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Molecular mobility and ageing of sugar glasses
José Raùl Grigera
Instituto de Física de Líquidos y Sistemas Biológicos (IFLYSIB) & Departamento de Ciencias Biológicas,
Facultad de Ciencias Exactas, Universidad Nacional de La Plata,
59-789, c.c. 564, 1900 La Plata, Argentina
grigera@iflysib.unlp.edu.ar
Keywords:
water stress, sugar glasses, glasses ageing; dielectric relaxation
It is well known that carbohydrates play an important role in the stabilization of biological component under
water stress and, consequently, in the preservation of foods. Water stress is produced either by freezing or by
drying, and proteins and tissues are damaged due to the generation of large gradients of concentration of salts.
Although some explanations have been proposed, the mechanisms by which carbohydrates act as protectors are
not yet properly known. The protection efficiency is not the same for different carbohydrates, and it may be
related with particular properties of the glassy states of the carbohydrates-water solutions.
In this talk, we will consider the study of the glassy state of glucose, both pure and in solution, reviewing some
computer simulation studies and analyzing new dielectric relaxation experiments. These experiments cover
temperatures below the glass transition and allow for the direct observation of ageing effects. Measurements of
dielectric relaxation become prohibitive in the frequency domain, since the frequencies of interest (down to the
mHz range) require extremely long measurement times. To overcome this problem we have used a custom-made
device to measure the dielectric relaxation times of aqueous solution of glucose in the time domain.
We have observed two processes with relaxation time in the range of 100 to 1000 s. The analysis of the results at
different times after the formation of the glass allows us to show clearly the ageing process, which takes of the
order of a week to reach to a stable state. These experiments, together with the simulation and theoretical
considerations, allow us to reach some conclusions regarding the structural relaxation of molecular glasses.
Acknowledgements:
This work has been partially supported by the National Research council of Argentina (CONICET), the
University of La Plata and the AGENCyP. I am a member of the Research Career of CONICET.
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Fate of sugar structural phase transitions as consequence of water mobility:
The case of trehalose
Attilio Cesàro
Dept. Biochemistry, Biophysics and Macromolecular Chemistry, UdR Trieste INSTM, University of Trieste,
Via Giorgieri 1, I-34127 Trieste, Italy
cesaro@bbcm.univ.trieste.it
Keywords:
trehalose, dehydration, polymorphs, amorphization
Within this survey, the transformation paths of trehalose and the its interplay with water molecules are taken as
an example to underline the role of water structural and dynamic functions in the “protection” of foods and
microorganisms. To this end, studies have been made on water-trehalose interactions from the solution state to
the solid state (either amorphous or crystalline) and on structure and stability of the several forms, also in the
presence of other relevant biomolecules.
In particular, two processes will be examined: the process of dehydration of the system trehalose-water under
several dynamic conditions and the time-temperature stability of disordered phase prepared with different
protocols.
The study of the dehydration process of trehalose dihydrate crystals (TRE-h) has been carried out by tuning
scanning rates of the product formation, under ‘‘controlled evaporation rates’’ (confined conditions). The
rationale for this study is the construction of a dynamic diagram as a function of the time scale of trehalose
transformations and the timescale of water effusion. The main result of this piece of work is a diagram which
includes not only the ‘‘static’’ temperature/transformation coexistence lines but also their dependence on the
time required for the transformations and the rate of vapor flowing out of the cell. This information is relevant
for the best simulation of the natural process of dehydration, which conceivably occurs under slow heating and
under controlled evaporation rate.
Several procedures are presented to prepare amorphous trehalose. Amorphization occurs by melting (Tm =
215 °C) or milling (room temperature) of the crystalline anhydrous form TRE-β. Fast dehydration of the
dihydrate crystalline polymorph, TRE-h, also produces an amorphous phase. Other gentle dehydration
procedures of TRE-h, such as microwave treatment, supercritical extraction or gentle heating at low scan rates,
give variable fractions of the polymorph TRE-α, that undergo amorphization upon melting (at lower
temperature, Tm = 130 °C). Additional procedures for amorphization, such as freeze-drying, spray drying or
evaporation of trehalose solutions, are discussed.
All these procedures are classified depending on the capability of the amorphous phase to undergo cold
crystallization upon heating at temperatures above the glass transition temperature (Tg = 120 °C). The
recrystallizable amorphous phase is invariably obtained by melting the polymorph TRE-α, while other
procedures give an amorphous phase that is unable to crystallize above Tg. The existence of two different
categories is taken as a speculative evidence for the presence of polyamorphic states of trehalose.
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Water-disaccharide interactions in saturated solutions and the crystallisation conditions
Adem Gharsallaoui, Barbara Rogé, Mohamed Mathlouthi*
Laboratoire de Chimie Physique Industrielle, UMR FARE, Faculté des Sciences,
Université de Reims Champagne-Ardenne, B.P. 1039, 51687 Reims Cedex 2, France
*mohamed.mathlouthi@univ-reims.fr
Keywords:
water, sucrose, maltitol, trehalose, hydration, solubility, viscosity, crystallisation
There has been a growing interest in recent years for disaccharides especially as concerns their hydration, glass
transition and biopreservation properties. Crystallisation of these molecules in the aqueous – sugar system was
mainly approached as rearrangement of the amorphous state under varied temperature and water vapour pressure
conditions to yield more or less stable crystals at room temperature. Arguments like H-bond strength or
conformational flexibility of the two monomers around the glycosidic oxygen were evoked as possible
explanations of the behaviour of disaccharides.
Concentration conditions prevailing when a disaccharide is used as a cryoprotectant or when its structure is
studied in freeze-dried or concentrated frozen phases are rather high closer to the saturated or supersaturated
states than to the dilute solutions usually investigated by molecular modelling. Moreover, saturated solutions,
although looking macroscopically as homogeneous liquids are in fact largely heterogeneous at the microscopic
level. They contain organised swarms of solute molecules called “protonuclei” preparing the further step of
nucleation. Various molecular associations take place in aqueous disaccharide solutions. At least three types of
associations (water-water, water-sugar and sugar-sugar) occur together with collisions between the different
associates.
This paper reports solubility data and measurements of viscosity of the saturated aqueous solutions of sucrose,
maltitol and trehalose. Likewise, the metastable zone width and velocity of crystallisation of the three
disaccharides are compared. The narrowest metastable zone is observed for maltitol and the largest for trehalose.
Such a behaviour is due to a higher affinity of trehalose for water. Moreover, the crystallisation of anhydrous
disaccharides in aqueous solution necessitates that hydration water be removed and transported from crystal
integration surface to the bulk of solution to allow the growth of crystals. This step of disassociation and
diffusion of hydration water proves to be the controlling step of the crystallisation process.
Structural features at the origin of the differences between the three sugars are studied by FTIR spectroscopy.
Modifications of frequencies and intensities of the vibrations around the glycosidic bond are interpreted in terms
of conformational flexibility and stability of hydration of the disaccharides. They help in interpreting the
differences in crystallisation conditions and to hypothesize about the cryoprotective ability of the studied
molecules.
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Investigation of the effects of low-frequency electromagnetic fields on the
physicochemical properties of water:
Incidence on biological activity
Philippe Vallée
LOS, Université Pierre et Marie Curie, 75013 Paris, France
phvallee@libertysurf.fr
Keywords:
water, electromagnetic fields, photoluminescence, light scattering, nanobubbles, gas/water interface
In the literature, there is presently no clear consensus on the mechanism of action of biological effects of
electromagnetic fields (EMF). Our assumption was that water being the major component common to all living
organisms could be the target of EMF. The effects of EMF on water are also a controversial issue mainly due to
variation in water composition and/or environmental conditions. In the present study, we developed new
experimental procedures in order to investigate the physicochemical as well as the biological effects of EMF on
water.
We studied the action of pulsed low frequency electromagnetic fields on the physicochemical properties of
water. Water samples prepared under severely controlled conditions (purification; atmospheric, electromagnetic
and acoustic environments; chemical inertia of the containers) were exposed to sinusoidal fields (< 10 kHz,
1 mT, 4 mV/m), supplied by pulsed waves. The effect was characterised using elastic light scattering and
photoluminescence: intensities decreased by 22 and 70 % respectively [1, 2]. Additional experiments using
dynamic light scattering and degassing showed a decrease of 300 nm diameter nanobubbles [1]. We
hypothesised that low frequency electromagnetic fields act on the gas/water interface by disturbing the ionic
double-layer, which stabilises the gas nanobubbles in water. The photoluminescence results from the excitation
of these hydrated ionic compounds.
These results open interesting perspectives in biology, notably via the role of the ionic double layer. Moreover,
biological systems are organised into nanocompartments within the size range of gas bubbles that we observe.
Within the framework of our results, one can infer that interface effects related to the specific distributions of
ions in water at the boundary of these compartments may play a key role in biological processes.
The biological effect of the water exposed of these electromagnetic fields was studied by the measure of seed
germination rate. Under precise conditions, a 20 to 30 % increase of final rate of the leek seed germination is
observed. One of the assumptions of the action could result by an improvement of the bioavailability and/or a
better hydration of the residual compounds present in water samples.
References:
[1] P. Vallée et al. “Effects of pulsed low frequency electromagnetic fields on water characterized by light
scattering techniques: role of bubble” Langmuir 21(6), 2005, 2293-2299
[2] P. Vallée et al. “Effects of pulsed low frequency electromagnetic fields on water using photoluminescence
spectroscopy: role of bubble/water interface” J. Chem. Phys. 122(11), 2005, 114513, 1-8
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Diffusion of small molecules in edible films:
Effect of water and interactions between diffusant and polymer
Thomas Karbowiak1,2*, Régis Gougeon1,3, Dominique Champion1,
Frédéric Debeaufort1,4 and Andrée Voilley1
1

IMSAPS, ENSBANA, Burgundy University, Dijon, France
2

CRITT 2ABI, Bourgogne Technologies, Dijon, France
3

IUVV, Burgundy University, Dijon, France

4

IUT-Génie Biologique, Burgundy University, Dijon, France
*thomas.karbowiak@u-bourgogne.fr

Keywords:
diffusion coefficient, carrageenan, fluorescein, water, FRAP, solid state NMR
The knowledge of small molecule diffusion in biopolymers under various external conditions is of great
importance for industrial applications in food domain as well as in pharmaceutical field [1]. Their use as
protective edible barrier in food domain aims to prevent mass transfer of small molecules (water, solutes,
colouring agents, aroma compounds) between the foodstuff and the surrounding medium or between different
phases of a composite food product. Transport properties are closely linked to the polymeric network structure,
which constitutes the continuous phase of the barrier layer. The objective of this study was to determine the
translational diffusion coefficient of a small molecule inside a polymeric matrix with emphasis on the effect of
water and of interactions between the polymer and the diffusing substance.
Films were composed of an iota-carrageenan polymeric matrix (dried gelled carrageenan film in a solid state)
with a small amount of fluorescein (3 µM) [2]. Fluorescence recovery after photo bleaching (FRAP) analysis
was performed on this system equilibrated at different water activities from 0.11 to 0.98 [3]. Diffusion
coefficients ranging from 10-13 m2 s-1 up to 10-12 m2 s-1 have been measured in iota-carrageenan film, which
highlighted a water content threshold effect. Another interesting information obtained from FRAP experiments
on this system is the fraction of the diffusant which is immobilized in the carrageenan matrix. It varies from
60 % for the lowest water activity to a total release for the highest water activity. Therefore, only weak
interactions should be involved in the diffusant immobilisation by the matrix. Further investigations by high
resolution solid state Nuclear Magnetic Resonance (NMR) confirmed the existence of physico-chemical
interactions between fluorescein and iota-carrageenan. It is also possible that physical retention occurred, due to
steric hindrance, in combination with those interactions; both phenomena inducing a partial fluorescein
immobilisation in the matrix.
Working at a mesoscopic scale through FRAP analysis and at a molecular scale with high resolution solid state
NMR enabled us to obtain complementary information about the diffusion processes involved in the studied
system of carrageenan edible film under specific relative humidity conditions.
References:
[1] F. Debeaufort, A. Voilley, S. Guilbert “Procédés de stabilisation des produits alimentaires par les films
barrière” In: M. Le Meste, D. Lorient, D. Simatos (eds.) “L’eau dans les aliments” Tec & Doc, Lavoisier,
Paris, 2002, 549-591
[2] T. Karbowiak, F. Debeaufort, D. Champion, A. Voilley “Wetting properties at the surface of iotacarrageenan-based edible films” J. Colloid Interf. Sci. 294, 2006, 400-410
[3] J. Davoust, D.F. Devaux, L. Leger “Fringe pattern photobleaching, a new method for the measurement of
transport coefficients of biological macromolecules” EMBO J. 1(10), 1982, 1233-1238
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Edible moisture barriers:
Promises and limits in intermediary ready-to-eat composite food products
Claire Bourlieu1*, Valérie Guillard2, H. Powell3, Baltasar Vallès-Pàmies4, Stéphane Guilbert1,
Nathalie Gontard2
1

Joint Research Unit Agropolymers, Engineering & Emerging Technologies, ENSAM-INRA, France

2

Joint Research Unit Agropolymers, Engineering & Emerging Technologies, University of Montpellier II,
France
3

Science Group, Nestlé Product Technology Centre York (NESTEC York Ltd.), United Kingdom
4

Food Macromolecules, Nestlé Research Center, Switzerland
*claire.bourlieu@univ-montp2.fr

Keywords:
moisture transfer, edible films, modelling, composite food
The sensorial properties and contrasted texture of composite food products strongly depends on the hydration
state of their components presenting distinct water activity. Water migration, occurring during storage between
the product constituents, results in damaged organoleptic properties and reduced shelf life. To prevent such
transfer, lipid-based edible films can be used. Their efficiency can be assessed thanks to predictive models and
will depend mainly on their polarity and mechanical properties. Among the hydrophobic edible film components
waxes, based on long-chain fatty acids and fatty alcohols are considered as the most effective. Acetyl-acylglycerols and cocoa butter-based coatings such as chocolate are also widely used: the first, for their noticeable
flexibility in their most common polymorphic form (α-form very stable at room temperature); the second for
their good sensorial properties which enable using thick perceptible coatings that will both resist moisture
migration and increase the commercial value of the product.
The performances of four commercial lipid-based self-supported moisture barrier films of these kinds (white
beeswax, a blend of beeswax and acetoglycerides: Wax/ACETEM, milk chocolate and aceto-monopalmitine:
AMP) were determined in a model food product associating a dry cereal-based component (aW = 0.11, 20 °C) to
an intermediary glucose-fructose agar gel (aW = 0.75). A predictive Fickian model, using the model food
component isotherms and moisture sorption effective diffusivities as input data, was successfully used to fit the
data. The model food component water transport characteristics were mainly identified from sorption
experiments using a Dynamic Vapour Sorption balance and moisture migration experiments.
The use of barrier films enabled a significant extension in time of the acceptability of the product: the critical
water activity of 0.4 (20 °C) in the dry component was reached in less than 2 h in the control system whereas the
addition of a self-supported barrier film (≈ 300 µm) increased the shelf-life to a range between 45 to 320 h
depending on the barrier material. As expected the thickness of the film was critical for its barrier performance.
However, limitations in the addition of the hydrophobic components such as their sensorial properties, the legal
limit of incorporation of these additives as well as their nutritional composition can limit their use. Modelling
could facilitate the design of innovative nutritionally acceptable food products by predicting the efficiency of
lipid-based barrier of specific thickness and composition in various food products.
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On-line NIR measurement special aspects in application
Harmut Federle
University of Furtwangen, Faculty of Product Engineering, 78120 Furtwangen, Germany
federle@fh-furtwangen.de
Keywords:
NIR, moisture, food, monitoring, on-line measurements, gauge design
Today NIR technology is often used for on-line moisture measurement in food. The importance for on-line
monitoring and integrating the signal in a closed loop control has been recognized by the users. Many customers
have realized the necessity of on-line measuring systems since process control by sampling from the production
line then analysing them in the laboratory is too time consuming and leads to reduced process efficiency.
In a factory, there are different groups of people, which have interests in the monitoring of process parameters.
These groups are the departments of production, quality, process development and service. They have naturally
different objectives according to their tasks. These targets are reliability, accuracy, robustness, easy handling,
and low cost of ownership. High sensitivity to the measured parameter is expected but low sensitivity to all
influence parameters like cross sensitivity, temperature drift, pass height changes and stability of the reading etc.
Beside the gauge design, other requirements are of equal importance like the application i.e. how the product is
presented to the gauge and the signal integration for process control. To measure in tubes or falling ducts special
sample probes have to be used to guarantee precise and reliable results. Very often in food applications an online moisture gauge is used to control a dryer. There are different kinds of dryers in use according to the product
requirements e.g. rotary, belt, fluidised bed or microwave dryers.
The integration of on-line product measurement into a closed loop control brings the real benefit in production.
The gauge and machine suppliers have to satisfy this demand. This means gauge and machine supplier have to
work together to optimise the system with respect to customer needs.
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Online monitoring of water during reference material production by AOTF-NIR
spectrometry
Håkan Emteborg, Vikram Kestens, Alexander Bernreuther
EC-DG JRC-Institute for Reference Materials and Measurements (IRMM), Reference Materials Unit,
Retieseweg 111, 2440 Geel, Belgium
*hakan.emteborg@cec.eu.int
Keywords:
reference materials, reference material processing, water, AOTF-NIR, Karl Fischer titration, MSC, PLS
Reference materials can be made from a wide variety of matrices. Water removal is an excellent way of
achieving increased matrix stability and hence analyte stability.
High-speed acousto-optical tunable filter near-infrared spectrometry (AOTF-NIR) has been implemented for
measurement of water content in powder matrix reference materials. Many thousands of spectra have been
collected between 1300 to 2100 nm with a 2 nm increment for meat, rye grass and potato powder contained in
amber glass vials. The AOTF-NIR instrument was placed in a capping machine, which provided a suitable
measurement frequency of 10 vials/min with a trigger signal for reproducible collection of spectra.
The calibrants comprised of 19 meat powder samples equilibrated with different hygrostatic solutions to achieve
different water concentrations. Mixtures of powders with different water content were also prepared in order to
achieve a calibration range from 0.5 to 8 % water (m/m). All calibration samples were measured by volumetric
Karl Fischer titration (V-KFT) accredited under ISO 17025 in the RM Unit Water Lab. The calibrants were then
measured by AOTF-NIR together with the samples. For the meat, rye grass and potatoes multiplicative scatter
correction MSC was applied to the absorbance spectra in order to correct for the scattering of the light in the
different powders. A partial least squares regression model (PLS) based on two principal components was
created and used for prediction of water content in the samples.
The AOTF-NIR clearly has the potential of monitoring a large number of samples with good accuracy. It is
necessary to expand the number of calibration models for different materials and vial sizes as it turns out that
MSC cannot entirely correct for the influence of scattering due to the different materials and vial sizes.
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Real-time mapping of moisture migration in multicomponent food systems by means of
MRI+
Władisław P. Weglarz*, John P.M. van Duynhoven
Unilever Food and Health Research Institute, Unilever R&D, Vlaardingen, The Netherlands
*on leave from the Institute of Nuclear Physics, Krakow, Poland

*wladyslaw.weglarz@unilever.com
Keywords:
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Moisture migration between components with different water activity is a very important issue for preserving
food quality during storage and/or preparation. Magnetic Resonance Imaging (MRI) is ideally suited for noninvasive imaging of water, and has found broad range of applications in different areas, recently also in food
science. Appropriate choice of the MRI measuring method and its parameterisation allow to visualise slow as
well as fast migration processes and recognise different transport mechanisms.
The aim of this work was to monitor redistribution of water fractions with different mobility in model and
prototype food systems, comprising phases with contrasting water activity (aW), using MRI techniques adopted
to migration rate. To accomplish this task, SPI (Single Point Imaging) and RARE measuring methods were used
to monitor water redistribution in cracker shells with moist filling and soup inclusions in water, respectively. In
the first case, slow migration was monitored during 2 months with 10 days time resolution, while in the second
case of fast migration, which typically last some tens of minutes, time resolution was 3.5 min or better. 3D
images with sub-millimetre resolution visualise time dependence of spatial redistribution of moisture during
migration and allow to quantify its pace and extent of matrix swelling.
In order to understand better the role of different transport mechanisms, the model system composed of a highly
hydrated gel phase (aW > 0.9) in contact with an initially reasonably dry (aW = ~ 0.3), cereal based solid matrix
with 3 different porosities were monitored during 3 days. To properly assess the time dependence of spatial
distribution of water ingress, the SPI technique was used, which allows to visualise low and high hydration
regimes. Swelling of the carbohydrate matrix as well as progress of migration through the gas phase were
visualised and quantified.
The obtained results demonstrate the potential of MRI for monitoring migration of moisture into a porous matrix
with resolution of the different mobility regimes. The measured migration rates through samples of different
porosity can be used for validating models for prediction of water redistribution in multiple phase systems in a
quantitative manner.
Acknowledgments:
Supported by European Community within the framework of Marie Curie Intra-European Fellowship (MEIFCT-2004-009475).
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Simultaneous determination of fat and water content by TD-NMR
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Time-domain nuclear magnetic resonance (TD-NMR) has been used for the determination of the solid fat
content in many products. However, these methods for fat or moisture determination are restricted to samples
with relatively low free water content (< 12 %).
Often, fresh food contains a rather large amount of water. By using the classic TD-NMR method, only single
relaxation times such as T1 or T2 are measured; but until now this was not sufficient for characterising sample
properties, as the differences in relaxation times of oils, fats and free water are relatively small.
In the present work, simultaneous determination of fat and water content by means of TD-NMR spectroscopy
was introduced by the example of caramel mass. Therefore, a new TD-NMR method using combined relaxation
analysis was implemented, where magnetisation at a certain time point is determined by both T1 and T2,
depending on each other. For data processing, a statistical chemometric method was employed to establish
correlation with the results of the reference methods for fat and water content. For creating a calibration curve of
reference values in correlation with TD-NMR measurements, the fat content was determined by Soxhlet
extraction and the water content was obtained by Karl Fischer titration, where, for better dissolution of the
sample, formamide was added to the working medium.
In the production process of caramel mass, it would be desirable to determine the contents of water and fat in one
single analytical step.
The TD-NMR spectroscopy represents an alternative method, which does not demand toxic chemicals and is
much less time-consuming than the reference methods.
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Apart from the numerous functionalities and properties of water in foods being intensively discussed during this
actual workshop and the preceding ones, water is particularly interesting as a food itself. It is even often regarded
as the most important foodstuff at all and it is the basic solvent for liquid foods and drinks.
Anton Paar produces a number of measuring instruments for the analysis of liquids in general and liquid foods
and drinks in particular based on a variety of measuring principles. For calibrating these instruments a reference
liquid has to be employed, which is available everywhere and easy to standardise – water.
In this lecture, the measuring principles of instruments for the concentration determination of sugar, extract,
alcohol and carbon dioxide are presented and it is pointed out which important service water is doing for it.
The solubility of carbon dioxide in liquid foods and drinks varies with their composition. Each composite
influences the real solubility of CO2. The beverage carbonation meters refer to pure water for calibration
purposes.
Density, sound velocity and the refractive index are widely used for quality assurance of liquid foods and drinks.
Accurate and fast instruments serve as working horses for the check of sum parameters, for example sugar
content, or concentration determination, for example the concentration of salt in brine. For all three measuring
parameters, pure water is the most common calibrant. Its physical properties are published in official tables
everybody may refer to.
And for sure, pure water is the calibrant of choice for the zero point in the concentration determination of alcohol
in beer, wine and spirits.
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The moisture content is certainly the most critical quality parameter for food, as it governs the stability during
storage, transport and its entire shelf life. Often relatively small differences can alter the product performance or
lead to the deterioration of taste or physical aspect. Moisture content is also important for economical reasons
and highly regulated by the authorities. Therefore, a large number of national and international methods are
available to determine the moisture content. Food products are most often sold at lower moisture levels due to
the required physical functionality. This requires good industrial production facilities combined with performing
analytical capabilities. Collaborative tests are one approach to maintain and improve analytical test results in an
industrial environment. This presentation will therefore illustrate how collaborative tests were used to improve
the analytical methodology and the laboratory performance. These tests were performed by a significant number
of laboratories using industrially produced samples. This allows to test under live conditions and avoids the use
of artificial test samples. Sample handling is an important step of the analysis and needs to be included in the
assessment. For some products we are using different methods, which allows us to make some interesting
conclusions on the selectivity, precision and accuracy of the methods. Also influences from the product will be
illustrated.
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The Karl Fischer titration is a method to determine the water content in different matrices based on a selective
reaction of water with methanol, iodine, sulphur dioxide and a base Z (mostly imidazole):
+

-

-

ROH + SO2 + H2O + I2 + 3 Z → 3 ZH + ROSO3 + 2 I

Low water contents from approx. 0.001 % to 1 % can be detected by coulometric Karl Fischer titration; here the
required iodine is generated electrochemically in the titration vessel. Higher water contents from approx. 1 % up
to 100 % can be determined by volumetric Karl Fischer titration, where an iodine solution serves as titrating
solution.
In the field of food analysis, rapid measurements and therefore rapidly available results are generally of great
importance. Using the Karl Fischer method enhances this rapidity in comparison to the application of traditional
drying methods, which are much more time consuming. In addition, they are in many cases inaccurate due to the
fact that drying techniques measure only a mass loss caused by all material volatile under the conditions applied.
They do not distinguish between water and other compounds.
Standard Karl Fischer methods using commercially available water standards and solvents were designed with
an automated system for Karl Fischer titration, both volumetric and coulometric. Automation gives the
opportunity to deal with more samples in less time; automated sequences can include different methods for the
water equivalent of the titrating solution, for blank values and for different samples. Moreover, automation can
improve reproducibility and accuracy.
Complete solution of the sample or at least establishing a suspension or emulsion as homogeneous as possible is
a very important premise for Karl Fischer measurements, as the samples are taken out of sealed glass vials
through a transfer tube and delivered into the titration vessel automatically.
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Influence of water on flavour release
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Flavour release is considerably affected by water present in the food matrix. Release of volatile flavour
compounds is also largely determined by oral physiological factors such as mastication and salivation. Flavour
release mechanisms can be divided in two parts: a thermodynamic and a kinetic part. Thermodynamics
determine the final concentrations under equilibrium conditions. However, kinetics determine the rate at which
this equilibrium concentration is achieved. Water in saliva influences the thermodynamic aspects of the release
of volatile compounds during eating, but it affects dynamic aspects as well, for instance through its effect on
mastication. Release of volatile compounds determines eventually the organoleptic properties of a food.
The present paper will show examples of the influence of the water content in food products on the
thermodynamics and dynamics of flavour release. The release of reference compounds from manufactured
products varying in water content was examined under equilibrium conditions by static headspace gas
chromatography and under dynamic conditions by proton transfer reaction mass spectrometry. Furthermore, the
influence of saliva on the release of flavour from a liquid and a solid food was examined and demonstrated the
importance of saliva water during food consumption. Finally, measurements on the influence of watery mucous
in the nasal cavity on volatile concentrations in the breath of consumers during consumption of a semi-solid food
were carried out. Flavour concentrations were measured at various positions in the nose using proton transfer
reaction mass spectrometry. Data indicated a significant impact of watery mucous on flavour concentrations in
the nasal cavity.
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Determination of moisture in sugar with the microwave resonance method
Edgar Pilz*, Paul Rath
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The measurement of the absolute moisture content of white sugar in the laboratory is complicated. The reason is
the very low content of absolute moisture less than 1 %. Reference measurements with the known usual methods
are slow. The advantages of the microwave resonance method are the very fast and accurate measurement and
the independence of density, colour and surface structure. Hence, the method works non-destructive and includes
the determination of the core moisture. Solutions for process control and laboratory are available. The
determination of the core moisture is possible without further grinding or milling.
The method uses the dipole character of the small water molecules. The microwave resonance field of a special
sensor interacts with the water that is contained by the sugar. The interaction leads to a shift of the resonance
frequency and an increasing of the bandwidth of the resonance peak. The influence of big temperature changes
can be compensated. Due to the high speed and the accuracy of the measurement they are very convenient for
the different possibilities of moisture determination in sugar.
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The freeze-drying process has been a method of food preservation for a very long time. Remember the so-called
“Arctic Cathedrals” at the Norwegian coastline where the fish caught in the ocean was put on scaffolds in order
to dry by cold air containing very low humidity.
Nowadays the freeze-drying process is also used
when it comes to novel food. This novel food is
preserved for an extended period of time with
the help of the very delicate drying process.
The process is been supported by the close
consideration of important parameters, i.e. the
thermodynamic operations during freeze drying
and the mass transfer with the respective
technical limits
Advantageous for the application at novel foods
is the transformation of classical freeze-drying
into biotechnological applications. The so-called
operation with “large molecules” is putting some
special requirements onto the process, i.e. the
use of special additives in order to preserve and
protect the substance to be dried.
An extended field of applications using freezedrying was done for example for the milk
industry, respective to the material in use to
refine milk products.
In order to improve this process further a range
of methods and instruments were designed and
put into operation.
Very important is also the determination of the
remaining humidity of the freeze-dried product,
including the exposure of the substance after the
process is finished to a certain gas atmosphere.
At very special conditions apparatus were
developed to move material into and from the
freeze-dryer using barrier systems to ensure no
contact with surrounding environment.
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The control of water in meat especially poultry meat
Action of the European Commission
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In 2001 and 2003, the Irish and United Kingdom food safety authorities, in the course of their inspections of
fresh poultry meat (primarily, products marketed as “chicken fillets” intended for the catering industry), detected
the presence of water and of water retention agents in the meat. In some cases, the added water constituted more
than 40 % of the end product. Further checks by the Irish and United Kingdom authorities in 2003 revealed that
these practices were still going on. The water retention agents used included hydrolysed proteins from pigs,
poultry or cattle, caseins (milk proteins), plant proteins, salt, etc. These water retention agents and the added
water had been introduced into the meat by various techniques, including injection and tumbling.
The Irish and United Kingdom authorities noted various breaches of food labelling legislation [1], including
products being sold under an incorrect name, the percentage of meat being overstated, and statements indicating
that products labelled “poultry” had no added ingredients while they in fact contained pig protein. In the
Netherlands, the Dutch authorities took formal enforcement action against five companies processing chicken
products in the Dutch territory.
Moreover, the presence in these products of proteins other than poultry proteins, i.e. from other types of meat,
from milk or from plant products, and the absence of any mention of this on the labelling, is a fraudulent
practice, which in addition to deceiving the consumer, could also be a health hazard, particularly for people who
have allergies.
There are also ethical issues, which should not be overlooked. The Commission published this working paper in
order to clarify and draw attention to the Community legislation in force regarding the use of water retention
agents in poultry meat. The fact is that this practice of adding water and water retention agents to poultry meat is
fraudulent on several levels. In particular:
– it contravenes the provisions of Article 5 of Directive 71/118/EEC [2] on health problems affecting trade in
fresh poultry meat, which prohibits the addition of water to poultry meat at any stage of the food chain;
– it enables the weight of the end product to be artificially increased through the addition of water and water
retention agents and thus misleads the consumer since it results in products being put on the market with the
appearance of fresh meat (see Annex), in contravention of Directives 77/99/EEC [3] and 94/65/EEC [4]
relating, respectively, to meat products and meat preparations.
– it involves the placing on the market of products which breach the food labelling legislation.
In view of the persistence of these practices, the Commission considered it necessary to draw attention to the
relevant provisions of the legislation in force. The Commission notes that the ban on the use of water retention
agents for the purpose of adding water to poultry meat is apparently not being fully respected by all operators
concerned.
It therefore calls on Member States to step up their checks relating to these practices so as to ensure effective
compliance with this ban in respect of all fresh poultry meat, including poultry meat intended for the production
of preparations or processed products. The Commission has also asked the Food and Veterinary Office of the
Directorate-General for Health and Consumer Protection to carry out inspections in the Member States in 2004
in order to investigate this banned practice.
References:
[1] Dir. 2000/13/EC, OJ L109 (06/05/00), on the approx. of the laws of the Member States relating to the labelling, presentation and advertising of foodstuffs, as last amended by Dir. 2003/89/EC, OJ L308 (25/11/03)
[2] OJ L055 (08/03/71), as last amended by Council Reg. (EC) 807/2003 (14/04/03), OJ L122 (16/05/03)
[3] OJ L26 (31/01/77), as last amended by Council Reg. (EC) 807/2003 (14/04/03), OJ L122 (16/05/03)
[4] OJ L368 (31/12/94), as last amended by Council Reg. (EC) 806/2003 (14/04/03), OJ L122 (16/05/03)
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In the 1960’es and in the first half of the 70’es most of the industrial produced broilers were chilled in water
tanks before freezing. In the traditional chillers the water carried the carcasses through the tank, which led to a
large variety in respect of the time of immersion and thereby a large variety in water uptake. From 1976 only
spin chillers with a counter flow system were allowed in the European Community. In spin chillers with counter
flow systems the birds are carried by a screw and the rotation determines the time of immersion. Even with a
counter flow system the possibility of large water uptake during the chilling process is present.
In the early 70’es the Commission of the European Community organized a collaborative study in order to
establish a control method for added water in broilers. The results of the study were introduced in Council
Regulation (EEC) 2967/76 laying down common standards for the water content of frozen and deep-frozen
chickens, hens and cocks.
During the 1980’es and 90’es the production of poultry parts were steadily increasing in the European
Community and the need for common standards for water content in chicken parts became evident. The
European Reference Laboratory “Het Spelderholt” in Holland organized a study on water content in poultry parts
with the participation of laboratories from 6 member states. This study formed the basis of the common
standards for water in poultry parts in Commission Regulation (EEC) 1538/91 in 2000.
In both studies a good correlation between protein content and physiological water content were found. On the
basis of physiological water and protein a maximum value for total water content was calculated. For immersion
chilling the limit for whole birds includes a technically unavoidable water uptake of 7 %, and for cuts the limit
includes a technically unavoidable water uptake of 6 %.
The competent authorities in the member states analyse test samples for water and protein. The analytical
methods are traditional ISO-methods, which are well known for most laboratories. The critical point of the
analysis is the sample preparation. The laboratory must be equipped with a band saw and a heavy-duty mincing
machine to prepare representative homogenous samples from frozen and deep-frozen chickens and chicken parts
with bone.
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Although there is a technological justification for some added water to chicken breast to improve palatability,
processors went far beyond this in order to increase their profits in a very competitive market. The Food
Standards Agency began its investigations as part of its authenticity survey programme in 2000. A survey of
extraneous water in poultrymeat revealed some chicken breast samples with levels of added water over 30 %.
This was followed by another survey in 2001. It specifically targeted frozen chicken breast being sold at
wholesale, mainly to the catering sector, which revealed several mislabelling problems including the use of pork
hydrolysed collagen protein as a water retention agent in Halal chicken. A further co-ordinated enforcement
exercise only confirmed these problems, but also raised the profile of this practice in the media. One further
enforcement survey has taken place the UK in 2004, and a 2005 EC co-ordinated exercise will determine
whether improvements have been made in the UK market, and whether the problem is apparent in other Member
States.
As other ingredients have been added, the official methods of extraneous water determination in poultrymeat
cannot be used. Hydrolysed collagen proteins are determined by measuring the hydroxyproline content and water
content is determined from the moisture and nitrogen content using a predetermined nitrogen factor specifically
for chicken breast.
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Enhanced meat can be defined as fresh whole muscle meat that has been injected with water and dissolved
ingredients like salt, phosphates, anti-oxidants and flavourings. The consumer needs to be able to distinguish
enhanced meat from regular meat. In Western Europe the fish, poultry and most of the meat industry have a
short-term strategy for these types of products, i.e. high pump, low quality products. In the U.S., the concept of
enhanced meat is used for building brands and bringing a positive message to the consumers. This approach has
led to a large market share of enhanced meat. These different strategies lead to different characters between the
two types of enhanced meat. Major differences are in labelling of ingredients, percentage of added water,
cooking loss, flavour and shelf life.
For brand building, based on enhanced meat, an optimum needs to be offered in tenderness, juiciness and
flavour. Numerous studies have indicated consumer preferences for enhanced meat over non-enhanced meat. Out
of 250 chefs from the foodservice industry, 90 % indicated to make a choice in favour of enhanced pork, because
of higher scores for flavour and texture. A 2002 study of enhanced pork indicated that enhancement with water,
sodium phosphate and sodium lactate increased tenderness, juiciness and moisture retention. Similar findings
have been reported in several studies for beef.
Given the examples in North America, the Western European meat industry could improve. It is profitability by
using enhancement to fulfil the consumer’s expectations, instead of mainly focussing on increasing product
yield.
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With the aim to support the implementation of the European action plan for organic food and farming, IRMM
has started a feasible study on the authentication of organic food products. A farm comparison approach has
been selected and a weighty number of analytical methods are currently tested for their fit-for-purpose. Among
these methods, moisture content was determined in winter wheat grains, horse bean seeds, potato tubers and
carrot roots by freeze-drying (FD) and drying oven (DO) procedures. The reason why determining the moisture
content is linked to the fact that excessive fertilisation (possible with manure but more common with artificial
fertilisers) stimulates rapid growth that increases the yield of crops partly by simply swelling them with a higher
water content. Preliminary results obtained from samples collected in 2004 and 2005 will be presented and
discussed. In each field (i.e. organic and conventional), three parcels (10 m x 10 m) were delimited and each one
separated by ca. 10 m. For each sampling date, various plants were collected at five spots per parcel. At maturity,
the moisture content of winter wheat grains was 11 %, horse bean seeds (15 %), potato tubers (80 %) and carrot
roots (88 %). A significant difference (p ≤ 0.001) was only observed in case of winter wheat cv. “Cubus”
comparing seeds collected three weeks before the harvest date. When results were FD: 30.7 % ± 1.5 %; DO:
31.6 % ± 1.1 % for wheat organically grown, whereas results of FD: 33.9 % ± 1.0 %; DO: 34.6 % ± 0.9 % were
obtained for wheat conventionally grown. The influence of the growing season as well as the cultivar and the
physiological stage on the moisture content has been analysed. For instance, in 2004 horse bean cv. “Gloria” was
characterised by a heterogeneous seed maturity stage explaining the high coefficient of variation observed for the
organic seeds (31 %) and the conventional seeds (37 %). Finally, the two methods will be compared and their
advantages and limitations will be presented. In 2006 and 2007, samples from three environments per crop will
be analysed and the Karl Fischer titration will be used to determine the water content.
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When goods are sold, different laws, regulations, or simply traditions or consumer expectations may be relevant.
In the case of foods, this may affect components in the food. The content of certain components may even be
decisive for the price. If different methods to determine the content of this component exist in the countries
concerned, this may cause difficult discussions. The best solution to this situation is to agree, if possible
worldwide, on a common analytical method. This method, of course, should be generally accepted and should be
scientifically correct.
Here again, a difficult situation may arise. The vendor may have other interests than the buyer. This can cause
severe problems. Economic arguments may stand against scientific evidence. Such a situation is described.
Dairy powders are sold on the basis of dry matter. Water is often determined by drying techniques, which do not
distinguish between water and other volatile matter. On the other hand, strongly bound water may escape
detection. Such a drying technique has recently been adopted by the International Dairy Federation (IDF) and the
International Organization for Standardization (ISO) as reference method to determine moisture of dried milk.
Lactose, present in these products, can contain up to 5 % (by mass) water of crystallisation. This water is only
partially detected by the reference drying method. The results do not therefore represent the total water content,
nor the content of free water. When the lactose content is very high (like in lactose itself or in whey powders),
the mass loss by drying can be even lower than 50 % of the water content determined by the selective Karl
Fischer titration, which has been proposed as a reference method for water determination in dairy powders.
Producers of such products oppose, therefore, vehemently against the introduction of a method that is without
any doubt the better alternative. We observe the clash of scientific correctness with economic interests.
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Measurements based on the determination of stable isotope ratios have been adopted as official methods by
European Union (EU) Regulations, by the International Organisation of Vine and Wine (OIV) and by AOAC
(Association of Official Analytical Chemists) for the analysis of beverage commodities. The evapo-transpiration
taking place during the maturation period, causes enrichment in heavy isotopes of both oxygen and hydrogen
atoms of water of plants and fruits. The determinations of these isotope ratios are thus indicative of the
provenance of the water in derived fruit juice or wine products. The 18O/16O ratio of wine water measured using
Isotopic Ratio Mass Spectrometry (IRMS) put in force in 1997 [1, 2] allow the detection and quantification of
frauds such as watering of wine. This method needs the comparison of analytical data with those determined on
genuine products from same origin (e.g. reference data from the EU Wine Databank). The industry as well, has
adopted the analysis of 18O/16O and 2H/1H ratios of water for the assessment of fruit juices [3, 4]. In the past
years, both our laboratory and other research groups have studied the correlation between the 18O/16O ratios of
water and that of ethanol resulting from the fermentation of sugars from the corresponding fruit juices or must
(wine). This approach may help to improve the sensitivity for detection of added water, and/or for checking the
geographical origin of fruit juices and wines [5, 6].
References:
[1] EC Regulation 2676/90 determining Community methods for the analysis of wines – OJ L 272/64.
[2] EC Regulation 822/97, OJ L117/10.
[3] Comité Européen de Normalisation, Technical Commission 174 “Determination of the stable oxygen
isotope ratio (18O/16O) of water from fruit juices” CEN/TC174 No. 109, 1996
[4] Comité Européen de Normalisation, Technical Commission 174 ”Determination of the stable hydrogen
isotope ratio (2H/1H) of water from fruit juices” CEN/TC174 No. 110, 1996
[5] G. Calderone (2004) “Application des techniques isotopiques modernes pour la caractérisation de produits
alimentaires et de boissons” PhD Thesis, European Commission Index SPI nº 04.216, 2004
[6] E. Jamin, R.Guérin, M. Rétif, M. Lees, G.J. Martin “Improved detection of added water in orange juice by
simultaneous determination of the Oxygen-18/Oxygen-16 isotope ratios of water and ethanol derived from
sugars” J. Agric. Food Chem. 51, 2003, 5202-5206
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In a global market the control of geographical origin of food products is important for the consumers because
regional production locations are preferred or the origin of special production location is associated with a high
quality. Such products are often protected by special labels and sold at higher prices. This provides the potential
for fraud and product misrepresentation that may be physically or economical harmful to consumers or
producers.
Actual traceability systems are predominantly based on information given by the producer / processing company.
There is an increasing demand for independent analytical methods, which can control the geographical origin of
food. In some cases, especially isotope methods have been successfully applied (e.g. wine, asparagus, milk,
butter). The first investigations were done just by the analysis of isotope relations of oxygen-18 in the water of
food and later on to get a better identification of different origins multi-element isotopic investigation sometimes
in combination with normal chemical analyses have been used.
The applicability of the analytical method is based on the fact that regional climatic, bio-environmental and
geological conditions of a production location give a unique isotopic (18O, 2H, 13C, 15N, 34S, 87Sr) and elemental
fingerprint to an agricultural product.
The base for the evaluation of the origin is a database containing analytical results of authentic samples of
specific areas. This database has to be maintained and updated.
The costs for the installation of a sufficiently comprehending databank of authentic samples restricts up to now
the applicability of the method. Therefore, the EU project TRACE was started with the aim to develop a general
understanding of the relation of the geo-bio-climatic environment and the isotope and elemental signature in a
certain product. The ultimate goal is to make a prediction of the isotope and elemental range of values on the
basis of often available e.g. climatic geochemical geological or 18O-isotope precipitation maps.
Products of different grades of complexity as mineral water, wheat, honey, olive oil and lamb meat are
investigated.
The first results of the investigation of European mineral waters are promising and showing a link between the
climate and hydrogen and oxygen isotope composition, as well as the mineral content can be connected to
geology. First results of the 34S on sulphate and 87Sr give a link to geology.
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Freezing point determinations serve for the detection of extraneous water in milk. This is of considerable interest
to the dairy industry and its customers. The constituents in milk mainly responsible for the freezing point
depression are lactose and the dissolved salts. However, also factors such as breed, climate, feed and water
intake by cows may to some extent influence the freezing point of so-called authentic raw milk. EU legislation
delicately only puts freezing point demands to drinking milk. Council Regulation (EC) 2507/97 only prescribes
that it should be close to the average freezing point of the raw milk produced in the concerned area.
The analytical standard ISO 5764|IDF 108:2002 provides the description of the thermistor cryoscope reference
method for freezing point determinations in milk. The revision of the earlier version was undertaken to tackle its
shortcomings, i.e. insufficient instrument specification and its multi-interpretability on the measurement cut-off
point. IDF 5764|IDF 108:2002 also contains guidance on the maintenance of traceability with results produced
with other thermistor cryoscope methods and thus far produced data.
Calibration of cryoscopes is done with well-defined salt solutions. The application of milk-based reference
materials might contribute in safeguarding uniform measurements levels in laboratories, provided that the
dynamic properties of milk constituents in such materials can be properly accounted for.
The large majority of the freezing point values is nowadays estimated by the application of infrared spectrometry
in combination with the measurement of the conductivity. This alternative method offers excellent precision and
adequate accuracy. Where executed in conjunction with other infrared determinations, the high throughput rate
at relatively low cost does make it into a powerful tool for combating water adulteration. Where resulting data
are to be used for legislative purposes, a few aspects deserve careful consideration.
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This presentation describes two studies on the determination of the freezing point of milk that have been carried
out in the UK.
The initial study’s objectives were:
•

to determine the freezing point depression in raw milk samples from cow, goat, ewe and buffalo samples
representative of milk throughout England and Wales, and representative of winter feeding and summer
grazing;

•

to determine the freezing point depression in raw milk samples from cow, goat, ewe and buffalo samples
from tracking herds sampled regularly over a period from February to May;

•

to undertake analysis using a cryoscope modified to comply with the requirements of the (then) proposed
IDF Standard 108C and provide comparative data on a minimum of 50 samples analysed using the existing
standard IDF 108B.

The results, particularly with respect to point 3, were found to be variable.
A second study was then carried out to determine whether the reference method for the determination of the
freezing point of milk by cryoscope, as described in the 2002 ISO standard resulted in changes to the freezing
point scale as compared to the previous Standard published in 1991 by the International Dairy Federation. It was
found that there was little difference between the results obtained with either method.
The EU Regulation 2597/97 requirement that drinking milk must have a freezing point close to the average
freezing point of raw milk recorded in the area of origin of the drinking milk collected will also be commented
on.
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A physical chemical perspective of the influence of water on the physical state of
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In 1991 Roos and Karel introduced the concept of applying the glass transition curve for sugar on top of the
phase diagram of the sugar water mixture. Although an extremely useful tool which combine aW and Tg in one
graph, it use has been limited likely due to misunderstanding of the basic thermodynamics and kinetics. We will
present this concept for two glassy and one rubbery food, namely cotton candy, hardball candy and
marshmallows in terms of the change of water content as a function of surrounding humidity and/or temperature
and the change in physical state, i.e. an amorphous glass to/from an amorphous rubber state or to a crystalline
state. For example crystalline sucrose when melted and spun forms a dry amorphous glass (cotton candy) g
which upon humidification above the glass transition line enters the rubbery state, e.g. at 33 % RH at 23 °C. The
higher the humidity the faster the amorphous glass transforms into an amorphous rubber and allows for gravity
induced collapse and recrystallization. With a hard ball candy (mostly sucrose with maltodextrins), which is a
more dense glass, both temperature and humidity induce surface stickiness once above the Tg line. At high
enough temperature (55 to 65 °C) at all humidities the hard balls begin to flow under gravity (collapse) and if
confined in a can reform into a hockey puck shape when cooled down. Marshmallows on the other hand are a
protein (gelatin) sugar mixture which at the end of processing is in the desired soft rubbery state. Over time the
marshmallow hardens which suggests a recrystallization of sugar. However the protein dramatically slows
internal diffusion such that no crystallinity is observed and hardening is solely due to moisture loss because of
inadequate packaging, i.e. it moves across the Tg curve to become a glass. These three examples show that a
knowledge of the moisture humidity (aW) sorption isotherm and the Tg curve as a function of moisture can help
explain physical state changes which can be prevented thereby improving consumer quality.
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Water activity exerts a strong influence on agronomic, commercial and food performances of plant production,
including cereals. Since the observation and publication of Pliny the Elder, some 2,000 years ago about
variability effects of the wheat and water interaction on both bakery performance and bread quality, bakers
complain about the inconsistency of their raw materials and, for reasons of economy and cost-savings, they
permanently seek ways to improve wheat “strength”. However, their more recent demands for more
standardization in factories have perverse effects in agriculture, such as a drastic reduction of biodiversity in
plant breeding, cereal monovariety culture, a greater risk of harvest devastation by phytopathogens, higher
contaminations in mycotoxins, a bigger use of polluting pesticides and fungicides, etc. By combining techniques
of plant physiology, polymer physical chemistry, toxicology, biochemistry, genetics, pharmacology, nutrition
together with techniques of archaeology, economics and supply chain management, we have identified novel
parameters, which are both wheat- and consumer-specific and established the water activity map of wheat.
Among several properties, that map allows to highlight the importance of genotypic quality for agriculture and of
phenotypic quality for the food industry and the safety of foods.
This led us to test the value of these novel parameters based on water activity and toxicology in the real world of
agriculture, milling and baking, and to develop the wheat water activity map technology by using wheat
collected from all over the world trade. The “biscuits” and “breads” results show that these novel wheat-specific
parameters are predictive of bakery performances, of end-product properties as well as of consumer preferences.
These novel wheat-specific parameters have also been correlated to industrial and fast analytical methods such as
near-infra-red (all novels R2 > 0.90). New equations integrating these parameters taking into account wheat
natural variability far more efficiently than before have even been computerized and are now being used in
automated baking. Furthermore, results obtained with European wheat have been reproduced all around our
global world, for instance with Australian and North-American wheat. So far, about 6 million metric tons of
wheat, i.e. one percent of the total worldwide wheat production, are now being optimized using the wheat water
activity map technology.
Thus, whatever the season and the location, practical applications of the wheat water activity map technology
allow on the one hand millers and bakers to obtain the flexibility required for enhancing the safety and quality of
bakery products at lower costs than before, as expected by the consumers. Furthermore, on the other hand,
overcoming what appeared to be the gluten dogma, with the obsolescence of costful and inefficient traditional
instruments and specifications (R2 of the past < 0.70), it gives back to breeders and farmers the freedom they
need for relieving both the environment and consumers of polluting pesticides and fungicides and of undesirable
mycotoxins, while increasing wheat biodiversity in our fields and concentrating their efforts for consistent yield,
hence increasing both growers’ gross margins and the safety and quality of internationally traded wheat. All that
thank to water science and management applied at every step of the water-wheat-food-consumer supply chain.
References:
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Probiotics are defined as ‘live microorganisms which when administered in adequate numbers confer a health
benefit on the host’ (FAO/WHO, 2001). There is now substantial clinical evidence supporting the ingestion of
foods containing these beneficial microorganisms in the treatment/prevention of such disorders as
gastrointestinal infections and inflammatory bowel diseases. In order to develop efficacious probiotic products,
the stabilization of live bacteria in dried powder form can present a major bottleneck to the realization of their
commercial potential. We have investigated the use of a range of food-grade components to enhance probiotic
survival during and following the drying process. In particular, skimmed milk powder and various sugars were
used in the drying medium as a means of enhancing probiotic survival of Lactobacillus rhamnosus GG during
freeze-drying and spray drying and effects on survival monitored during drying. Furthermore, the effects of these
additives were measured during storage at five different water vapor pressure (RVP) (0 %, 11 %, 33 %, 44 %,
76 %) environments at room temperature. Glass transition of the model systems were measured by DSC. The
results demonstrated protective effects associated with some of the additives, particularly the use of disaccharide
combinations. Crystallization of the sugar was observed to be a detrimental factor affecting the survival of
Lactobacillus during storage at high RVP. Highest cell survival was observed at 11 % RVP compared with 0 %
RVP and 33 %RVP when skimmed milk powder was used. With respect to spray drying, we demonstrated that
increased expression of the heat chaperone proteins GroESL in a probiotic strain resulted in up to five-fold
increases in spray drying survival. Overall, these studies demonstrate that a number of environmental and cell
physiology-based approaches can be useful for optimizing viability during drying of probiotic strains.
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Effect of moisture and water activity on textural properties of toasted food products
Paola Pittia*, Giampiero Sacchetti
Dipartimento di Scienze degli Alimenti, Università di Teramo, Via C.R. Lerici 1,
64023 Mosciano S.Angelo (TE), Italy
*ppittia@unite.it
Keywords:
water activity, moisture, textural properties, roasting, toasted food products
Roasting is a intense heat treatment in which temperatures up to 200 – 250 °C could be applied, mainly used in
the processing of grains and seeds (i.e. cereals and coffee beans) as well as cereal foods (i.e. breakfast cereals).
Chemical reactions and physical phenomena induced by the severe heating conditions determine marked changes
in the chemico-physical and structural properties of the raw food, which, in turn affect the sensorial and textural
characteristics of the roasted product.
The modification of chemical composition due to non-enzymatic browning and pyrolysis, chemico-physical
changes (i.e. starch gelatinization or protein denaturation) as well as physical phenomena (water vaporization)
could be implied in the determination of the peculiar brittle and highly porous structure of the roasted product.
On the other hand, low moisture content and these microstructural characteristics make the toasted matrices
highly hygroscopic so that they readily take up moisture during storage in the atmospheric environment or upon
soaking.
In coffee beans, changes of some textural properties with increasing hydration evidenced that water acts as
antiplasticiser until a critical aW (aWc) value, different for raw and roasted beans, is reached. In fact, in the aW
range of 0 to 0.75 and 0 to 0.85 (respectively for raw and roasted coffee) an increase in strength and toughness of
the beans occurred. Above these aW values, that could be considered critical from the structural and mechanical
properties point of view, water acts as plasticiser and an increase of its content determined a progressive
softening of the bean matrix shown by the loss of the characteristic brittleness described by the jaggedness in the
force-deformation curve.
The aWc value above which the matrix plasticization could take place, was calculated by modelling the
compressive modulus as a function of aW using the Fermi’s distribution function. In all cases, the matrix
plasticization occurred at aW values above those corresponding to the upward concavity of the sorption isotherm
where water is almost bulk and still partially freezable.
Similar trend in the textural parameters of toasted cereal products, such as breakfast cereals, due to water
sorption occurred, and this behaviour is evidenced also upon their soaking in milk for consumption purposes.
Even if milk uptake induces a decrease of hardness and breaking energy, the compression modulus of breakfast
cereals increased at short soaking time and further decreased with increasing soaking time. The antiplasticiser
effect of water is much more evident in frosted products than in non-frosted ones due to the depleting effect of
sugars on water activity.
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Physical state of amorphous carbohydrates affects their stability during storage. When amorphous carbohydrates
are stored at temperatures, which are higher than their glass transition temperature, various changes, such as
crystallization, may occur. The rate of such changes increases with increasing temperature difference between
storage temperature and glass transition temperature. The aim of the present study was to examine the effect of
temperature on water sorption behaviour and crystallization kinetics of amorphous sucrose. Amorphous sucrose
was produced using freeze-drying. Water sorption behaviour of freeze-dried sucrose was determined
gravimetrically at various temperatures ranging from 15 to 35 °C using samples, which were stored in vacuum
desiccators over various saturated salt solutions. Glass transition temperatures of freeze-dried sucrose at the same
water contents were determined using differential scanning calorimeter (DSC). Crystallization of amorphous
sucrose was followed both gravimetrically and using X-ray diffractometry. Slight differences were observed in
water sorption behaviour of freeze-dried sucrose stored over the same saturated salt solution at various
temperatures. Water plasticization of freeze-dried sucrose could be modelled using the Gordon-Taylor equation,
and the value of 4.5 was obtained for constant k. Amorphous state of freeze-dried sucrose was confirmed prior to
crystallization study using X-ray diffractometry. The rate of crystallization was found to increase with increasing
storage temperature and water plasticization of amorphous sucrose. Knowledge of the effects of temperature and
water content on changes occurring in amorphous carbohydrates is important in selection of proper processing
and storage conditions in order to maintain desired properties of food products containing amorphous
carbohydrates.
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Determination of the experimental effective moisture diffusivity of food products of
varying moisture sorption properties
Elisabeth Roca1*, Bertrand Broyart2, Valérie Guillard1, Stéphane Guilbert3, Nathalie Gontard1
1

Joint Research Unit Agropolymers Engineering and Emerging Technologies, University of Montpellier II,
C.C. 023, place Eugène Bataillon, 34095 Montpellier Cedex 5, France
2

Joint Research Unit Genial, CEMAGREF-ENSIA-INAPG-INRA,
1 avenue des Olympiades, 91744 Massy Cedex, France

3

Joint Research Unit Agropolymers Engineering and Emerging Technologies, ENSAM-INRA,
2 place Pierre Viala, 34060 Montpellier Cedex 1, France
*roca@univ-montp2.fr

Keywords:
effective moisture diffusivity, moisture sorption isotherm, shrinkage, external mass transfer
Moisture migration in food products is quite difficult to characterize since there is no standard method for the
determination of the effective moisture diffusivity (Deff). A mathematical treatment of experimental moisture
migration data is required, based on Fick’s second law. This equation can be solved analytically if several
simplifying assumptions are verified as for example mono directional transfer, specific geometry, constant Deff
and mainly internal transfer. Nevertheless, in several experimental designs, more complex assumptions must be
taken into account like varying Deff with the moisture content or the temperature, the shrinkage or swelling of the
samples or the importance of an external mass transfer resistance. Moisture sorption experiments of various food
products were performed using a controlled atmosphere microbalance with a dynamic automated sorption
method (DVS equipment, Surface Measurement System Ltd, United Kingdom). These products varied according
to their ability of deformation with moisture migration and their moisture sorption equilibrium properties
(hydrophobic / hydrophilic material at high water activity). The Deff were identified and compared using two
mathematical resolution of Fick’s second law: either an analytical solution, with simplifying hypotheses or a
numerical solution taking into account a deformation of the solid matrix (Lagrangian coordinates related to the
dry matter) or/and the presence of an external mass transfer coefficient.
For the porous materials (i.e. sponge cake) or hydrophobic materials (i.e. lipid edible layer), the deformation
remained lower than 10 %. Therefore, no significant difference was found between the two diffusivities values,
identified either by an analytical solution or by the numerical solution taking into account the product
deformation. An important shrinkage of the processed cheese sample was observed (thickness decreased by a
70 %), leading to significant differences of the identified Deff values with the two methods. Indeed, as the
thickness of the material was continuously over estimated in the case of the analytical solution, the identified
values of the Deff was higher.

Moisture content

By taking into account an external mass coefficient, no significant difference was observed on the identified
values of Deff for the hydrophobic materials, contrary to the hydrophilic materials (increased of the Deff values by
60 to 180 %). These results were related to the initial assumptions of the analytical and numerical solutions and
to the equilibrium moisture sorption properties of the food products. In the case of the analytical solution, the
water activity at the interface with the atmosphere was supposed to be reached instantaneously, whereas it was
constantly evaluated in the case of the numerical solution. As a consequence of the particular shape of the
moisture sorption isotherm of hydrophilic material, few differences of the estimation of the water activity at the
interface leaded to important differences of the moisture contents as it can be seen in Figure 1. Therefore, the
analytical solution was not acceptable anymore for the determination of the Deff.
Hydrophilic material

Figure 1:
Moisture sorption isotherms of hydrophilic
and hydrophobic materials

Hydrophobic material
Water activity
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The caking of powders is a major economic and technical problem for the food industry. In order to fully
understand these issues, water sorption measurements have often been carried out. Traditionally, these have been
made with a range of saturated salt solutions and periodic weighing. These measurements are slow, typically
taking 100 days to complete, suffer from operator variability and miss rapid changes in the physical state of the
powder. Automated gravimetric techniques like dynamic vapour sorption (DVS) permit the rapid measurement
of water sorption isotherms in as little as one day. A further ten-fold increase is now available by using parallel
DVS high-throughput analysis on ten samples. In this study, commercial spray-dried lactose was obtained and
subjected to a series of relative humidity steps (0 % RH, 20 % RH, 40 % RH, 60 % RH and 80 % RH) at 25 °C.
In the DVS instrument, the sample is weighed every minute so any changes in the state of the sample can be
easily seen. During the 60 % RH step, the weight drops dramatically which is caused by recrystallisation of the
lactose. This contains less water than the spray-dried material, which is shown by a change in mass. This weight
change depends on the amorphous content – different physical mixtures of amorphous and crystalline lactose
show different percent changes in mass during recrystallisation. This sometimes has a dramatic impact on the
nature of the powder – it can move from free-flowing to caked during this transition. The DVS can be fitted with
a video microscope so high quality images can be taken of the state of the powder. It was shown the lactose
moved rapidly from free-flowing to caked. In this way, the water sorption measurements can be speeded up by a
factor of 1000 compared to the traditional saturated salt measurements.

Humidity = 29.1 % RH

Humidity = 59.0 % RH

Figure 1: Video DVS photos of lactose at 25 °C
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The Hofmeister series originates from the ranking of various ions toward their ability to precipitate a mixture of
hen egg white proteins. The effect of ions has been successfully approximated by the capability to destroy the
natural hydrogen bonded network of water, having effects similar to temperature or pressure. Ions that exhibit
weaker interactions with water than water itself are known as structure-breakers or “chaotropes”, whereas ions
having the opposite effect are known as structure-makers or “kosmotropes” (exhibiting strong interactions with
water molecules). An alternative term used for kosmotrope is “compensatory solute” as they have been found to
compensate for the deleterious effects of high salt contents, which destroy the natural hydrogen bonded network
of water in osmotically stressed cells. Again, behaviour as a kosmotrope in one system does not mean that a
solute may behave as a “compensatory solute” in another or even that it will stabilise the structuring of water in a
third. Both, the extent and strength of hydrogen bonding may be changed independently by the solute. But either
of these may be and have been used as measures of order making.
In this work, we determined the effects of structure-breakers and structure-makers on enzymes to study the role
of water in stabilisation processes as a function of solutes and to point out the fundamental role played by an
enhancement of hydrophobic interactions. The investigation has been carried out by using different techniques,
such as neutron spectroscopy, UV-VIS spectroscopy, activity and thermal measurements.
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Gravimetric vapour sorption (GVS) provides the means for simultaneous determination of the isothermal
concentration of water vapour and the chemical diffusion coefficient given a defined sample geometry. The
present study determines both properties for two polymer-packaging films one of which has undergone treatment
to reduce the transmission rate of water. The microscopic (self-) diffusion coefficient is also calculated from
these results to show the effect of the treatment on water mobility and to assess how this varies as a function of
water content. All measurements were carried out using a standard Mk IV IGASorp, (Hiden Isochema Ltd,
Warrington, UK).
The combined measurements provide a clear picture of the overall behaviour and the change in behaviour with
water concentration. Typical characterisation is by the moisture vapour transmission rate (MVTR), but this
cannot independently assess the separate contributions of equilibrium water content and mobility which are the
fundamental physical properties governing transmission. In the present study, the treated material shows a low
transmission at low water content (i.e. a significant difference in behaviour when exposed below ~ 50 % RH) but
the transmission increases significantly at higher water contents. A further study is in progress to assess the
temperature dependence of these systems in order to investigate the concentration dependence of activation
energy.
This type of study can also be extended to study water mobility in foods to provide fundamental information
about the mechanisms controlling the transmission of water through food materials.
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Purpose:
The presence of amorphous materials can be wanted or unwanted, depending on the desired or undesired unique
properties of the amorphous phase. For these reasons, determining the amount of amorphous material is critical
in the formulation of pharmaceutical powders.
Methods:
Octane adsorption isotherms are measured gravimetrically on mixtures of 100 % amorphous and 100 %
crystalline material. Amorphous material will uptake significantly more than crystalline. A calibration curve is
obtained for the determination of the amorphous content. This method is an extension of the well-known
approach by Zografi et al (Intern. J. Pharm. 101 (1994), 237) but avoids the problem of using water.
Results:
Octane sorption isotherms were collected for lactose mixtures with different amorphous contents. For a 100%
amorphous sample, the octane uptake at 0.90 p/p0 was 0.2177 % (based on dry mass) compared to 0.0184 % for
the 100 % crystalline material. This over 1000 % difference in uptake allows the determination of very small
amorphous contents. For an off-the-shelf lactose an octane uptake at 0.90 p/p0 of 0.0204 % was measured,
corresponding to an amorphous content of 0.8 % (± 0.3 %).
Conclusions:
Gravimetric octane adsorption allows a determination of low levels of amorphous contents. An off-the-shelf
lactose was found to be 0.8 % amorphous.
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Water interacts with biological structures, contributing to the maintenance of a structurally functional
performance in the cell or in the extra cellular milieu. This is of paramount importance when dealing with
problems such as the conservation of organoleptic properties during storage or upon processing of food for longterm preservation. Among various chemicals, Hofmeister series salts affect protein conformation and stability; in
particular, nucleation and adsorption phenomena respond to the nature of the salt present in the medium.
We have developed a method to measure thermodynamic parameters of partition coefficients for relevant low
molecular weight precursors, such as the naturally occurring amino acids. The experimental set up allows the
determination of Kd of relevant solutes in conditions akin to gel permeation chromatography experiments. This
information is useful to ascertain the characteristics of the interaction of these molecules with organized,
structured water layers, such as those occurring in progressively dehydrated/hydrated food. The ranking of the
temperature dependence of such interactions is not related to their hydrophilic-hydrophobic character but gives
rise to an unique, experimentally derived scale for the twenty naturally occurring amino acids. This information
may well contribute to our understanding of the chemistry and physics of biochemical compounds at surfaces
such as that of food fibres and particulates and at the temperatures employed for processing and preservation in
the food industry.
References:
M.G. Cacace, E.M. Landau, J.J. Ramsden Q. Rev. Biophys. 30, 1997, 241-277
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A step beyond the gluten dogma, the wheat water activity map is a fairly emotional result emerging from 25
years of persistent fundamental research conceived and conducted not in traditional laboratories and institutions,
but directly where things matter, where things do happen, i.e. on real world field, food and sales floors.
The original challenge for wheat consistency was described some 2,000 years ago by Pliny the Elder who stated:
“With one modius of wheat flour from Cyprus, I bake 20 pounds of bread; with one modius of wheat flour from
Alexandria in Egypt, I also bake 20 pounds of bread. But when I mix the two wheat origins, then with one
modius of the blend, I bake 25 pounds of bread instead.” In other words, for the same cost of raw materials at the
entrance of the bakery, thank to blending diverse wheat, there is more profit out. For centuries, the “why is that
so?” has eluded countless generations of cereal scientists attempting to elucidate that mystery.
In order to understand that “why”, an approach in three steps combining management and science on food
factory floors was decided. In management, the three steps were: (1) to analyze today’s practices of wheat
professionals and scientists, (2) to apply pragmatic solutions, and (3) to improve know-how so that new industry
profit can be created. Let us remember that taxes on profit are the origins of grants for academic institutions: no
profit means no grant. In parallel and complement, in science, the three steps were: (1) to develop new and
objective wheat characterization and grading methods correlated to wheat supply chain performances; (2) to map
wheat variability, from the fork of the farmers until the fork of the consumers; and (3) to optimize wheat
diversity and processing.
While analyzing practices and current methods in use, three really weird facts were observed. First, although
wheat diversity is a breeder’s greatest asset and Pliny’s requirement for more profit, today, once the grain is
delivered to the food industry, then wheat variability becomes a complaint, hence causing perverse effects in
agriculture such as a reduction of wheat genetic diversity and pesticides pollution of the environment. Second,
although the 1907 landmark monograph of T.B. Osborne may be a top ten citation classics of cereal science
literature, many cereal scientists do what Osborne and bakers never did, i.e. they discard half of wheat proteins
from their experiments and interpretation, hence causing the costly gluten dogma. Third, strangely enough, while
reviewing a century of cereal science literature, one can realize that there is an overwhelming literature about a
few wheat proteins, but that little, very little attention is paid to water. Indeed, as said during the series of
ISOPOW, “the ubiquitous water molecules are small and simple, but they develop complex interactions and
present unusual properties for unprepared observers”. Both grain production and bread manufacturing require
water. No water means no grain, no bread, no profit, no taxes, and no grant... With the right combination of
diverse wheat, then, according to Pliny’s observation, selling water, falling free from the sky, at the price of
bread, does enhance bakers’ gross margins by 25 % indeed.
Therefore, a better understanding of water properties along the wheat supply chain, enriched by approaches from
thermodynamics, materials sciences, and by advances of analytical techniques, made us to detect unsolved
questions in wheat issues and the need to go deeply into them. Food materials, biological and pharmaceutical
scientists have recognized that water and water activity do play an important role on the structure, functionality,
stability and safety of biomaterials, including the transformation kinetics of wheat anti-nutritional factors into
edible protein upon baking. Our results obtained with the water activity map of wheat, and reproduced on two
continents now, open new perspectives for the benefit of all wheat supply chain partners.
References:
http://www.isopow9.com.ar/presentacion.htm and all ISOPOW publications cited on that webpage
L. De Bry “The wheat water activity map technology: A tool of freedom” 2006, abstract for oral presentation of
this EURO FOOD’S WATER Workshop
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The rice consumption of people in the Western world is increasing steadily. Partly because of the consumer’s
awareness of rice as a healthy food partly because of recent interest in the rice based cuisines of Thailand,
Vietnam, and Japan combined with the wide range of different types now available.
Consumers demand different properties of rice depending on the application. For example, in a meal kit, meant
to be a quick way to prepare a meal, only quick cook rice is allowed while cooking time is less important for
speciality rice. Using different processing steps the properties of the rice grains can be adapted.
More than 80 % of the rice weight consists of starch being present both as amylopectin and as amylose. In
native, unprocessed rice, most of the starch is present in crystalline granules. Upon cooking, starch gelatinization
takes place, meaning that the crystallites are melted and converted to an amorphous form. Cooking of native rice
is a time-consuming step, hence many processing routes have been designed to enhance this process. Typically,
these routes aim at altering the molecular and microstructural organisation of starch within the rice kernels, in
order to enable rapid uptake of water.
Here we will present a study of the water uptake behaviour of rice kernels that underwent different processing
routes. Results from various techniques like environmental scanning electron microscopy (ESEM), X-ray
diffraction (XRD), and nuclear magnetic resonance (NMR) are combined to describe the molecular and
microstructural properties that underlie hydration behaviour.
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Fermented whole meat products are preserved by salting and drying. Their typical aroma is developed during the
process of maturing of the product. Unlike fermented sausages, lactic acid bacteria and drop of pH resulting from
their presence do not affect considerably the durability of whole meat products. The hindrance of the growth of
undesirable microorganisms during production of dried fermented hams is characterized by so-called „barrier
effect“. Decrease of aw accomplished by curing, seasoning and drying is the crucial factor for durability of hams
e.g. (Serrano ham, Parma ham). The work deals with modified production of fermented meat products in
Slovakia, which is based on traditional production in Switzerland. Objective was to observe changes of two main
physic-chemical parameters, water activity and pH-value, during ten weeks of fermentation process and to
determine whether obtained values are in range set by Food codex of Slovak republic. Drying and fermentation
are considered the oldest ways to preserve meat products. During the history, traditional procedures were formed
(Italian Serrano, Spanish Parma, etc.). In Slovak region is such typical traditional practice a production of
sausage. However, production of whole meat fermented dried products has no tradition. Dried meats (fermented
hams, raw hams) are products made of whole piece of meat, cured by salting and drying and typical flavour
develops during maturation. Final products do not need to be refrigerated and are consumed without previous
heat treatment. According Slovak Food codex dried meats are supposed to meet these criteria:
a) water activity value (aw) under 0.90
b) pH-value less than 5.5 for dried and fermented; between 5.5 and 6.2 for dried
c) salt content (as NaCl) no greater than 60 000 mg · kg–1
References:
M. Skála “Vodní aktivita a růstové podmínky mikroorganizmů” Maso (4) 2001
P. Pipek “Zvyšování údržnosti masa a masných výrobků” Maso (7) 1996
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E. Sabio, M.C. Vidal-Aragón, M.J. Bernalte “Volatile compounds present in types of dry-cured ham from south
European countries” Food Chem. 61(4), 1998, 493-503
L. Steinhauser et al. Hygiena a technologie masa (1) 1995
J. Dubravický, J. Jajcaj “Development Study: aW observation in rough meat suitable for durable dried meat
products production”, authorised hand-writing, 1986 to 1991
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As moisture content has a major influence on both the quality and the efficiency of cheese production, control of
this parameter is very important. Moisture levels are currently determined when the cheese is 14 days old. In
addition, a prediction of the moisture content at 14 days is based upon the weight of the cheese before salt is
added or by determination of the moisture content of freshly prepared cheese by drying a representative sample
of a cheese. The first method is not sufficiently accurate, and the second method is destructive and the results are
available at such a late stage that no direct adjustment of the process can be made. All in all, this hinders the
development of added value products and processes that offer a high and continuous standard of quality at the
best possible price.
NIRS is a technique derived from Infrared Spectroscopy (IR), a fast way of measuring the quality of food and
agricultural products without need for sample preparation or use of chemicals. Previous research carried out by
RIKILT using NIRS showed that the composition of cheese can be swiftly and accurately determined from a
representative ground sample. Because suitable, robust, commercial equipment for the on-line determination of
the moisture content of freshly prepared cheese was not available, RIKILT and Friesland Foods decided in 2000
to set up a new development project called “Eyes on Cheese”. The aim of this project was to develop a
measurement system that would determine the moisture content of cheese directly after pressing in an on-line,
non-destructive and contact-free way. In order to develop an on-line measuring system for freshly prepared
cheese, the choice was made for the reflection principle in the spectral area of around 1000 to 1700 nm. Based
upon the previously drawn up specification report various NIR techniques that could serve as the basis for the
development of prototype equipment were tested. The most promising were subsequently tested on a semiindustrial scale in the Friesland Foods Cheese pilot factory in Dronrijp, the Netherlands. The test data revealed
that the in-homogeneity of the water content of freshly prepared cheeses and the number of free water molecules
bound to the protein micelles affected the accuracy considerably. As a result, the absorption at water-specific
wavelengths was not proportional with water contents. The issue was overcome by increasing the number of
measurements points, and development of a calibration model, which considered the binding of free water
molecules to protein in the freshly prepared cheese.
Optel BV, an optical company in the Netherlands specialized in the design and engineering of high-tech laser
and spectrometry applications was responsible for the development and implementation of a prototype including
the software implementation within the cheese production companies of Friesland Foods. The new equipment,
developed on the basis of diode-array technology, has a unique detection system, an optical geometry with a
large dynamic range, and is assembled in an industrial stainless steel casing. Over a period of several months,
NIR spectra were collected at different cheese plants of Friesland Foods for evaluating and validating the chemo
metric model for several types of cheese. The newly developed system measures the moisture content of each
cheese with an average accuracy of 0.3 % against the reference method within three seconds. It provides detailed
information, directly after pressing, about the cheese preparation in relation to the cheese properties at a later
stage. In the roll out phase, systems are now being installed in other factories of Friesland Foods, which measure
thousands of freshly processed cheeses 24 hours a day 365 days a year. This makes it easier to control the
production process of quality, high-value special products and helps ensure that the required quality/efficiency
ratio is attained.
This project was carried out by RIKILT in cooperation with Friesland Foods and Opted BV. The project
received financial support form the Dutch Ministry of Agriculture, Nature Management and Fisheries (LNV) as
part of the ‘Innovation, market and competitive power’ (INNO-MC) subsidy programme.
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Hydration numbers (nh) of simple sugars have been investigated for decades using thermodynamic,
spectroscopic as well as molecular modelling techniques. Results were shown to depend on the technique
employed. The most reliable values only concern the first hydration shell assuming a maximum H-bond length
below 2.8 Å. As concentration increases, sugar-sugar interactions become preponderant and nh decreases.
Assuming that no volume occupied by each of hydration water (with 9 % concentration) and bulk water from
density measurements. Likewise, the volume occupied by non-hydrated sugar molecules allows finding for sugar
density a value close to that of solid crystalline form.
On the other hand, using the literature values of aqueous sugar solution densities, it is possible to calculate the
hydration numbers at different temperatures and concentrations. These values of nh show a noticeable decrease
as temperature is raised and concentration increased. Decrease in nh can be explained assuming the occupation of
potential hydration sites (OHs) partial (5 for 8 in sucrose for example) because of differences in H-bonds
lifetimes on the one hand and molecular folding around glycosidic bond on the other.
Calculations of water activity coefficients (fW) based on these nh values were made. Results show the same trend
as shown previously (Starzak and Mathlouthi, 2006) for sucrose, i.e. a decrease of fW with increasing molar
concentration. Temperature effect on water activity and hydration numbers is also determined. This effect was
interpreted in terms of H-bond lifetimes.
In this paper, empirical relations are proposed to calculate water activity coefficients and hydration numbers at
different concentrations and temperatures by use of accurate density values. These models were first applied to
sucrose, the most documented sugar and applied to other sugars.
References:
M. Starzak, M. Mathlouthi “Temperature dependence of water activity in aqueous solutions of sucrose” Food
Chem. 96(3), 2006, 346-370
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Introduction:
Natural animal casing produced from the small intestine of sheep, pigs and horses are used as a sausage skin for
a variety of popular meat products those are consumed worldwide. The European Union estimated that amount
of foreign trade in casing is around € 1.4 billion in the year 2002. Water plays an important role in many stages
of casing industry; starting with careful washing to remove any remains, slims or coloration. It is also critical for
salting stage and plays an important role in binding salt particles to the outer skin of casing. On the other hand,
water is used as the base for a brine solution in which casing might be preserved in a form referred as wet
casing.
Methodology:
The study was conducted in large scale natural sausage casing factory at Alexandria Free Zone in Egypt. During
the period from December 2004 to August 2003 a total of 237 water samples were collected from different
points of processing chain; production stages (55 samples), storage tanks (122 samples), public supply
(60 samples). Samples were tested microbiologically using standard methods for determination of total and
thermotolerant coliform, aerobic plate count, detection and enumeration of E. coli, detection of Salmonellae,
detection and enumeration of Pseudomonas aeruginosa.
Results:
All tested water samples were negative for thermotolerant coliform and Salmonellae. However, 34 % and 9.3 %
of samples were above acceptable limits for total aerobic plate count and Pseudomonas, respectively. And,
17 (= 7.2 %) as well as 5 (= 2.1 %) of tested samples were above acceptable limits for total coliform and total
E. coli count, respectively. The distribution of non conforming samples reveals that water storage tanks were the
main critical point where the quality of water samples was compromised.
Conclusions:
It was alarming that based on the prevalence of coliform and Pseudomonas that the hygienic condition of water
storage tanks is extremely critical for safe water supply in casing industry. The internal surface and outer covers
of those tanks investigated in the study were poorly maintained, and regardless the high quality of the public
water supply samples, the mix of this source with water coming from storage tanks would compromise the
quality of water passed to final production lines.
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The production of reference materials (RMs) at the Institute for Reference Materials and Measurements (IRMM)
is accredited under ISO Guide 34. To guaranty the stability and thus the shelf life of RMs, most materials are
freeze-dried powders. Therefore, the water content of biological and environmental matrix materials played
always an important role at the IRMM [1, 2]. It is routinely determined by means of volumetric Karl Fischer
titration (V-KFT) and accredited under ISO 17025. V-KFT is an easy to operate and robust method, which is
rather fast (~ 10 min for a single determination) and can be applied directly, i.e. without any sample pretreatment. For many types of matrices, it delivers repeatable and reliable results. Still, there are matrices causing
problems as, for instance, starch containing powders from maize, rice, wheat and rye. As the samples are directly
transferred into the titration vessel, the release of water coming from the product can be interrupted due to matrix
effects and agglutination of electrodes can delay the end point detection. This results in a significantly worse
repeatability and thus in a larger uncertainty in comparison with other matrices (e.g. pork muscle or mussel
tissue). In some matrices as gliadin from wheat or rapeseed, it is even impossible to determine correctly the
water content by direct V-KFT as electrodes are immediately agglutinated with matrix components.
To evade these problems, a fully automated head space oven sample processor has been connected to a
coulometric Karl Fischer titration system (OSP-C-KFT). By means of vaporisation, the containing water of a
matrix sample is transferred by a stream of dried air into the coulometric titration cell [3]. Although the analysis
time for a single determination is longer than using V-KFT (30 to 60 min, depending of the sample mass used),
the sample processor can run fully automated (e.g. over night) and therefore significantly reduce the work load.
Both methods were compared under repeatability and intermediate precision conditions. In all cases, the use of
OSP-C-KFT lead to significantly lower uncertainties with similar accuracies. In addition, the efficiency of the
water vapour transfer of the OSP-C-KFT system was checked by acousto-optical tunable filter near-infrared
spectrometry (AOTF-NIR), whereas the remaining water content was found to be < 0.1 %.
Advantages of the OSP-C-KFT system:
•
•
•
•
•

improved method repeatability (lower measurement uncertainty)
smaller sample masses possible
no sample pre-treatment required
automated (less time consuming)
reduced consumption of KFT chemicals (reduced waste)

Reference:
[1] S. Rückold, K.H. Grobecker, H.-D. Isengard “Water as a source of errors in reference materials”
Fres. J. Anal. Chem. 370, 2001, 189-193
[2] S. Rückold, K.H. Grobecker, H.-D. Isengard “The effects on drying on biological matrices and the
consequences for reference materials” Food Control 12, 2001, 401-407
[3] A. Bernreuther, C.L. Klein “Water content determination of the candidate reference material for gliadin
from European wheat (IRMM-480)” M. Stern (ed.) “Proceedings of the 19th Meeting Working Group on
Prolamin Analysis and Toxicity” Verlag Wissenschaftliche Skripten, Zwickau, 2005, 97-106
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Hard candies are formed from boiled sugar solutions which are poured into a mold and cooled, forming an
amorphous glassy hard mass. Such candy is subject to development of stickiness due to both temperature and
humidity increases. This study was conducted to determine both the temperature and humidity effect on a hard
candy. Altoids® purchased from a food broker were stored for three days at four constant relative humidities
(11 %, 33 %, 45 % and 75 %) both open and closed with or without the original seal. These can were then
introduced into abuse temperature conditions of 35, 45, 55 and 65 °C for ~ 8 hours (all closed). The Altoids®
were evaluated by rating each can (duplicates) using a tactile sensory scale (1 to 5). Digital images were taken to
document the score. A glass transition curve (Tg) and melt curve was determined of the scrapped surface
material by DSC as a function of the % RH after storage for 3 days. The results demonstrated that below the
glass transition curve, the Altoids® candies did not change state and easily came out of the can when opened and
turned over. At room temperature the hard candy remained stable at ≤ 33 % RH, the Tg of sucrose. Above that
humidity they became sticky with the sealed can giving slightly more protection than the open can. Temperature
abuse above the glass transition line caused the candy to get sticky at all conditions. At 65 °C, possible in an
open car in the sun, the candy structure collapsed and flowed to form a single hockey puck in the can. Thus the
warning on the Altoids® label to “Store in a cool dry place” has real meaning, don’t leave them in a closed car in
the sun during the summer. The results suggested that temperature has a greater effect than humidity.
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In recent years, many efforts have addressed to the understanding of the tools used by organisms to survive
under environmental stress conditions.
Many organisms, such as, for example, locusts (Schistocerca gregaria), brine shrimps (Artemia saline),
cryptobionts (Phylum tardigradi), bacteria (Escherichia coli) and plants (Myrothamnus flabellifolia), show
extraordinary surviving capabilities to environmental stress conditions, such as dehydration and freezing, thanks
to the synthesis of the disaccharide, which allows them to undergo in a cryptobiotic (“hidden life”) state and to
re-activate the vital functions when the external conditions come back favourable to the life.
Trehalose has very important applications in different industrial fields, such as food, pharmaceutical and
cosmetic industry. Trehalose can be used as a new multi-functional ingredient with considerable potential for the
industry. It can be used by product developers either to improve existing products or to create innovative new
products.
The mild sweetness, low cariogenicity, low hygroscopicity, high freezing-point depression, high glass transition
temperature and protein protection properties are all of immense interest to food technologists. Trehalose is only
45 % as sweet as sucrose. It has a clean taste profile with no aftertaste and a sweetness profile that is
characterised by a rapid onset of sweetness with comparable persistence to sucrose. Importantly, trehalose has
similar functional properties to sucrose and can be used in food and beverage products in combination with
sucrose and other bulk sweeteners to optimise sweetness thus allowing the full flavour of the product to be
appreciated.
This work deals with experimental findings obtained by neutron scattering, which indicate that the structural and
dynamical properties of water, even at relatively low sugar concentration, result drastically perturbed by
trehalose.
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In the present work, quasi-elastic neutron scattering (QENS) and neutron spin echo (NSE) result on homologue
disaccharides (i.e. trehalose and sucrose)/water solutions as a function of temperature are reported. QENS and
NSE techniques, investigating the dynamics respectively in picosecond and nanosecond scales, allow observing
different dynamical features. QENS measurements performed in both, partially deuterated disaccharides in D2O
and hydrogenated disaccharides in H2O, allow separating the solute dynamics from that of the solvent showing a
marked slowing down of the water dynamics. Furthermore, NSE measurements on partially deuterated and
hydrogenated samples make possible to characterise the dynamics of the entire solute-solvent. Although the
techniques show different aspects of the dynamical properties of the investigated solutions, they highlight the
same behaviour: the disaccharide-water system is characterised by the same dynamics, so revealing a strong
solute-solvent coupling. The whole set of findings indicates, therefore, a noticeable kosmotrope character of the
disaccharides, and in particular of trehalose, which can justify its higher bioprotective effectiveness.
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Tea infusions, the second consumed beverage after tap water, are assumed to have therapeutic properties due to
their chemical composition. Water mineral content, especially hardness, is known to modify the extraction of
organic compounds [1] but little information has been reported on water impact concerning inorganic
composition of tea infusions.
In the present work, three black and two green teas were brewed at 95 °C during 3 min with four waters called
A, B, C and D. Water A was ultra-pure laboratory water (deionised water); water B, C and D were natural
mineral ones, containing 1.2 mg L-1, 11.5 mg L-1 and 202 mg L-1 of calcium, respectively. Inorganic composition
was studied using inductively coupled plasma-atomic emission spectrometry (ICP-AES) after pH measurement.
Total organic carbon (TOC) was measured by a TOC analyser.
Infusion pHs were acid (5.5) for unbuffered water or water with a low buffer capacity (waters A, B and C) or
neutral (7.5) for water D having a high buffer capacity. We observed that TOC decreased from 1.5 g C L-1 to
0.8 g C L-1 when water calcium content increased. With respect to inorganic elements such as aluminium,
chemical analyses showed that the higher the water mineralisation, the lower the extraction, independently of tea
used. In the particular case of aluminium, its concentrations in the infusions prepared with water D were on
average twice lower than those prepared with ultra pure water A (0.6 mg L-1 against 1.3 mg L-1). This decrease
was much more significant than those of the other elements were. On the contrary, calcium content of the
infusions prepared with highly mineralised waters (7.8 and 142.2 mg L-1, respectively) were much higher
compared to those prepared with waters A and B (1.32 and 2.2 mg L-1, respectively). Moreover, we observed
that part of the calcium seemed to be exchanged from water to leaves because infusion contents were lower than
blank water ones. Around 30 % of calcium was removed from aqueous solution.
Calcium would play an important role by controlling TOC and aluminium content. Indeed, calcium could be
complexed by TOC from cell wall. This could change the shape of the organic molecules, on the one hand by
facilitating flocculation and formation of tea cream [2] and scum, and on the other hand, by inhibiting exchange
of inorganic compounds between leaves and water.
In this presentation, we will show that inorganic compound extraction during infusion is strongly affected by
chemical water content and why depending on water used, consumers do not drink infusions with same chemical
compositions.
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The aim of the study was to investigate the water activity of multiple emulsions with high amounts of sugar in
the inner and outer aqueous phase. Furthermore, the influence of the oil phase, the size of water and oil droplets
as well as the cooling rate on the water activity was investigated.
Water-in-oil and water-in-oil-in-water emulsions with high concentrations of sugar (sucrose or a sucrose-glucose
mixture) were prepared. For this purposes the water phases contained 14.7 to 73.5 % of sugar. In the oil phase
(MCT-oil, Crokcool CLV, Chocosine), the emulsifying agent was polyglycerol polyricinoleate (PGPR). As
secondary emulsifying agent whey protein isolate was used in the outer water phase. All multiple emulsions
were prepared in a two-step emulsification procedure. First, a W1/O-emulsion with water droplets < 1 µm was
realized by pressure homogenizing at 8 MPa. For producing larger water droplets, the homogenization pressure
was decreased gradual to 3.5 MPa. The second emulsifying step (preparation of W1/O/W2 with a high yield of
W1) was done at 0.7 MPa homogenization pressure with a special orifice valve homogenizer. Smaller oil
droplets could be prepared by increasing homogenization pressure to 1.5 MPa.
The results of the investigations confirm that in a water-in-oil emulsion (W1/O) the water activity depends on the
specific surface area of the water droplets. A large specific surface area (small droplets) results in a higher water
activity. In contrast, small water droplets (large specific surface area) in W1/O are important for the stability of
multiple emulsions. For this reason, it is necessary to reduce water activity by increasing the sugar content in the
inner water phase. The investigations have shown that it is possible to increase sugar content in the aqueous
phase up to 73.5 %. Thus, a water activity between 0.73 and 0.77 (20 °C) could be realized, when MCT-oil was
the oil phase. By using fats with a melting point above 30 °C (Chocosine: 33 to 35 °C; Crokcool CLV: 36 to
38 °C), a sugar content of 58.8 % in the water phase was enough to adjust a water activity between 0.65
(Crokcool CLV, d32 = 0.85 µm) and 0.76 (Chocosine, d32 = 1.26 µm). After dispersing these water-in-oil
emulsions (W1/O) in a second water phase (W2), the oil droplets influenced the water activity by lipid
composition. Using Chocosine, with increasing the droplet size (d32 = 2.11 to 9.02 µm) the water activity was
decreased (0.85 to 0.81). Surprisingly, such interaction was not observed with Crokcool. First results show, that
with both kinds of fat the cooling rate seems to influence the water activity. Storage in the refrigerator at 6 °C
immediately after emulsion preparation led to an increased water activity. Samples, which cooled down at room
temperature (22 ± 1 °C) exhibited a lower water activity.
The results have shown that a number of factors influence the water activity of a multiple emulsion. Therefore, it
is possible to reduce water activity by preparing sugar containing multiple emulsions. For a better understanding,
which mechanisms are responsible for, further research is required.
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The aim of this research work was to quantify total water in inulin by Volumetric Karl Fischer Titration. This
polysaccharide presents a solubility problem in the methanol working medium (MWM), even when the polarity
of the system is increased by addition of formamide. So, when using the conventional Karl Fischer method,
water diffusion of the sample is low, and the measure is stopped by the length of the analysis and not by the
stabilization of the drift.
By externally dissolving inulin in formamide (2.5:7.5, w/w) and injecting this solution into the MWM, total
water including crystallization water, is successfully extracted and quantified. The developed method was
compared to the usual Volumetric Karl Fischer Titration method of introducing the sample directly in the MWM,
modified or not by formamide (1/3, v/v).
Amorphous inulin analysed with the developed method lead to the same water content determination as the
introduction of inulin powder in the titration cell with addition of formamide (2.07 g water/100 g anhydrous
inulin), but the analysis time is reduced by at least a factor 2. However, the water content of semi-crystalline
inulin is higher than that analysed by the introduction of inulin powder in the titration cell (2.35 instead of 1.10 g
water/100 g anhydrous inulin). This difference is probably due to the release of water entrapped in the crystals.
In addition, the analysis time is only 1-2 min, due to the immediate availability of the water. This shorter
analysis time reduces the influence of a possible change of the drift during the analysis. So, it can be assumed
that the proposed method fully extracts the water content of inulin samples.
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The aim of this research work was to establish a correlation between the caking of inulin and physical
parameters, such as crystallinity or glass transition temperature (Tg). In this study, the variable parameter was
the moisture content of the powder. Inulin was initially stored for 3 weeks over P2O5 or KNO3 in order to obtain
a dehydrated or humidified product. The moisture content (MC) was then modified using six different relative
humidity storage conditions (P2O5, LiCl, MgCl2, NaBr, NaCl and KNO3). This last storage lasted at least five
weeks at 20 °C. The adsorption and desorption isotherms were drawn by plotting the MC to the water activity
(aW) of inulin. These isotherms were successfully fitted to the Guggenheim–Anderson–de Boer (GAB) model, to
obtain intermediate curve values. The GAB equation was found to adequately represent the experimental data, as
the relative percentage Root Mean Square (RMS) was 3.44 and 4.37 % for adsorption and desorption isotherm
respectively.
The increase of the water moisture above aW = 0.56 decreased the Tg under the storage temperature (20 °C) and
lead to a development of crystallinity between the amorphous particles, confirmed by static wide angle X-ray
scattering (WAXS) and modulated differential scanning calorimetry (MDSC). Moreover, observation with an
environmental scanning electron microscopy (ESEM) showed the development of some crystal structure among
the amorphous system.
So, a quite simple aW determination allows the estimation of the hardening of inulin using the Tg–aW relationship
coupled to the sorption isotherms established in this study.
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The topology of the hydrogen bond network of water clusters undergoes significant changes from simple cyclic
structure to more complex three-dimensional systems. Several studies suggest that large clusters are rather in the
three dimensional structures starting with the hexamer. Three-dimensional clusters may exist in different
conformations of different symmetries [1]. In these calculations, the authors have shown that the hydrogen bond
topology strongly affects the structure and chemistry of the cluster [2]. From sets of possible structures, most
investigations led to the conclusion that water clusters can be classified into two stable categories, twodimensional ring or cyclic clusters for n ≤ 6 and three-dimensional cages for n ≥ 6. The optimised structures and
vibrational frequencies of water clusters (H2O)n 2 ≤ n ≤ 20) are obtained from ab initio calculations at the
Hartree-Fock level and the electronic density functional theory with a B3LYP exchange correlation function and
a 6-31G* basis set for both methods. The formation of small clusters (H2O)n from the dimer up to the pentamer
(n = 2 – 5) has been thoroughly investigated.
Arrangement of water molecules within a cluster seems to satisfy certain rules. In the case of two-dimensional
clusters, the arrangement of water molecules within a cluster is of type D-A (i.e. 1 donor molecule – 1 acceptor
molecule), whereas for three-dimensional clusters, the arrangement is either DD-A (2 donor – 1 acceptor) or DAA or DD-AA.
An analysis of the strength of the hydrogen bond network with the topology and arrangement of water type
molecules of large clusters seems to follow a D-2A to 2D-2A combination for three-dimensional clusters. These
results strongly suggest that arrangement of water molecules is strongly in favour of a stacking process of twodimensional clusters, leading to a nano structure type of water clusters. The case of (H2O)20 in a stacking form is
rather favourable to the most stable isomer in its dodecahedron form.
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Reference materials can be made from a wide variety of matrices, as much as they differ, the preparation and
handling must be adapted accordingly. In this poster examples are given for mussel tissue and pork muscle.
Water removal is an excellent way of achieving increased matrix stability and hence analyte stability therefore
freeze-drying is an important processing tool when preparing reference materials. Graphical monitoring of the
freeze-drying process, high-speed acousto-optical tunable filter near-infrared spectrometry (AOTF-NIR) and
Karl Fischer titration (KFT) are excellent means to control the drying process during and after completion of the
drying process.
A freeze drying process normally goes through some characteristic steps as indicated below:
1.

The ice in the material resulting from the pre-freezing step should be mainly crystalline which favours
transport of H2O(g) out of the material. The eutectic point of the material is then found where the
LyoconRX line crosses LyoconTemp (as depicted in Figure 1 on the poster). The material temperature
during freeze-drying must not exceed the eutectic point during the drying process since the material will
melt once above this critical temperature.

2.

The first sublimation water peak on ice condenser following the increase of shelf temperature may
sometimes be visible as a peak. Occasionally a constant load on the ice condenser may be visible due to a
relatively large amount of water being trapped there.

3.

The temperature difference between the shelf and product is getting smaller with time, which means that the
material is being dried efficiently.

4.

The pressure is reduced drastically and the shelf temperature is increased as programmed to remove the last
few percent of water. The drying mode is switched from sublimation to secondary drying.

5.

The material is approaching dryness when the product temperatures are close to the shelf temperature.

A freeze-dryer can be used in several ways to gently dry materials to a pre-defined water content i.e. sublimation
drying mode, secondary drying mode and vacuum drying. Over-dried materials (< 1 %) may become
hygroscopic and behave quite differently in the sample preparation steps (i.e. extraction steps) in the analytical
process in comparison with fresh or freeze-dried materials that have appropriate water content (3 to 4 %).
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Purpose:
Low molecular weight amorphous materials will typically revert to their more stable crystalline state when
exposed to certain temperature and humidity conditions. Therefore, determining the temperature and humidity
(RH) conditions to prevent a glass transition is critical for storage and performance.
Methods:
Gravimetric water sorption experiments were performed on spray-dried lactose to determine the exact RH at
which the glass transition occurs as well as onset for the crystallization at constant temperature.
Results:
Lactose was exposed to a linearly ramped humidity profile from 0 % to 90 % RH. At a critical RH, the sample
passes through the glass transition due to the plasticizing effect of water. The glass transition is marked by a
clear shift in the water sorption behaviour of the sample. This was performed for a series of ramping rates. A
clear relationship exists between the glass transition RH and the ramping rate, allowing extrapolation to a zero
ramping rate. For this lactose sample at 298 K, the glass transition RH was 29.8 % RH. With the same method
the crystallization point was found to be 58 % RH at 298 K.
Conclusions:
Moisture sorption experiments determined an onset glass transition of 29.8 % RH and crystallization at 58 % RH
for an amorphous lactose sample at 298 K.
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Due to the significant increase of protein-based therapeutic applications in recent years the formulation of
proteins has become an area of high interest. A common method is the freeze-drying of proteins embedded in
amorphous structures formed by sugars. Although these sugar matrices provide some stabilization of the protein,
environmental conditions, such as temperature and humidity have a strong impact on product performance and
storage. For example, an increase in moisture content or temperature may cause the sugar to go through a glass
transition or even crystallize, resulting in a loss of thermal stability of the protein [1]. For this reason knowledge
of physico-chemical properties such as glass transition and water sorption behavior is important. In this study the
impact of bovine serum albumin (BSA) on the water sorption and glass transition behavior of trehalose is
studied.
Water sorption experiments have been carried out by HT dynamic gravimetric vapor sorption (DVS-HT) at
25 °C. Four different samples were obtained from the same freeze-drying process: trehalose with 30 % BSA,
with 3 % BSA and trehalose without BSA as well as pure BSA. All samples are exposed to the same
environment in parallel. They were initially dried at 0 % relative humidity (RH) at the desired temperature.
Then, the samples were exposed to a particular RH while monitoring the change in mass. Measurements were
carried out both in a step (“isotherm”) and ramp mode.
All samples containing trehalose showed a significant mass loss between 60 and 70 % RH when humidity was
increased in steps at 25 °C. This decrease in mass is due to a glass transition followed by crystallization of the
trehalose. No mass loss was observed for the pure BSA sample at these humidities suggesting that the mass loss
is due to the collapse of the amorphous sugar matrix. The glass transition at 25 °C occurred around 60 % RH for
the pure trehalose sample. This was shifted to 70 % RH for the 30 % protein loading. 3 % protein didn’t cause
any major shift in the glass transition. This was confirmed by ramping experiments. When the humidity is
increased continuously the mass will increase until crystallization occurs. The resulting maximum corresponds to
the crystallization humidity [2]. While the sample with 3 % loading and the sample without protein showed
almost the same crystallization event at ~55 % RH there was a significant shift for the 30 % loading to 72 % RH.
High contents of BSA (30 %) in an amorphous trehalose matrix cause an increase in the humidity at which the
glass transition of trehalose occurs at 25 °C (anti-plastization). Small amounts (3 %) of BSA do not show any
significant impact on the glass transition or water sorption behavior of trehalose.
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Many low molecular weight amorphous materials will revert to their thermodynamically stable, crystalline form.
This timescale of this transition is dependent on both temperature and humidity (or solvent partial pressure).
Therefore, understanding the kinetics of this transition over a wide range of temperatures and humidity values is
important for the processing and storage of materials containing amorphous phases.
Dynamic Vapor Sorption (DVS) is a well-established method for the determination of vapor sorption isotherms.
It is based on a highly sensitive gravimetric system, which measures vapor adsorption and desorption. In the
current study water sorption experiments were performed over a range of humidity and temperature conditions to
investigate the crystallization kinetics of a spray-dried, amorphous lactose sample.
At 25 °C the onset time to crystallization for spray-dried lactose was measured over the 48 to 60 % relative
humidity range. The results indicated an exponential relationship between time to crystallization and humidity.
Above 53 % RH, crystalline lactose formation occurred in one step, while a two-step process was observed at
51 % RH and below. For the one step process, crystalline lactose formation showed a sigmoidal relationship
with time, suggesting Avrami [1] type growth kinetics.
I) The crystallization kinetics were studied for a partially amorphous lactose sample.
II) The crystallization process had an exponential dependence on humidity.
III) Crystal growth at higher humidity values followed Avrami type kinetics.
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Many types of bread are cellular solid food products with a crispy or crunchy outside (crust) and a soft inside. A
general problem in bread manufacture is to retain these sensory properties over an extended period of time. To
improve the retention of the crust's crispy behaviour, more information is required about the mechanism that is
behind the deterioration of crispness. Water transport from the crumb to the crust and water distribution and
mobility in the crust and changes therein during storage play a role in crispness. We developed an oscillatory
sorption test to get more insight into the behaviour of water in bread crust. In combination with the Langmuir
equation this allows a quantitative and physically sound analysis of water uptake behaviour, without prior
knowledge of shape and surface area of the sample.
In this test, water uptake and the amount of exchanging water are followed while the relative air humidity
oscillates between two set values. The experiment can be roughly divided into two parts. First, the sample is
introduced in the RH-controlled chamber with oscillating RH. The sample, which has been dried to a low level
of water activity, shows a rapid water uptake (i.e. increase in weight). The rate is determined by the surface
area/number of sorption sites, the material's wetting properties and the average value of the oscillating RH. The
second part of the oscillation experiment, in which the water activity (i.e. the weight) of the sample oscillates
around a constant value, gives information about the water exchange within a certain time span. The obtained
curves are analysed based on models for (water) adsorption. Factors studied were the rate-limiting step, the
effect of crust particle size on the Langmuir desorption parameter and the use of the Langmuir equation for the
calculation of the surface area available for water adsorption (∆mmax). The results showed no significant
difference between oscillation times of 28 and 48 min for any of the parameters. This means that over these
times only one process dominates the kinetics and average level of water uptake, likely this is water diffusion
into the particles. ∆mmax increases with decreasing sample size. This indicates an increase in number of active
sorption sites per unit mass, which correlates with a relative increase in surface area and shorter diffusion
distances for the smaller particles. At RH ≥ 60 % the analysis discussed does not work anymore as a result of
large changes in ∆mmax with RH.
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Comparisons 19 and 20 of the International Measurement Evaluation Programmes (IMEP) focused on the
evaluation of the measurement performance for the determination of trace elements in food samples. Certified
reference values established independently at IRMM were produced to demonstrate the degree of equivalence of
the participating laboratories internationally. Some of obtained values were also used as the IRMM contribution
to the Key comparison 24 and Pilot study P-39 of the Comité Consultative pour la Quantité de Matière (CCQM)
organised by BIPM among National Measurement Institutes. For the purpose of those certifications
measurement procedures based on isotope dilution inductively coupled plasma mass spectrometry (ID-ICP-MS)
were developed. IDMS has the potential to provide accurate measurement results for the amount of substance,
with no more than a few percent of uncertainty. However, the result’s accuracy relies on a complete analysis of
all possible sources of uncertainty, including that associated with moisture determination and dry mass
correction. For laboratory inter-comparisons, trace element contents are typically corrected for the dry mass and
the method for measuring moisture content is often specified. This is done to help achieve a fair comparison
between participants’ results. It is also essential that the selected moisture measurement method is suitable for
the sample matrix under investigation.
The aim of this study was to evaluate the contribution of moisture content, determined by different methods, to
the total combined uncertainty of trace element amount contents, and to apply the most reliable method for
moisture determination in food samples (rice, tuna fish) in the final trace element certification exercise. In the
investigations presented, two potential sources of moisture were identified; the water content already present in
the sample and moisture uptake from the ambient air. Moisture determination measurements were validated
through:
i) the comparison of results with the different methods: dry oven, Karl Fischer titration and thermo-gravimetry,
ii) the critical evaluation of all factors influencing results,
iii) calculation of the combined measurement uncertainty, through a complete assessment based on scientific
understanding of the factors involved.
In some cases, uncertainty in the moisture content was the main contribution to the combined uncertainty of an
IDMS trace element measurement. However, correct moisture determination was shown to allow a reliable
comparison of analytical results, based on dry matter, from different laboratories.
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Encapsulation properties of trehalose and lactose in emulsions stabilized by micellar (milk protein isolate – MPI)
or non-micellar casein (sodium caseinate – NCN) were studied. The minimum concentrations of protein to
stabilize a 10 % anhydrous milk fat (AMF) emulsion were 0.33 % and 1.26 % (w/w) for NCN and MPI,
respectively. Various protein concentrations were used to analyze effects of protein on the particle size of
reconstituted emulsions, as well as on encapsulation efficiency and storage stability. Spray drying resulted in an
increased particle size, especially for MPI-stabilized emulsions (from < 1 µm to around 14 µm), whereas the
particle size of NCN-stabilized emulsions was less dramatically increased (from 0.5 to 3.5 µm). These changes
were attributed to the resistance of the dispersed phase to a high shear exposure during atomizing, which was
found to cause droplet coalescence. Creaming kinetics (before and after drying) were consistent with changes
found in particle sizes. Free fat content on powder surfaces was also sensitive to the type and concentration of
protein: MPI emulsions showed higher values (from 1 to 4 g free fat/100 g powder) than NCN-stabilized
emulsions (0.6 to 3.2 g free fat/100 g powder). The type of carbohydrate (lactose or trehalose) seemed not to
have any observable effects on free fat content on surfaces of MPI emulsions, whereas in NCN emulsions higher
surface fat values were found for lactose. Free fat content on surfaces after carbohydrate crystallization (under a
65 % RVP environment) showed that trehalose systems (regardless of the protein used) released significantly
lower amounts of encapsulated fat compared to those with lactose as the main encapsulant – 50 % less in low
protein systems and up to 90 % less in high protein systems but only in MPI-stabilized emulsions. These results
suggested technological advantages for trehalose as encapsulant and that casein type (micellar vs. non-micellar)
affect emulsion properties and powder storage stability.
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The effect of casein molecular assembly [micellar or non-micellar, as milk protein concentrate (MPC) or sodium
caseinate (Na-caseinate), respectively] on water sorption, plasticization and crystallization of freeze-dried
sucrose, lactose and sucrose/lactose blends was studied. Water sorption isotherms (23 °C) showed good
agreement between the experimental data and the GAB model. Individual proteins had similar water sorption
behavior up to RVP 65 % after which NaCas sorbed significantly more water. The presence of MPC or NaCas
(15 % w/w) hindered (within 144 h) sucrose, lactose and sucrose/lactose crystallization up to RVP = 33 and
44 %, 44 %, and 44 and 54 %, respectively. In most cases, the rate of crystallization was significantly slower in
Na-caseinate than in MPC systems, especially in sucrose and sucrose/lactose composites.
The Tg of the composites was insensitive to the type of casein and was depressed to < 24 °C for the sucrose,
sucrose-lactose and lactose systems at RVP = 24, 33 and 44 %, respectively. The Tg of the pure proteins could
not be determined by DSC, even at high RVP. Na-caseinate composites showed higher crystallization
temperatures upon heating than MPC (up to 20 °C higher). No crystallization was detected for the
sucrose/lactose systems and their blends with casein(s) since decomposition occurred before any crystallization
peak could be detected.
XRD showed incipient crystallization of the sucrose composites at RVP = 44 and 54 % for MPC and Nacaseinate, respectively. Increasing crystallinity was detected at increasing RVP. Na-caseinate/sucrose composites
showed a decrease in peak intensity at RVP = 76 % compared to RVP = 65 % and to the MPC system, consistent
with water sorption results. Lactose crystallization (as α-lactose monohydrate) was evident for both proteins at
RVP > 44 %, especially for MPC composites. Peak intensities decreased at RVP = 76% for both proteins
compared to those at 65 % RVP which was attributed to lactose solubilization. Sucrose crystals predominated in
the patterns of the sucrose/lactose composites where peak intensities were significantly lower at RVP = 65 and
76 % than those for of the sugars-only system, consistent with water sorption studies.
Stability diagrams showed that the critical water content for Tg = 25 °C was the same for lactose composites
regardless of the casein used and that for sucrose and sucrose/lactose blends, Na-caseinate allowed for higher
water contents compared to MPC.

78

The Q5000 SA TGA to study water sorption: Design and applications
Els Verdonck
TA Instruments, Brusselsesteenweg 500, 1731 Zellik, Belgium
everdonck@tainstruments.com
Keywords:
sorption analysis, moisture sorption analysis, adsorption, desorption, humidity, relative humidity, TGA
Water affects the properties of many materials. For example, the position of the glass transition temperature of
several polymers is lowered (sometimes by multiple tens of degrees) by the absorption of water. The texture of
food is another example where water content in the material affects its end-use properties. If the water content is
too low, the material is dry and brittle in texture. If too much water is present, the material becomes soggy.
The new automated Q5000 SA TGA is designed for high performance sorption analysis of materials under
controlled conditions of temperature (5 to 85 °C) and humidity (0 to 98 % RH). Its design integrates TA
Instruments’ latest high sensitivity, temperature controlled thermobalance with an innovative humidity
generation system, advanced multi-position auto sampler and powerful Advantage software. The Q5000 SA is a
symmetrical system where the sample and reference sides of the balance are identical and are exposed to
identical conditions. The balance is thermally isolated from the measurement zone of the instrument and
maintained at a constant temperature during experiments for excellent baseline stability. The result is the ability
to work with small samples and shorten the experimental time for obtaining equilibrium. Dry nitrogen purge gas
is split into two streams for generation of the % RH environment. Part of the stream remains dry, and the other
part is passed through a water saturation chamber. Calibrated high precision mass flow controllers regulate the
proportions of dry and wet gas to obtain the desired % RH. The whole enclosure of the humidity chamber is very
compact and hence very responsive to temperature changes (for heating experiments). The software is highly
automated and allows among others for automated weight calibration and verification, scheduling regular
performance verifications using a deliquescent salt, diagnostic capability.
The design of the Q5000 SA will be discussed, as well as applications in multiple domains.
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Pectins are hydrocolloids used in a great variety of food products because of their ability to interact with water
and to effectively affect the textural properties of the products that can become denser and even gel like. Pectingel formation can be achieved by applying heat to pectin systems. The use of high pressure processing (HPP), an
innovative food preservation technique, has been reported to induce gelatinization of starch and protein based
systems.
The objective of this work was to investigate the possibility to induce the formation of a gel-like structure in
water – pectin suspensions by means of high pressure processing (HPP) and to study the physico-chemical
properties of the products obtained.
Low (Genu® Pectin LM-104 AS, CP-Kelco, L) and high methoxy (Genu® Pectin B Rapid set, CP-Kelco, R)
pectins were used in this study. Pectin – water suspensions with concentrations of 4, 6, and 8 % (pectin / water)
were subjected to high-pressure treatments (10 min at 32 °C “HP”; or 10 min at 80 °C, “HP-T”; Quintus® Food
Press 35-600 Hydrostatic Press, Sweden) or heated at 80 °C for 10 min. The products obtained were then
characterized for their thermal properties (differential scanning calorimetry, DSC Q100, TA Instruments, DE,
USA) and for long-range (Ares Rheometer KFRT, Rheometric Scientific, NJ, USA) and short-range (miniSpec,
Bruker Biospin, S.r.l. Italy) relaxations. In particular, the freezable water content, G’ and G” as well as 1H spinlattice (T1), 1H spin-spin (T2) and the 1H self-diffusion coefficients (D) of the products were measured.
The pectin-water suspensions became significantly thicker and more viscous when subjected to HPP and thermal
treatments, more significantly in the R than in the L samples. No difference in the freezable water content was
found among all samples. The ability to form ice was not affected by processing, pectin concentration and degree
of esterification in the systems considered. Water was found to have a comparable “degree of freedom” in the
time and space range detected by DSC. Long-range relaxation (as investigated with a rheometer) could be
studied only in the more concentrated (6 and 8 %) R samples that showed a prevalence of the viscous over the
elastic component. The values of G’ and G” were dependent only on the pectin concentration and not on the
processing. A mono-exponential relaxation was found in 1H T1 and 1H T2 indicating the presence of only one
detectable 1H population. The 1H self-diffusion coefficient was lower than that of pure water in all samples.
1
H molecular mobility was found to be affected by pectin concentration (decreasing 1H T1, T2 and D with
increasing concentration), degree of esterification (e.g. 1H T2 of L is > than R at 4 %) and processing (D
generally higher in thermal than in HPP treated samples).
HPP was found to be able to induce thickening of the pectin-water systems considered, similarly to the thermal
process. The physico-chemical properties of the products were comparable in the time-space range observable
with DSC and rheometer (longer range), while they differed in the molecular mobility range (short-range
relaxation studied by low resolution 1H-NMR).
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The aim of the work was to estimate the problem of microbiological and chemical quality of technological water
as being used in agricultural distilleries and the effect of its contamination on the quality of raw grain alcohol.
Information concerning the source of water intake for production, current authorizations for its use, and the
quantity of water collected from a given source, data concerning analyses of water quality as well as the method
for its treatment and circulation of technological water were obtained from the questionnaires completed by
some distillation works, cooperating with the Institute. Waters coming from the wells, situated at the territory of
manufacturing works or agricultural farm to which the distillery belongs, are most frequently used in the
distilleries. In deep water, employed by the works under monitoring, the contaminating micro flora, dangerous
for correct run of the process of producing and quality of raw alcohol is developing during the intake of the
water or during its storage in intermediate reservoirs before their directing to production process. On the ground
of results of the tests, constant control of technological water quality and organoleptic and chemical quality of
raw grain alcohol in the selected distilleries which treat the raw materials by pressure and without pressure
methods, it was found that contamination of water with bacteria and especially with spore formers, caused
lowering of raw alcohol quality. In the situation of accompanying bacterial contamination of water and the
contamination with high (above standard) quantities of iron and manganese compounds, the produced spirit was
often disqualified due to its smell and excessive content of organic acids above 0.08 g/l 100 % alcohol and
aldehydes above 0.1 g/l 100 % alcohol. As a result of model studies, conducted in the manufacturing conditions,
in the distilleries, which prepared mashes without pressure method, the effect of technological water on the
quality of final product was confirmed. In the distillery, which was recognised as a model one, water directed to
production, was purified on filters and was microbiologically pure and the raw grain alcohol produced during the
tests was characterized by a good organoleptic quality; the content of aldehydes and organic acids was found
below the requirements, specified by the standard of the discussed product. Microbiological and chemical purity
of water, used in technology production of raw grain alcohol in agricultural distillery is one of the elements,
having a significant effect on the fermentation process, yield of alcohol from starch and quality of the product
and by this, on the economic results of the works.
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