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Abstract. The increasing shortage of fossil raw material is one reason why alternative 
biotechnological processes are urgently required to produce natural agents and 
additives. For example plant cells bare a wide range of nutritional, physiological and 
pharmaceutical relevant secondary metabolites. However, conventional industrial 
production is dependent on a number of biotic and abiotic influences. The in vitro 
production of secondary metabolites in plant cell and tissue cultures (e.g. hairy roots) 
represents a suitable alternative to conventional techniques and allows a year-round 
cultivation in the bioreactor under optimal conditions with consistent quality and 
quantity. One of the most important parameter for the development and monitoring of 
biotechnological processes is the biomass formation. In hairy root cultures, which 
form filamentous, network-like structures, the direct quantification of biomass is not 
possible and the quantification with indirect methods is very laborious and time 
intensive. Therefore an alternative method is required.  
 The poster presents the capabilities of the Laser-Speckle-Photometry (LSP) as 
an alternative and rapid method for biomass determination of hairy root cultures. The 
technique of time resolved LSP is based on the analysis of the variation of speckle-
patterns on the surface of the object characterized also the inner structure. This very 
fast and completely optical method allows the non-destructive, contactless 
measurement without sampling. 
 The aim of the work presented here is the development of a non-invasive sensor 
for determination of biomass and other morphological parameters in heterogeneous 
systems based on LSP-method. 

Introduction  

Speckle or speckle pattern in reality is a kind of interference pattern which produced by 
scattering coherent light beam. The dynamic speckle is a result of temporal evolution of a 
speckle pattern which can be considered as the temporal expression of the interference 
speckle pattern [1]. It is generated by the incidence of high-level coherent laser beam, up on 
an optical rough surface that result in a boiling grainy image [2]. The theory of speckle or 
dynamic speckle belongs to the category of statistical optics of which a detailed account of 
phenomena is given by Goodman [3] including the mathematical description of speckle 
properties, for instance the central limit theorem of probability theory, random processes. 
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Besides the structural information, the speckle dynamic provide an important information 
about diffusion processes, eg. As the blood flow in the vessels and other biochemical 
processes in biological objects such as fruits [4-6]. In the work [7], the fruit ripening was 
assessed. Wherein the sugar and chlorophyll content change (color change) are the decisive 
physiological characteristics that contribute to evaluable characteristic changes in dynamic 
speckles. Similarly, based on the recorded speckle images in movement of liquids like water 
activity is determined using an FFT analysis of the frequencies of the dynamic Biospeckle 
[8]. The movement of the particles in the cells, as in the blood circulation [9] of tissues and 
their response to the increase of drugs [10] can also be analyzed by this measurement 
technique quantitatively. 
The IKTS has developed in recent years, methods for time-resolved speckle photometry, 
successfully tested on a laboratory scale and is operating the transfer into industrial practice 
[11-12]. 
On condition that the increasing scarcity of fossil raw materials, rising population in 
developing countries and economies in transition demographic change in the industrialized 
countries, the related competition for agricultural land, back modern biotechnological 
production processes for the manufacture of hosiery and additives for e.g. pharmaceutical, 
cosmetic or food using vegetable cell and tissue cultures (e.g. hairy roots) and heterogeneous 
microorganisms (e.g. filamentous fungi) increased in the focus of research and development. 
Currently, there are several research towards the development of economic production 
processes for crop secondary metabolites (pharmaceutical and nutritionally potent substances 
with hairy root cultures) for the extraction of enzymes [13]. Economic management of 
cultivation of biotechnological processes for active extraction requires the determination of 
the biomass and the determination of their growth kinetics. The established market methods 
cannot be used to meet the requirements of the cultivation of hairy roots due to the 
inhomogeneous distribution of the root segments. In order to shorten the optimization period, 
a quantitative and preferably direct measurement method for determining the current biomass 
concentration is necessary. Therefore, the development of a fully automated, non-invasive 
sensor for determining the biomass concentration and morphology parameters in different 
heterogeneous biotechnological systems is of great interest.  

1. Laser-Speckle-Photometry (LSP) 

A speckle pattern is generated when an optical rough surface illuminated by a coherent light 
source. The scattered waves from various points of the illuminated surface interfere on the 
rough surface. In the observation plane, where they produce the speckle pattern - a spatial 
structure with randomly distributed intensity minima and maxima. The information of 
intensity can be detected by a CCD or CMOS chip. A speckle pattern acts as the fingerprint 
of the 3D information of sample surface. If the examined object is thermally excited, for 
example excited by a laser, the material characterization can be described by both static and 
dynamic speckle patterns [14].  
The Fig. 1 shows the LSP experimental set-up for the measurement the biological objects 
that are growth in the solid substrates. 
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Fig. 1. Schematic structure of the laser speckle photometry. An illumination laser (illumination source) 

irradiated the biological object thereby creating an interference pattern - speckle pattern (speckle image). The 
change of speckle pattern is caused by the activity and the growth of the object of the object. The temporal 
and spatial changes of speckle patterns allow for proper evaluation conclusions on change of the biomass. 

2. Application of LSP for monitoring of biological processes  

The basic structure for the evaluation of the temporal change of the biomass by the method 
of LSP is shown in Fig. 2. 

 
Fig. 2: Schematic description of the non-invasive technique for controlling the growth of biomass. 

 
 

To evaluate the current biomass formation, a suitable method is to evaluate the scale 
properties of the speckle pattern. The parameter fractal dimension DF [12] describes how 
"rugged" the examined object at any given time with an absolute value. In the same 
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proportion, the given dynamic parameter can describe the growth state of the examined 
object. Additionally the static changes in the object are well suitable for the characterization 
of it growth stage. For this approach the evaluation of the co-occurrence matrix and it 
parameter like entropy can be used. The correlated reference measurement should be taken 
in the next research.  

 
Fig. 3: The parameter of the fractal dimension with the length of cultivation during the increase of biomass 

growth.  

In Fig. 3 it can be seen that the fractal dimension increases with the duration of cultivation in 
four examined independent samples. 

 

 
Fig. 4: Changing the contrast of the illustrated temporal speckle pattern with the period of cultivation of hairy 

roots. The brighter area of the plant is shown, the higher the activity of the growth in the area. 

To evaluate the root activity, one method is given based on the calculation of time dependent 
speckle contrast k: 倦 噺 蹄極彫玉 噺 紐駆岫駆彫駈貸彫岻鉄駈極彫玉   (1), 

where I is the intensity of the pixel. The presentation of time-resolved contrast values shows 
that the areas with higher growth and change are always performed with low contrast. 
In Fig. 4, for example, the locations where the root areas grow currently are almost show in 
white. In the following days, the branches are formed at these locations. 

3. Summary  

Laser Speckle Photometry approach can be used for the evaluation of the growth of biomass. 
The research for the developing of the non-invasive BioSpeckle Sensor for online 
measurement without sampling for live quantification of biomass and live imaging of the 
objects is currently in the beginnings. The easy adaption and simple handling of the modular 
developing sensor give the possibility to use it in lab- and industrial scale.  
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Novel, the Laser Speckle Photometry is able to use the random interference pattern of 
coherent light for the evaluation of the surface and inner structure change of biological 
objects, which are growth in solid and fluid organic medium. The evaluation of temporal and 
spatial intensity variations of the time resolved speckle-patterns show that the information 
about the biological system and can be analyzed by the taken parameter. The first 
experiments shows the reproductive results on several not identical samples on hairy beetroot 
objects. The comparison of the LSP result to the reference methods will be carried out in the 
next research proceeding.  
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