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THE STUDIES ON BIOLOGICAL ACTIVITY OF BACTERIAL PRE PARATIONS DURING
THEIR STORAGE UNDER DIFFERENT CONDITIONS

Summary

Application value of the preparations, employedagriculture is connected not only with the contairtberein strains of
lactic acid bacteria (LAB) but also with the tecltogical properties, determining the possibilitiesutilizing the discussed
preparations in a commercial form. The aim of thed®s was to determine the effect of the storagalitions of the
preparations of the selected strain of bacteriathed genus Lactobacillus on their biological actviduring 12 months.
Within the frames of the implementation of the wéhk effect of the method of drying (fluidizatdnying or lyophilisa-
tion), the employed packaging (vacuum packing arasfe in the air atmosphere) and temperature (rdemperature — ca
25°C or refrigerated conditions: 10-22) in survivability of bacteria was determined.ekfl2 months of conducting the
experiment, significant differences in the runtef thanges in survivability were found. It refavghe tested methods as
well as to the conditions of storage. Irrespectjva the employed conditions of the process, tkpgmations obtained with
the application of fluidization drying were charadzed by a lower survivability of bacteria as cargd to the prepara-
tions obtained by lyophilisation. The survivabildf/bacteria in lyophilisates, depending on theage temperature, varied
from ca. 23% to 60% after 12 months whereas irptieparations dried by fluidization method, it amtadhto 0.05-3.1%.
Key words bacterial preparations, survivability of bacterilyophilisation, storage of bacteria.

BADANIA AKTYWNO SCI BIOLOGICZNEJ PREPARATOW BAKTERYJNYCH W CZASIE
PRZECHOWYWANIA W RO ZNYCH WARUNKACH

Streszczenie

Wartasé aplikacyjna preparatow stosowanych w rolnictwidgaana jest nie tylko z zawartymi w nich szczeparkieia
fermentacji mlekowej, ale z& wtaciwasciami technologicznymi determimgymi maliwosci wykorzystania preparatéw
w formie handlowej. Celem baglayto okreglenie wptywu warunkéw przechowywania preparatéwrambgo szczepu bak-
terii z rodzaju Lactobacillus na ich aktyws§iobiologiczry w czasie 12 miegly. W ramach realizacji pracy okileno
wptyw metody suszenia (suszenie fluidyzacyjneidfibziacja), zastosowanych opakoivépakowanie préniowe lub prze-
chowywanie w atmosferze powietrza) oraz temperafiemperatura pokojowa — okoto %5 lub warunki chtodnicze —
10-12C) na przeéywalngi¢ bakterii. Preparaty przechowywano przez 12 ra@siPo 12 miegcach prowadzenia ekspe-
rymentu wysipity znaczce r&nice w przebiegu zmian pegsvalnaici. Dotyczy to zaréwno testowanych metod jak i wa-
runkéw przechowywania. Niezatée od zastosowanych warunkdw procesu preparatypmase z zastosowaniem suszenia
fluidyzacyjnego charakteryzowahe siizsz przelywalnaicig bakterii w poréwnaniu z preparatami uzyskanymimgep lio-
filizacje. Przeywalna¢ bakterii w liofilizatach, w zalmasci od temperatury przechowywania, wynosita od okkodo

60% po 12 miegcach, natomiast w preparatach suszonych mefhuidyzacji od 0,05 do 3,1%.
Stowa kluczowepreparaty bakteryjne, przgwalng¢ bakterii, liofilizacja, przechowywanie bakterii

1. Introduction

preservation of the specified biological activitiytbe prod-
uct during the storage under different conditiorigcl oc-

Implementation of organic (ecological) methods ofcur in practice — in the site of the direct custom® well as

farming is possible to the great degree owing tactical

utilization of the results of the studies of scificiresearch
units, working in favour of agriculture. One of tresearch
areas whose results are employed in agricultulades the
studies on the preparations for ensiling of rougisad he
preservation of pure, non-contaminated natural renvi
ment requires elimination of acids, employed in@agdture

for ensiling feeds. The application of the prepars, con-
taining the starter cultures of lactic acid baetebeing ap-
propriately selected to a type of ensiled plargshe solu-
tion which considers the requirements of ecologicat

ganic) farms [10].

Application value of the preparation, employedadgri-
culture is connected not only with the containedreimn
strains of lactic acid bacteria but also with thehinological
properties, determining the possibilities of utig the
preparations in a commercial form. Such propeitiekide
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of the distributors of a given product. The resufsthe
studies as being presented in this paper are dedita the
mentioned problem.

In the Institute of Agricultural and Food Biotedhogy,
there are produced the bio-preparations, usedrioudigire
for preservation of feeds and those ones emplogeana
mal probiotics and also, as the preparations fesgmvation
of raw materials for biogas-manufacturing plantd prepa-
rations for ensiling vegetables and initiating ferrtation of
bakery starters. The discussed preparations hase the
result of the research work carried on for manyryedntil
2015, they had a form of granulates and were obthby
the fluidization drying method. The stability (shkfe) of
the discussed preparations, especially during gteiage at
a room temperature, was not satisfactory — theiirof
bacteria after 12 months of storage was found entel
below 1%.
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In order to improve the survivability of bacteirabio-
preparations during their storage, the studies rmsguva-
tion of biomass by a sublimation drying method weare
dertaken. Lyophilisation is characterised by madyaa-
tages which make it almost ideal method for presigou
and preparation to a long storage of industriadisg [5].
Bacterial strains, as preserved by the discussetthoahe
keep the biochemical, morphological and immunolabic
properties of initial cells even after a long-tisterage pe-
riod [3]. The impact of particular physical factoog mi-
crobial survivability is not univocal. The scientiare con-
sistent only in the opinion that the additive obfective
substances improves the survivability of microoigans
[2, 4, 6]. It is recognised that the protective stabces
counteract the cell-inactivating mechanisms and atgm
increase of electrolytes’ concentration and icestatliza-
tion in their interior [7]. The exemplified sciefiti reports
indicate e.g. that the survivability of microorgamis during
the storage may be affected even by dry matteiarhéss,
subject to lyophilisation [1]. Porter et al. fouodnsiderable
differences in survival of bacteria during theiorsige, de-
pending on temperature (4 or°2 and atmosphere of en-
vironment (vacuum, air of nitrogen atmosphere) [9].

while spraying the bacterial biomass onto the dgeted
carried during drying process in fluidized bedteahpera-
ture not exceeding 36. The parameters of drying were: air
relative humidity 30-3% (air is dried using drying de-
vice), temperature of the air inside the fluidadbe the
changes increasing from initial value of 26°Q8until the
final one 33-34C. Final humidity of the preparations after
drying is from 4.4 to 5.5%, time of drying is 30-8%n.

Dehydration by the sublimation method was condlcte
in semi-technical freeze-dryer; working temperatire
crystallizer’'s chamber: -5&, time of the process ca. 48 h.
Final humidity of the preparation was 2-3%.

The dried preparations were vacuum-packed in drarri
PA/PE film bags or in small polyethylene jars sigxbhwith
moisture absorbers (storage in the air atmosphdriag.
samples from all variants were in parallel storeder re-
frigerated conditions (10-fpor at a room temperature (ca
25°C) for 12 months. The application of the specifetk-
ages was connected with the testing of differentaste
conditions, as for the storage under vacuum, fiteisessary
to apply the completely hermetic packages, suchaaser
bags.

The employed microbiological methods: determinatio

The purpose of the present work was to determiee thof lactic acid bacteria (LAB) by plate method on BlRe-

effect of storage conditions of the dried by flamtion
method and lyophilised biomass béctobacillus planta-
rum KKP 593 bacteria on the number of surviving baater

2. Methodology

The studied organism ikactobacillus plantarumK
KKP/593/p — the microbial strain, obtained by tle¢estion
method at the Laboratory of Fermentation Technolofy
the Institute of Agricultural and Food Biotechnojodpeing
characterized by the capability of synthesizingakiacel-
lular amylolytic enzymes and dynamic synthesis aditit
acid. It is employed as basic biological compongnthe
preparations, stimulating the process of ensilimg feeds,
especially those containing starch carbohydratebe T
preparations, obtained with the application of then-
tioned strain enable production of feed silagesnfreuch
plants as grasses, alfalfa (lucerne), clover, m@ra&n and
whole plants), other cereals, raw potatoes, anth fhy-
products of agri-food industry such as beet pulp distill-
ery decoction. The straibactobacillus plantarunkK KKP
/593/p is also characterized by probiotic propertids a
result of the studies concerning the antibactgniaperties
of the discussed strain (micro-aerobic conditioiisyvas
found that it revealed the capacities of inhibitthg devel-
opment of pathogens, isolated from alimentary toditick
animals.

2.1. Obtaining material for tests
The multiplied bacterial biomass was separatednfro

post-cultivation liquid by centrifugation; thenvifas divided
into two parts: the first one was dried by fluidina

dium acc. to standard PN —EN 15787:2009 [8].

The employed analytical methods: determinatiodrgf
matter content — by thermal-gravimetric method,ngsi
weighing-drying device by Sartoris company.

2.2. The results of the studies

Initially, the samples from each experimental aafi
were collected in one month intervals and in theggeof
8-12 months — each two months. The initial badtenant
in the preparations subject to fluidal drying wgsia to 6.0
x 10'° CFU/g whereas in the preparations dried by sublima
tion method, it amounted to 1.79 x*1@FU/g. Due to dif-
ferent values of the initial bacterial counts i trepara-
tions, the direct comparison of the results of ulation,
obtained systematically during the duration of sterage
experiments would be purposeless, therefore, tlarach
terization of the occurring changes was carried umihg
the survivability, expressed in percentage, coumtedatio
of actually determined bacterial count and thetiahvalue
in the preparation (directly after drying) and nplled by
100. The results of each experimental variant vai@wvn
on separate diagrams, marked with the numbers from
1lto 4.

Fig. 1 refers to fluidization drying and the sigeeaof the
preparations in the air in the polyethylene corgesn The
mentioned results constitute the comparative naltdne-
cause the preparations, existing before commendeaofen
the tests were obtained by the discussed methodtaned
under the discussed conditions. In such case, thae
found a quite quick loss of biological activity (eessed as
number of surviving bacteria in CFU/gf the preparations
during the first 6 months of the storage to theeleof

method (the comparative material was obtained by th11.3%, that is, by one order of size (from®@FU/g to 18

method employed at the Fermentation Technology Bepa
ment of IAFB for production of biopreparations) atie
other one was subjected to dehydration by the maiion
method.

Dehydration performed by fluidization techniquesvees
follows — the experimental preparations were oletdin
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CFU/g) in the case of storage under the refrigdratandi-
tions and to the level of 3.2% of the initial ba@kcount in
the case of storage at the room temperature,y.éwd or-
ders of size. Respectively, after 12 months ofstioeage in
refrigerated conditions, the survivability amounted.1%,
i.e. was lowered by 2 size orders and in the céa#iseostor-
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age at the room temperature, it was lowered t0%,0%.
by 3 orders of size.

The diagram found on Fig. 2 illustrates the chanige
biological activity, occurring in the same preparat being
stored in vacuum (plastic film bags). The applizatiof
vacuum packages had a small effect on the reshikis.
changes in the activity had the run similar to thaé pre-
sented in Fig. 1, especially up to the third moaththe
storage; after the mentioned period, more distiitfer-
ences appeared, unfavourable for the storage wadenm
conditions. In the case of the storage of the pedjmns in
refrigerated temperature for 12 months, the subiiig
was equal to 0.07%, that is, the measured parametsr
lowered by 3 orders of the size; in the case ofstheage at
the room temperature, the survivability was 0.006&6,the
decline in the bacterial count was equal to 4 aradrthe
size.

The application of drying by the sublimation metho
allowed obtaining considerably better results. Fhoeviv-
ability of lyophilised bacteria, being then storéd the
polyethylene containers (Fig. 3) was lowering cdesibly
slower than during the earlier described experisietbn-
cerning fluidized bed drying. After 12 months o thtor-
age under the refrigerated conditions, it was ecdwoal
58.9%, that is, a decline in activity, being exgezbas sur-
vivability, had place only by one order of the si2dso, in
the case of the storage of lyophilisates at thenrtempera-
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ture, the obtained results were considerably beecom-
pared to the experimental data, relating to th@amagions,
dried by the fluidization technique - the survigdlbacteria
amounted to 23.2% what should be recognized asra
good result. The change of the storage conditintts vac-
uum storage has not brought any significant changsar-
vivability of bacteria, irrespectively of the empgtx envi-
ronment temperature. After 12 months of the stoiagbe
refrigerated conditions, the survivability was equa
48.5%, i.e. it was lower by 10% as compared tostbeage
in the air atmosphere whereas at the room tempetahe
survivability amounted to 22.5%, i.e. it was almiolgntical
as that one obtained in the case of the storagjeeimir at-
mosphere for 12 months.

The results of the studies, obtained in the ptesenk
indicate that the developed method of dehydratioresy
equally good results in the case of the storageacuum
conditions and in the air atmosphere what may lbege
nized as the advantage of the method; it givestgrems-
sibilities for packing of the preparations obtainey the
discussed method, so it rises also their commeattedc-
tiveness. On the other hand, the relationship betwhe
survivability and the temperature of the storage haen
confirmed; better results of bacterial survivakilin the
preparations stored in refrigerating conditioncampared
to the room temperature were obtained in all expenial
variants of the present work.
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Fig. 1. Survivability of lyophilisedlactobacillus plantarunik KKP 593 bacteria, dried by fluidization methddring their storage in small bottles
Rys. 1. Prz&ywalnai¢ suszonych fluidyzacyjnie bakterii Lactobacilluamiirum K KKP 593 w czasie przechowywania w buteleczkach
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Fig. 2. Survivability of lyophilised.actobacillus plantaruniK KKP 593 bacteria, dried by fluidization methadtidg their storage in sachets
Rys. 2. Prz&ywalnai¢ suszonych fluidyzacyjnie bakterii Lactobacilluamiirum K KKP 593 w czasie przechowywania w saszetkach

Antoni MIECZNIKOWSKI, Krystyna ZIELINSKA

27

,Journal of Research and Applications in Agricultural Engineering” 2017, Vol. 62(4)



100 05 i BRoom conditions

o 85.1 W Refrigerated conditions

80

60
50
40
30
20
10

Survivability, %

Storage tune, months

Source: own work Zrédlo: opracowanie wlasne

Fig. 3. Survivability of lyophilised.actobacillus plantaruniK KKP 593 bacteria during their storage in smalitles
Rys. 3. Prz&ywalnai¢ liofilizowanych bakterii Lactobacillus plantarumkKP 593 w czasie przechowywania w buteleczkach
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Fig. 4. Survivability of lyophilised.actobacillus plantaruniK KKP 593 bacteria during their storage in sachets
Rys. 4. Przywalnai¢ liofilizowanych bakterii Lactobacillus plantarumKP 593 w czasie przechowywania w saszetkach

3. Conclusions A case study on stress preconditioning ofactobacillus
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