
Accepted Manuscript

Structural basis of the impact of microwave drying on survival and shelf life of
Lactobacillus paracasei

S. Ambros, A.H. Vollmer, N.N. Youssef, U. Kulozik

PII: S0023-6438(18)30703-5

DOI: 10.1016/j.lwt.2018.08.051

Reference: YFSTL 7363

To appear in: LWT - Food Science and Technology

Received Date: 24 May 2018

Revised Date: 24 July 2018

Accepted Date: 25 August 2018

Please cite this article as: Ambros, S., Vollmer, A.H., Youssef, N.N., Kulozik, U., Structural basis of the
impact of microwave drying on survival and shelf life of Lactobacillus paracasei, LWT - Food Science
and Technology (2018), doi: 10.1016/j.lwt.2018.08.051.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.lwt.2018.08.051


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Structural basis of the impact of microwave drying on sur-

vival and shelf life of Lactobacillus paracasei 
 

S. Ambros1*, A. H. Vollmer2, N. N. Youssef2, U. Kulozik1 

1 Chair of Food and Bioprocess Engineering, Technical University of Munich, reising, Germa-

ny 
2 Department of Nutrition, Dietetics, and Food Sciences, Utah State University, Logan, UT, 
USA 

*Corresponding author: sabine.ambros@tum.de, Tel. +498161-713536, Fax +498161-

714384 

Keywords: Microwave drying, freeze drying, lactic acid bacteria, micro-structure, scanning 

electron microscopy 

Abstract: 

The impact of microwave application during drying on survival, shelf life and microstructure of 

the model strain Lactobacillus paracasei F19 was investigated. Possible structural differ-

ences between the microwave-enhanced drying processes compared to the conventional 

freeze, vacuum drying and further spray drying should be studied. While freeze-dried and 

microwave freeze-dried cells had the highest measured survival rates, vacuum-dried and 

microwave vacuum-dried cells showed the best storage stabilities among all samples. Thus, 

microwave application itself was neither affecting cell survival nor did it have an impact on 

the shelf life of the cultures. Scanning electron micrographs together with surface measure-

ments demonstrated large differences in the microstructure as well as the overall appear-

ance between freeze-dried, vacuum-dried and spray-dried cultures. Differences between 

microwave-enhanced and conventional drying processes on the other hand were only subtle. 

Thus, the mode of water removal (sublimation vs. evaporation) is a more decisive factor for 

the resulting product appearance and microstructure than energy application (microwaves 

vs. conduction). When storing a product at comparable environmental conditions, we found 

that the microstructure correlated well with storage stability. In summary, microwave energy 

can be used instead of conventional heat transfer to achieve a much more efficient, but 

equally gentle drying. 
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