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Abstract

Probiotics are live microorganisms which providaltie benefits to the host upon con-
sumption. There is a wealth of information avaiabh the health benefits associated
with the consumption of probiotics. However, cuthgmprobiotic microorganisms are
delivered mainly through refrigerated, short shiéfproducts. When incorporated into
ambient shelf-life products, the products genertdil/to meet the regulatory criteria,
which require probiotic bacteria to be viable ighinumbers at the end of shelf-life.
Storage temperature, oxygen and residual moistureent often result in loss of viabili-

ty of probiotics during storage and distribution.

A preliminary study was carried out to explore #féects of matrix composition (fat,
protein and carbohydrate) on the probiotic badtétiactobacillus paracaseCRL 431)
viability, during fluidized bed drying and subseqtistorage. The finding suggests that
whole milk powder provided a superior protectionktacteria during fluidized bed
drying and subsequent storage, compared to skit poNvder or milk protein isolate.
Moreover, water activity of the powders during agge played a key role in determining
the probiotic viability.

The effects of drying techniques, moisture congett water activity on the storage sta-
bility of L. paracasein a whole milk matrix were studied. Whole milk pdev-bacteria
mixtures were dried using spray drying, freezemyyar fluidized bed drying and stored
at 25 °C under controlled water activity ( 04,1 0.33a, and 0.52,) for 105 days. At
0.11 a,, cell viability loss was minimal, while at 0.5, viability was lost in all pow-
ders within 22 days. At the intermediate 0883 there were marked differences among
stored powders. Further, various analytical teamesq(X-ray diffraction, FT-IR, Ra-
man, NMR spectroscopy) were used to explore whylawd structural differences in
the matrix-bacteria mixtures, produced using déferdrying technologies, under dif-
ferent water activity storage conditions, influemeeterial viability. The results suggest
that fluidized bed drying provided a better protattto the bacteria during storage,
which was attributed to unique powder structurd tleduced the absorption of water.
The lower absorption of water resulted in the nemanhce of a more rigid structure,

which limited molecular mobility.

Lactobacillussp. is known to accumulate large amounts of imumymanganese which
apparently provides defense against oxidative danbggscavenging free radicals. The



ability of L. paracaseito maintain viability during long term ambient ige may be
enhanced by the ability of microorganism to accuwataiimanganese, which may act as
free radical scavenger. To investigate this hypo#hex-ray fluorescent microscopy
(XFM) was employed to determine the changes iretamental composition df. par-
acaseiduring growth in MRS medium with or without mangae as a function of
physiological growth state (early log vs. statignphase). The results revealed that
lower level of manganese accumulation occurredndutie early log phase of bacterial
growth compared with the stationary phase cell® Bhwver level of manganese accu-

mulation was found to be related to the loss irtdréad viability during storage.

Manganese has been known to possess pro- andx&tdinb properties, and understand-
ing of the changes in the manganese oxidation stateconsidered to provide some
further insights into the bacterial death mechasisim view of the relatively high con-
centration of manganese in lactobacilli, it wasndérest to better understand the oxida-
tion state, coordination number and ligands of nienganese in the bacteria. It was
possible to characterize the changes of manganiisi|em Wwacteria using XANES. The
results confirmed that manganese present withiparacaseiis in Mn(ll) oxidation

state and no changes in the manganese ligands leewldserved during storage.

In summary, the thesis provides a mechanistic Imsigo the ways to improve the sta-
bility of probiotics for application into ambientrig shelf-life products. Future studies
on tracking the genetic and proteomic aspects @fotiicteria during storage might be

useful for further understanding and process ogaton.

Keywords: Probiotics, freeze drying, spray dryifigidized bed drying, FT-IR, NMR
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