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Abstract:  Ceramic  carriers  for  immobilization  of
microorganisms are widely used in wastewater treatent, air
biofiltration technologies, etc. The aim of this stdy was to
compare seven different types of ceramic beads fabated from
two types of Devonian clay, in terms of their apprpriateness for
bacteria cell attachment and further use for soil/a cleaning
technologies. The effect of different ceramic bead®n the
microbial growth and biofilm formation was studied for pure
culture Pseudomonas putida MSCL 650 and for bacteria
consortium MDK.EKO-7. The highest CFU number recoveré
from the bead surfaces after 72h cultivation, wasithe sets No. 4,
6, and 7, corresponding to one Liepa red and two Ptai clay
samples, respectively. Besides, a fluoresceine ditate (FDA)
hydrolysis activity of the attached bacteria servedas a criterion
of biofilm formation. Statistically significant dif ferences of FDA
hydrolysis were shown for both, ceramic beads withiomass and
without it. Among ceramic beads without biomass, H&spheres
of Liepa red clay beads and Planci clay beads sigiéntly
differed from other tested samples. These data calilpoint to the
notable differences between physical-chemical propees of these
beads, which stimulated abiotic FDA hydrolysis. Amog ceramic
beads with biomass, FDA hydrolysis activity on theénalf-sphere
beads was significantly (p<0.05) higher than thatrothe surface
of the whole sphere beads fabricated from Liepa redlay. SEM
micrographs of the bead surface showed uneven digtution of
bacteria on the surface. The craters (pores) of cenaic bead seem
to be the most appropriate sites for bacteria attaement.
Experiments on dehydration of the attachedP. putida at 22 °C
showed a decrease of cell viability down to zero ib6 days. It was
concluded that Liepa red clay and Planci clay are ggropriate for
carrier fabrication. The quality of ceramic carrier is dependent
on the technological process of ceramic productionbead
composition and conditions for biofilm formation.

Keywords: colonization, bacteria consortium, ceramic beads,
enzymatic activity

|. INTRODUCTION

Inert carriers for immobilization of microorganisnae
widely used in wastewater treatment, air biofilbat and soil
remediation technologies. The main advantages efute of
immobilized cells in comparison with the suspendetks
include retention of higher concentrations of marganisms,
protection of cells against toxic substances amygmntion of
suspended bacterial biomass in the effluent [1].rddwer,
immobilization of microbial cells provides, in geag high
degradation efficiency and good operational stigtfift] - [4].

processes. In particular, ceramic porous cubespok S10
were used as biofilm supports for the continuoudaenic
digestion of olive mill wastewaters to produce vitgafatty
acids in anaerobic packed biofilm bed reactor Blite® P
3.5 mm beads with the nominal porosity of 37.95% #me
average pore size of 0.0664 um were tested inather&tory-
scale phenol biodegradation process [4]. Ceramieyomb
support for immobilization oBurkholderia pickettii was used
for degradation of quinoline in continuous flow og@on
conditions [6]. An air-lift bioreactor, with a hopeomb-like
ceramic column was tested for degradation of 2,4-
dichlorophenol by immobilized Achromobacter sp. [7].
Capillary and tubular ceramic membranes were te$ted
spore immobilization ofPhanerochaete chrysosporium. The
highest average biofilm thickness was shown for @ p
capillary ceramic membranes [8].

An appropriate biofilter media must have large acefarea
for both adsorption of contaminants and for suppgrthe
microbial growth [9]. It should be mechanically istant.
Besides, the attachment of microorganisms to aaserf
depends on the microbial structure. The main miatob
structure involved in this process is the glycogalwhich
consists of extracellular polysaccharides [9].

The interaction of cells with the ceramic suppeduits in a
remarkable increment of the metabolic rate of thsulting
adsorbed cells, as reflected by the observed ephzrtt of
their respiratory rate and lower lag periods [10][13].
Alterations in cell growth, physiology and metabadictivity
may be induced by cell immobilization. It has begmerally
observed that it is difficult to predict the typedamagnitude
of metabolic changes possible through immobilizafi4, [5],
8], [12], [14].

The aim of this study was to compare eight diffetgpes
of ceramic beads fabricated from two types of Déxorclay,
in terms of their appropriateness for bacteria agthchment
and further use for soil/air cleaning technologi@emparison
of ceramic samples was performed by characterizatiagheir
effect on the growing culture of Gram-negative bdet in
liquid medium, as well as an enzymatic activity bafcteria
attached onto biofilm.

Il. MATERIALS AND METHODS

Ceramic beads tested in this study were preparettheat
Institute of Silicate Materials, Riga Technical Meisity,

Recently, various ceramic immobilization supporver Latvia (Fig. 1). Two types of Devonian clays wersed for

been tested in the broad spectrum of biotechnabgic®
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reparation of ceramic beads, i.e., Liepa red elag Planci
clay.
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TABLE 1
PHYSICAL AND CHEMICAL PROPERTIES OF CERAMIC BEADS USED IRHE EXPERIMENT
Apparent Redox
Sample Composition Tempe- density p), Water uptake, % pH (D) potential,
No. rature,°C glent mv
1 Liepa red clay + 3% sawdust, extruded (whole sgs)e 1175 2.09 n.d. 5.7 59.0
Liepa red clay + 3% sawdust, extruded, crushed-(hgl

2 spheres) 1175 1.56 n.d. 5.9 49.4

3 Liepa red clay + 3% sawdust 1150 1.90 10.89 6.0 943

4 Liepa red clay + 3% sawdust, reduced 115( 1.95 07 7. 6.0 35.1

5 Liepa red clay + 3% sawdust + clay chamotte 1150 2.15 12.90 6.1 36.6

6 Planci clay + 3% sawdust 1200 n.d. n.d. 6.1 27.6)
7 Planci clay + 3% sawdust 1100 1.95 n.d. 6.1 32.0
*n.d. — not determined

Ceramic beads were prepared by plastic shapingdfisat!
in the laboratory furnace at different temperatyes. The
main physical and chemical characteristics of cérdmads
are presented in Table 1. The chemical composiafoniepa
red clay and Planci clay is summarized in Table 2.

Cultivation conditions and bacteria attachment onto ceramic
beads

Experiments were performed with a single cultures.,i
Pseudomonas putida MSCL 650, as well as a bacteria
consortium MDK-EKO-7, consisting oPseudomonas spp.
(two strains) andenotrophomonas maltophilia (six strains).
Attachment experiments were conducted in 50 mLkflas
containing 30 mL ceramic beads, 30 mL medium aBdniL
inoculum. Flasks were incubated at 28 with periodical
agitation. Medium composition for bacteria cultieat was as
follows, g/L: NgHPQ, — 6.0; KHPO, — 3.0; NaCl — 0.5;
(COONH;y)xH,0 — 0.4; molasses — 5; yeast extract — 2. Cell
concentration was expressed as colony forming W@tU)
per mL and determined by making serial decimaltiihs and
plating on TGA (Sifin, Germany). CFU were countefteia
72h plate incubation at 28 °C. The number of CFU/on_a
bead surface was determined as follows: beforantebieads
were dehydrated in Petri dishes at°22or at 37°C according
to the experiment scheme. After that, beads warshed and
then suspended in sterile water for preparationseifial
dilutions and plating.

Enzymatic activity

For fluorescein diacetate (FDA) hydrolysis assaye on
ceramic bead was placed in a tube with 5 ml 0.0ghlglsphate
buffer pH 7.6, containing 0.4 mg FDA in 0.2 mL ams.
FDA hydrolysis activity was determined after 60 min
incubation at 37C, in fourplicate, after adding an aliquote of
acetone, centrifuged at 4000 rpm and measured @tn#®
[16].

Fluorescence microscopy

Bacteria were stained with DAPI (Fluka) /mL or for
viability with ViaGrant™ Red Bacterial Gram Stain and
Viability Kit (Molecular Probes, USA) and watchdarough a
fluorescence microscope (Leica DM 2000, Germanyades
were taken with the help of the camera Leica DFC4aa
processed by Image-Pro Express 6.0 software.

samples see in Table 1.

Fig.1. Ceramic beads used in the experiment. Dggumi of the ceramic

TABLE 2
CHEMICAL COMPOSITION OFLIEPA RED CLAY AND PLANCI CLAY

Oxide Liepared | Planci clay,

clay, % %
SiO, 62.19 73.56
Al03 15.45 10.43
CaOo 0.83 0.57
MgO 1.32 1.88
Fe0s 7.15 4.06
TiO, 1.92 0.53
Na,O 0.09 0.26
K0 4.12 3.64
Ignition 4.68 4.60
loss at
1000°C
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Scanning €lectron microscopy (SEM)

Samples were fixed in glutaraldehyde solution (5%@lf
concentration in 0.1 M phosphate buffer, pH 7.2) 20 h.
After washing in water ceramic granules with imniiaieid
cells were incubated in 2% KCI solution for 24 hheT
prepared material was dehydrated in acetone ofasing
concentrations (40; 60; 80; 90; and 100%, 10 minhga
mounted on metal discs. Dried samples were coaiidgwld
in an Eiko Engineering ion coater IB-3 and observweda
scanning microscope Hitachi S-4800 at an acceteratltage
3.0 kv.

Satigtical analysis
The statistical data analysis was performed wighhalp of

the Single factor ANOVAEXcel software for the significance
level o= 0.05.

I1l. RESULTS AND DISCUSSION

In this study, a selection of the most approprigfees of
ceramic beads for bacteria
growth/viability of bacteria in the presence ofamic beads
was chosen as the main criterion for this selectionthe
previous experiments, the clay samples that origthdrom
different Latvia deposits (Prometejs, Liepa,
demonstrated considerable differences towards #ffgct on
the viability and growth ofPseudomonas putida MSCL 650.
In particular, it was ascertained that the Pronsetaramic
beads possessed the strongest bactericidal eff¢ioe iaquatic
environment among the tested samples [17]. In tlesemt
study, Latvia clay deposits Liepa and Planci serasdthe
source of clay for fabrication of ceramic beads.

Growth of bacteria in the presence of different types of
ceramic beads

A typical growth curve foPseudomonas putida MSCL 650
in the presence of the beads No. 7 is shown in Big.
Comparative characteristics of the effect of cecamin the
microbial growth were also given for the bacteresortium
MDK.EKO-7. As shown
concentration of free living cells in culture liguafter 72h
incubation was similar for the sets with all testegfamic
beads as well as in the control set without bedtie. CFU
number in these sets varied within the range fraddnx710 to

9.0 x 1d CFU/mL (Fig. 3). Fluorescence micrographs of free

living cells of bacteria consortium MDK-EKO-7 arkosvn in
Fig. 4.

The three days' cultivation of bacteria consortiimthe
presence of ceramic beads was expected to resulhen
formation of a biofilm onto the beads surfaces. Diafilm
formation on bead surface was evaluated by threenative
methodical approaches, i.e., (i) counting the nunufeCFU;
(i) measuring the enzymatic activity of living telor/and
their enzymes; (iii) observation of bead surfacéhwattached
cells by SEM.

immobilization was made.

Lode),

in Fig. 3, the average CFU

determination of the number of bacteria attacheb dne
surface, it is important to mention comparativetites
conducted within the framework of this study. Befor
plating, suspension with the beads was treatedhiget
different ways, i.e., (i) 10 min agitation at 1Qéhr; (ii) 10
min treatment by ultrasound; (iii) bead crushingpegtle in
the mortar. A slightly higher number of CFU wasabed
in the samples with the crushed beads and the tedftefs
ultrasonic treatment, as compared to the sampléschw
were just agitated before plating (results not sijow
Hydrolysis of FDA has been suggested as an ap@tepri
method in integrated bioecosystem studies becabee t
ubiquitous lipase, protease, and esterase enzymes a
involved in the hydrolysis of FDA [18]. The resulb® a
microbial FDA hydrolysis activity onto ceramic beadre
shown in Fig. 5. The single-factor analysis of aade for
ceramic beads with attached cells yielded the Fishe
criterion F = 11.31 >F., = 2.66, wherdFcr is the critical
value of this criterion.
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Fig.2. Growth ofPseudomonas putida MSCL 650 in the presence of
ceramic beads No. 7, at 28. (Description of the ceramic sample
see in Fig. 1, Table 1). Error bars represent tdredsird deviation.

O Attached
1,00E+09 l @ Suspended
L
P [
100E+07 1 @ @
O
- O
£ 1,00E+05 +
>
5 o 0 °© ©
1,00E+03 -
1,00E+01 T T T T T T 1

0 1 2 3 4 5 6 7
Ceramic beads

The number of CFU, which were recovered from thadbe Fig.3. Concentration of bacterial CFU in free (imsgension) and

surfaces after 72h cultivation, showed that thehéxdg CFU
number was in the sets No. 4, 6, and 7, correspgrii one
Liepa red and two Planci clay samples, respectijely. 3).
Discussing the appropriateness of the plating nuetfar
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attached state after 72h cultivation of consortMBK.EKO-7 in
liquid broth. 0 — without ceramic beads; 1-7 — eliéint ceramic
beads. Ceramic beads with attached cells were dategtat 37C
during 48h before testing. (Description of the od@asamples see
in Fig. 1, Table 1).
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Fig.4 Fluorescence micrographs of bacteria consartMDK.EKO-7 after 48h growth. A — heterogeneitysofspended bacteria. Live and dead Gram-negative
cells fluorescence as blue and green, respectiBelybacterial colony shows blue fluorescence e@MAPI-stained sample. Bar =10 pm.

Among ceramic beads with biomass, the highest FD&olumn. In this respect, the data on cell viabildyring

hydrolysis activity was shown to be in the sets Rlo4, 5, 6,
and 7. No significant differences were detectethia group.
The set No. 3 exhibited the lowest enzymatic atgtismong
the tested samples (Fig. 5). In the control vasigiceramic
beads without biomass) it was shown that the set2Nand 6
significantly differed from other tested samples.

An additional attention should be paid to the corigoa of
biofilm formation onto the whole-sphere and halfsme
beads (Sets No. 1 and 2, respectively). In thieexpent, the
microbial activity on the inner surface of the hgtthere beads
was significantly (F=11.95>ps.1.154.49) higher than that on
the outer surface of the whole sphere beads ([ig. 5

Topography of the surface plays an important rolethie
process of bacteria attachment. The surface piiepgerin
particular, porosity, was supposed to be diffe@nthe outer
and inner surfaces of the ceramic beads. Thesereliftes
were observed on the SEM micrographs (Fig. 6). #sws in
Fig. 6, bacteria cells are distributed unevenlytlom surface.
The craters (pores) of a ceramic bead seem to dentbst
appropriate sites for bacteria attachment.

Survival of Pseudomonas putida attached onto ceramic
beads under ambient conditions during storage

The process of immobilization of microorganisms corat
carrier can be performed either, (i) directly i thioreactor/
biofiltration column with immediate launch of tharget
biotechnological process or (ii) in a special bamt®r for
immobilized biomass preparation ,in advance”, withther
storage, transportation etc. In this respect, grepbrtance is
given to viability of the attached cells during rstge, in
particular, upon slow dehydration at ambient terapee. The
results mentioned above, represent the data oerrimertivity

after 48h dehydration at 3 (Fig. 3, 5). As was previously

reported by [19] - [21], the microbial cell vialhli during
dehydration-rehydration process depends on mantori&ac
including temperature. Conversely, spontaneousirging of
a carrier with immobilized cells may occur at diéfat
technological stages. For instance, a sudden gpleoidd or
continuous dehydration of cells takes place in arigkling
biofilter due to uneven distribution of liquid pleasn the

dehydration at ambient temperatures could provdtétianal
information for further application of the immolziid biomass
in biotechnological processes. As shown in Figvidbility of
the P. putida attached onto ceramic beads No. 7 was decreased
down to zero during 16 days of dehydration at@2 Further
experiments are needed for more detailed study ialpility
and activity of the attached bacteria under varimurgditions.

O without bacteria

10- ® with MDK.EKO-7

0,8 1
0,6
0,4

0,2 1

FDA hydrolysis, mg/L carrier

0,0 -
1 2 3 4 5 6 7

Ceramic beads

Fig.5. FDA hydrolysis activity of bacteria consari MDK.EKO-7 attached
onto the surface of ceramic beads. 1-8 — ceramadéDescription
see in Fig. 1, Table 1). Ceramic beads with attacbells were
dehydrated at 37C during 48h before testing. Error bars repredeat t
standard deviation.

Comparative characteristics of ceramic beads originated
from Liepa red clay and Planci clay

As shown in our previous experiments, the physical-
chemical characteristics of clay notably influendbe
microbial behaviour towards ceramic surface [1#. this
study, ceramic beads were fabricated from the cfaywo
Latvia deposits, i.e., Liepa and Planci. As wasashin Fig. 5,
half-spheres of Liepa red clay beads and Plangi blads
(sets No. 2 and 6, resp.) without biomass signifigadiffered
from other tested samples by abiotic FDA hydrolysisivity.
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Typical porosity and pore distribution for thesabe is shown 1.

in Fig. 8. The porosity of half-spheres of Liepa &ay bead
(set No. 2) (Fig. 8,A) is larger compared to thegsity of
granules produced from Planci clay (set No. 6). difference

in porosity is about 10%. The pore size distributin some 2.

ceramic beads (Fig. 8,B) is marked by a slightedéhce in
the region 1 — 0.2um of pore diameter. At the same time
specific surface area of half-sphere ceramic be&athriger
(4.34 nflg) in comparison to specific surface area of cétam

bead produced from Planci clay (3.8G/g). These results 3.

verify the better biofilm formation and the higheBDA
hydrolysis activity of the half-sphere ceramic bead

- ",

bacteria consortium MDK.EKO-7.

V. CONCLUSIONS

The highest CFU number recovered from bead surfaces
after 72h cultivation of bacteria consortium MDK.EK7,
was in sets No. 4, 6, and 7, corresponding to depa.red
and two Planci clay samples, respectively.

Among ceramic beads with biomass, FDA hydrolysis
activity on the half-sphere beads was significantly
(F=11.95>kK 0s5:1.154.49) higher than that on the surface of
the whole sphere beads fabricated from Liepa rag cle.,
sets No. 1 and 2, respectively.

Among ceramic beads without biomass, sets No. 26and
corresponding to half-spheres of Liepa red claydbeand
Planci clay beads, significantly differed from athested
samples. These data could point to the notablerdifices
between physical-chemical properties of these hesliish
stimulated abiotic FDA hydrolysis.

. The ceramic beads produced from Liepa red clay by

addition of chamotte to this clay at the ratio (Skt No. 5)
proved to be an appropriate carrier for bacterizsoadium
MDK-EKO-7.

. Experiments on dehydration of the attaclegutida at 22

°C showed a decrease of cell viability down to zierd.6
days.

. Liepa red clay and Planci clay were found to berayppate

for carrier fabrication. The quality of ceramic gar is
dependent on the technological process of ceramic
production, bead composition and conditions forfiloo
formation. Further experiments are needed
understanding the mechanisms of bacteria attachorent
ceramic beads.
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To summarize the results obtained in this study thHig.7. Survival ofPseudomonas putida attached onto ceramic beads No. 7,

following conclusions are made:
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during dehydration at 22C. (Description of the ceramic sample see in
Fig. 1, Table 1). Error bars represent the standewihtion.
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Fig.8. Comparative characteristics of the half-spfeeramic bead originated from Liepa red clay K&t2) and ceramic bead originated from Plancgy ¢teet
No. 6) determined by mercury porosimetry. A — piyo® — pores size distribution.
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Bakteriju koloniz acija uz keramikas granulam: divu Latvijas devona mala atradnu safidzino tesgSana

Keramikas matedlus mikroorganismu imobilacijai plasi izmanto notdidenu atfriSanas iekrtas, gaisa biofilticija u.c. tehnolgijas. S
petijjuma nerkis bija saldzinat septhus keramikas granulu paraugus, kuri ®asto diviem devona fka veidiem, pc to piengrotibas
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izmantoSanai mikroorganismu imobidijai. Dazdu keramikas granulu ietekme uz mikroorganismu awg3un biopves veidoSanu tika
petita ar trkultiru Pseudomonas putida MSCL 650 un bakriju konsorciju MDK.EKO-7. Vislielikais kolonijas veidojoSo vigébu (KVV)
skaits, kuru ieguva no granulu virsma& 72 h kultigSanas, bija variantos Nr. 4, 6 un 7, kuri atbilsieeigi vienam Liepas sarkanoaia
paraugam un diviem Plan malu paraugiem. K papildus #ditaju biopleves veidoSads procesa iZe izmantoja fluoresaea diacetta (FDA)
hidrolizes aktividti. Statistiski lutiskas atgiribas FDA hidraizes aktiviiite bija konstaitas gan starp sterilo granulu paraugiem, gan starp
granulu paraugiem ar bigpli. Sterilo granulu paraugi Nr. 2 un 6, kuri atbitgtiedgi granulu pusloeéim no Liepas sarkanajiematiem un
granubm no Plagu maliem, iewrojami atkiras no prgjiem variantiem. legtie rezulfiti var liecirat par granulu fizikli kimiskagm
atiribam, kuras ietekmabiotisku FDA hidrakzi. Safdzinot granulu paraugus ar bidpil Nr. 1 un 2, kuri atbilst attiégi Liepas sarkano &lu
lodem un puslodm, FDA hidroizes aktiviite bija hitiski (F=11,95>k os5.1.154,49) liekka paraugam Nr. 2, t.i., uz puslozu virsmas. Ar
skergjoSo mikroskopiju bija piedits nevienrarigs $inu sadajums uz granulu virsmas, vairums bakt atradis keramikas pas.
Piestiprirato P. putida Sinu dehidraicija 22 °C temperatra 16 dienu laik samazigja Sinu davotsgju Iidz 0%. No ieg@tajiem rezulitiem
secirits, ka Liepas sarkanie un Ptanmili ir piemerots izejmatetils mikroorganismu nég izgatavoSanai. Keramikas ggskvalitate liela
mera ir atkaiga no keramikas granulu razoSanas tehiijale, piedevu sadta un biopéves veidoSaas apsikliem.

Oasra Myrep, Katpuna IloranoBa, Busma HukonaeBa, 3aiira Ilerpunsi, Tarbsina I'pud, Anousuiic Ilarmannuexe, Pyra IlIBunka,
Bucsanguc IlIBunka. Kononm3anusi Oakrepuii HAa IOBEPXHOCTH KePAMHYECKHX TIpaHYyJ. CPaBHUTeJIbHAas OLEHKa [JBYyX
MeCTOPOXKICHHUIi ININHBI AeBOHCKOro nepuoaa B Jlarsuu

Kepamnueckne MaTepralisl IIHPOKO UCHIONB3YIOTCS B TEXHOJIOTHSX IT0 OYHCTKE CTOYHBIX BOJ, OMO(QMIbTpanuy Bo3xyxa u ap. Llemsio qaHaoro
HCCIIeI0BaHMs OBIIIO CPABHUTH CEMb 00pa3II0B KEPAMHIECKHUX I'PaHyJl, COCTOSIIUX U3 TIMHBI JBYX MECTOPOXKICHUH IEBOHCKOTO MEPHOJa, - IO
UX MPUTOJHOCTH B KQU€CTBE HOCHUTENS Ul HMMOOHMIH3AI[MU MHKPOOPTaHU3MOB. BiisHIe pa3nudHbIX BUIOB KEPAaMUUECKHX TPaHYN Ha POCT
KUJKON KyJbTYpbl U (OpMHpOBaHHE OMOIUIEHKH OIICHUBAJIM B DKCIEPUMEHTaX C 4MCTOM KynbTypoit Pseudomonas putida MSCL 650 u
koHcopuuymoMm 6Gakrepuit MDK.EKO-7. HauGonbiuiee umcio kojouun obpasyrommx exunun (KOE) ¢ moBepxHOCTH rpaHyn mocie 724
KyJIbTUBUPOBaHNUs ObLIO BBISBIECHO B BapHaHTax 4, 61 7, KOTOpbIe COOTBETCTBYIOT 00pa3ily rpaHyJl, M3rOTOBJICHHBIX U3 IIMHbI JIuena kpacHas
U IBYM oOpaslaM, W3rOTOBJICHHBIM M3 IIMHEI [Imanun. B kauecTBe kpuTepHs OLECHKH (opMHpOBAaHHS OMOIUIEHKH, HCIIONB30BAIH TAKXKE
aKTUBHOCTh THAponu3a ¢uyopecuenna guarnerata (OJIA). CraTuCTHYECKHM 3HAYMMbIC OTJIMYHMS ObUIM BBISBJICHBl Kak B TPYIIE CO
CTepPUIFHBIMU TPAHyJIaMH, TaK U CPEIH TPaHyJl ¢ OMOIUIEHKOI Ha moBepXHOCTH. CTepIIIbHBIC IpaHyibl 2 M 6, COOTBETCTBYIOLIHE TTOJIychepam,
M3TOTOBJIIEHHBIM M3 KpacHOW IIMHEI JIena u HeMoCTHBIM IpaHyiIaM n3 TMHEI [1aHdy, 3HaYUTeNIFHO OTIINYAINCE OT OCTAIBHBIX BAPHAHTOB
rpaHys. IloidydeHHbIC pe3y/lbTaThl YKa3blBAIOT Ha pa3iMyMsi B (U3MKO-XMMHYECKMX CBOWCTBAX, KOTOpbIC BIHUSIOT HAa aKTHBHOCTb
abuornueckoro rupponusa DIA. Cpean o0Opa3noB rpaHysn ¢ OHMOMIEHKOW Ha IOBEPXHOCTH, BaXHO OTMETHTh OTJIMYMSA B aKTUBHOCTH
ruaponnsa ®JIA Mexay LEIOCTHBIMH TpaHyJaMHM M MEXaHM4eCKH pa3liel€HHbIMU Ha moaychepbl. Tak, rpaHysbl HIEHTHYHOIO COCTaBa
(xpacHast ruHa Jluena), B Bue LEIOCTHBIX IrpaHyi U moxycdep, npogeMoHcTpupoBany 3HauntensHble (F=11,95>k os.1.154,49) pasnuuaus B
akTHBHOCTH ruapoinia ®JIA B mone3y nociaeaHux. MeTooM CKaHUPYIOIEH MUKPOCKONNH MOKa3aHO HEPABHOMEPHOE PACIIPEIENICHUE KIETOK
Ha TIOBEPXHOCTH T'PaHyJbl ¢ HanOOJbIIeH MX KOHIEHTpANUsIX B mopax. Jlernaparamus NMPUKPEIUIEHHBIX K ITOBEPXHOCTH IpaHyi KieTok P.
putida npu Temneparype 22 °C B Teuenne 16 aHeil npuBesa K motepe )U3HECTIOCOOHOCTH KieToK. [iinHa MectopoxaeHus Jlunena u [lnanyun
SIBIIETCSL TPUEMIIEMBIM HCXOAHBIM MAaTepHajioM JUIsi W3TOTOBJIEHMs HocuTels. KaduecTBO KepaMHYeCKOro HOCUTENS 3aBHCHUT, TJIaBHBIM
00pa3oM, OT TEXHOJIOTHH IIPOU3BOJICTBA IPAHYII, HX COCTaBa, a TAKXKe YCIOBHH (GOpMHUPOBaHMS OUOILIEHKH.
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