also reported (Kim and Austin
2006),

when fist

-C(.mcemi"g the challenge of the 0.
:}l\loacus fish groups The results indicated
atthe groups treated with 0.1 and 0.2ml/kg

e

Evaluation of immune

feed (CA. Zrowih®
igh level of pro
respectively)
treated  with

) ( '
teci’::l)s L&) showed
0,

S (50% and 70%
survival than
(Tonolest® iy
relative level of prog ) probiotic (2%
These results i
s i confirmed the
unostimulatory effect of the i
{actobacillus and Pediococus whj ]
i (CAT e i ich present
R ) probiotic and also their
inhibitory effect to 4 hydrophi
histopathologi ; i<
: p ological examination of liver ofQ
niloticus challenged experimentally with A.
hydrophila and fed on diet incorporated witl;
(C.A. ‘ growth®)  showed  sinusoidal
congestion, moderate fatty change and
congestion in central vein and the kidney
showed vaculation in proximal convoluted
Fubules, glomerular atrophy and congestion
in interstitial tubules and these pathological
changes considered minimal changes than
infected non treated groups.

ving

These results confirmed the
immune stimulatory effect of the living S.
crevisiae and B. subtilis and also their
inhibitory effect to P. fluorscens also the
variation in the mortality ratios in both
groups indicated that the living yeast and
bacteria cells are more potent than dead
yeast cell in the protecting the P. fluorscens

infection.

[t was not possible to discriminate
the contribution of the yeast among the
effects observed on water quality, growth,
survival, immune response, Or Stress and

disease resistance. However, the
ht work synergistically

microorganisms mig
in such consortia, and that may be worth

further investigating.
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