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ABSTRACT

Bacillus mucilaginosus was cultured on peat for biofertilizer production
in apressure oscillating, solid-state fermentation. The effects of pressure
amplitude, oscillation frequency and moisture content were studied in
detail. At desirable culture condition such as 2 atm pressure amplitude, 15
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min oscillation frequency and initial moisture content 83.3 %, viable spores
of Bacillus mucilaginosus reached 1.7x108 c.f.u. g* (Chinese standard:

1x108cf.u.gl). © 2012 TradeSciencelnc.- INDIA

INTRODUCTION

Biofertilizers, acheap source of nurtients, can be
used to supplement chemicd fertilizer andincreasethe
organic content in the soil™. Bacillusmucilaginosus,
usudly called silicate bacteriaor K-bacteriain China,
isoneof thelargest output biofertilizersintheworld.
Morethan 100 thousandstons per year are produced
inChinaand 80 % of thebiofertilizersin Chinaaredli-
catebacterid®. Silicaebacteria, atype of PGPR (plant
growth promoting rhizobacteria)!*%. hasmany advan-
tagesover other microbesasabiofertilizer. Silicate bac-
teriaare an excellent N-fixer, K-solubilizer and also
can produce many kindsof phytohormonesto promote
crop growthi*, Another reasonitisso popular in China
isthat itssporeform, hasagreater survival ratethan
other specieswhen mixed withthechemicd fertilizer.

Solid-statefermentation (SSF) ismicrobid growth
on or within particlesof asolid matrix wherethewater

content issufficient to assure growth of cells. Therehas
been aresurgence of interest in solid-state culture due
to several advantages over submerged culture, suchas
highyield, low energy consumption and low environ-
mental impact of the process. However, the existence
of steep gasconcentration and therma gradientsin con-
ventional SSF hashindered further applicationsin bac-
teriaculture®. Recently, it wasreported?4. that the
pressure oscillation coupled with forced agrationin
SSFcould minimizethese gradientsto alarge extent,
but mainly infilamentousfungi fermentation. In conven-
tiond dlicatebacterid production, submerged fermen-
tation (SmF) was usually has been employed, solittle
information is available on the production of B.
mucilaginosus by SSF. Therefore, thiswork was un-
dertaken to evaluate SSF production of B.
mucilaginosus. To compensate for water lossdueto
vgporization during periodic pressure oscillation coupled
with forced aeration SSF, peat was used as an idedl
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solid support for microbia processesduetoitshigh
water retention capacity. Thepurposeof thisarticlewas
toinvestigate using peat asaninert carrier for silicate
bacteriaproductioninapressure oscillating, solid-state
culture.

MATERIALSAND METHODS

Pressureoscillation

A gtanlessgted cylindrical vessl 20cmlong x 5.6
cm diameter with total capacity of 0.5 L wasused as
thebioreactor for thesestudies. Air pressureamplitude
was regul ated by modification of apressure meter fit-
ted ontheexhaust gaslineof thefermenter. Oscillation
of the pressure was manipul ated by periodical on-off
action of inlet and outlet vavesby acontroller. A repre-
sentetive profileof oscillating pressure between norma
atmospheric pressure (1 atm) and 2.5 atmisshownin
Figure 1, wherethe duration of the high pressure (t,)
was 0 min, whereas and the duration of thelow pres-
sure(t,) wasvaried.
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Figurel: Representative oscillating air pressurefrom nor-
mal atmospheric(1atm)to2.5atm

Microorganism

Bacillusmucilaginosuswas obtained fromtheIn-
gtituteof Soil and Fertilizer, ChineseAcademy of Agri-
cultural Sciences(Beijing Chind). Theorganismwas
cultured at 30°C for 12hin Erlenmeyer flaskson the
Alexandrov medium™., containing starch 5 g, sucrose
29,MgS0O, 29, K ,HPO, 29,(NH,),SO, 0.5 g, yeast
extract 1 g, FeCl, 0.02 g and per 1000 mL tap water.

Pretreatment of peat and solid statefer mentation

Peat wasalowed todry at 105°C for 3h, ground
to about 2 mm particlesize, thenautoclaved at 121 °C
for 60 min. Theresultant peat was mixed thoroughly
with themedium at the givenratio. The contentswere
sterilized for 30 minat 0.1 MPapressure, then cooled
andinoculated with theculture prepared previoudy, seed
charge 10 %, then followed by theincubationat 32°C
for 72 h. Viablecdlsenumerated inagiventime. Pres-
sureoscillation started at beginning of fermentation.

Biomass measur ements——viable count method

Viablebacterid countswas estimated using stan-
dard plate count technique. Fermented mass, 1 g, was
periodically withdrawn from the fermentor and soaked
in 100 ml gteriletap water, then shaken vigoroudly for
30 minwiththee ectronic shaker. Theliquor was sexi-
aly diluted and then plated. The number of vigblecells
wasexpressasc.f.u. (colony forming units) per gram
dry rot (c.f.u. g*) after applying acorrection for mois-
tureintheorigina sample. Triplicate samplewere set
up for each experimental variation. Sporulation and
growth of microbeswereexamined by microscopeat a
giventime. Sporulationratewastheratio of fina spores,
count to maximum viablecellsin 48 h during thefer-
mentation of B. mucilaginosus.

RESULTSAND DISCUSSIONS

Pressureamplitude

Unlikeother microorganismsashiofertilizer, final
fermenting product of B. mucilaginosuswas spore
other than microbeitself. Sporeyield wastheimpor-
tant index to the silicate bacteria SSF process. As
showninFigure2, theviablecellsof silicate bacteria
increase obvioudy under various pressure amplitudes
inall cases, compared to those obtained in aconven-
tional static system (pressure amplitude=1 atm). The
higher pressureamplitudewas given, the higher maxi-
mum viable cellswas obtai ned. However, sporulation
did not present the same situation, higher initial growth
of silicate bacteriaproduced by high pressure ampli-
tude can not result in high sporeyield. Asindicatein
Figure 2, theviablecellsincreased rapidly in48 h and
then declined. Themaximal viable spores, 1.66x108
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c.f.u.g*(SDM), wereobtained at theend of sporula-
tion when 2 atm pressure amplitude was sel ected.
Autolyzed cellsappeared in the high pressure ampli-
tudefermentation. It was observed by microscopethat
sporulation started at 54 h, then compl etely form at
72 hat 2 atm pressure amplitute, comparableto con-
ventional static system sporulation starting 60 h and
about 60 % sporesin 72 h.
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Figure?2: Viablecellsof Bacillusmucilaginosusat 83.3 %
initial moisture content, 15 min duration of low pressure
and variouspressureamplitude

Oscillation frequency

Oscillation frequency refersto duration of low pres-
sureinthispaper, namely, high oscillation frequency or
high airflow ratemeans short duration of low pressure.
Asindicatesin Figure 2, theviablecdlsincreased with
the decreasethe duration of low pressure. Evidently,
high frequency of pressure oscillation wasfound to be
helpful toincreaseviable cellsat the beginning of fer-
mentation. However, it presentsanother situation after
48 h. It was observed by microscope that high auto-
lyzed cell number appearedinthehigh oscillation fre-
guency. Themaximum sporesyield, 1.66x108 c.f.u.g?,
was obtained when the duration of low pressure was
15 min. Growth of silicate bacteriawas stimulated un-
der the condition of intensechanging of pressure, a the
sametime, viable cellswas easy to declineand auto-
lyzeinthehigh pressureamplitudeand airflow rate.

I nitial moistur econtent

Thevariation of thegporesyield of silicate bacteria
a differentinitid moisture content wasindictatedin FHg-
ure4. Themaxima viablespores, wasobtaineda 72 h
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Figure 3: Viable cells of Bacillus mucilaginosus at 2 atm

pressure amplitude, 83.3 % initial moisture content and
variousduration of low pressure
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Figure4: Viablecellsof Bacillusmucilaginosusat 2 atm
pressureamplitude, 15 min duration of low pressureand
variousinitial moistur e content Comparison among peat,
wheat straw, cor n straw and technical lignin asinert sup-
ports

o 12

when 1:5theinitial moisture content was chosen. It was
well knownthat water activity caninteract with various
physical and chemical factorsto affect microorganism
growth and sporulationin SSF process?, especialyin
pressure oscillation SSF. Gasexhaust in pressure os-
cillationresultin much lost of water content. Therefore,
high initial moisture content of solid substrate was
needed. However, cultivation of microorganismat high
initid moisture content level sfrequently resultedin sub-
strate particles sticking together. Furthermore, the
spaces between the particleswerefilled by water at
higher moisture content, which limits gas exchange.
Clearly, the presenceof acritical initial moisture con-
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tent above which the performance of the pressure os-
cillation fermentation wasindicated. Inthisexperiment,
the suitableinitial moisture content was 83.3 % and
final moisture content of substratewas 71.3 % dueto
water |osses.

Wheat straw, corn straw and technica lignin®4. had
been reported asinert support for biofertilizer produc-
tion. In this experiment, atrial that compared four
differentsinert support on silicate bacteriaproduction
wasmade.

TABLE 1 Effectsof thefour different inert support on the

viable spores of silicate bacteria at desirable cultural
condition.

. Viablecdls ) .
Types of inert (x10” c.f.u.g?y Viable  Sporulation
supports oah 48h 72n PO es* rate (%)
Peat 194 252 168 16.6 65.9
Corn straw 172 212 151 151 71.2
Wheat straw 155 196 143 143 73.1
Technical lignin 6.8 10.6 84 8.4 79.2

Viable spores* (x107 c.f.u.g?)

Thevariaionof theviablecdlsondifferent supports
wassummarizedin TABLE 1. Silicate bacteriahavest
different sporeyiedsin different inert supports. It was
obviousin TABLE 1 that peat had been demnonstrated
asthebest inert support for silicate bacteriaproduction.
Adversdly, high sporulaion rateoccursinthelower spore
yield support, such astechnicd lignin and wheat straw
ect. Asan dternative, corn straw and whest straw also
canfunction asinert support for the purpose.

CONCLUSIONS

In conventiond aerobic solid-datefermentation sys-
tems, interaction of masstranfer effectswith bioreaction
playsanimportant role on theyiel dsand productives of
thebioreactor. Although al oxygen concentration are
uniform in the SSF systems at the beginning, oxygen
concentration gradientsdeve opinthefermentation pro-
cessowingto masstransfer resistances, which will ad-
versdly affect productivity in termsof biomass*. How-
ever, thesegradientsmight beminimizedto alargeex-
tent by periodic pressureoscillationin apressure oscil-
lation solid statefermentation. Theforced aeration can
increase substrate porosity, which enlarges the total
surface of diffusion. Air can be uptakeninto and ex-

pelled fromtheintraparticle of themedium. Thus, effi-
cient aeration and heat removal areobtained, which, at
last, enhancebiomass productivity.

Growth and sporulation of silicate bacteriadid not
present the same law in the pressure oscillating
bioreactor. High pressureamplitude and oscillation fre-
guency can obtain high viablecelsnumber but not high
sporeyields. Water content of substrate played aim-
portant roleon growth and sporul ation of microorgan-
ism, expecidly in pressureoscillating reactor. However,

12 % water lossin the course of fermentation can
not result in metabolizing deviation but be conduciveto
sporulation of silicate bacteria. Asaconclusion, com-
pared to conventiona static fermentation, higher yield
was obtained in B. mucilaginosus productionin the
pressure oscillating SSF process.
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