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Introduction

Inulin is a natural storage carbohydrate composed of a chain of fructose units with generally a terminal glucose unit, industrially extracted from chicory root and commercially available in the powdered form. In the
food technology domain, the study of the amorphous fraction by the mean of the glass transition temperature (T}) is crucial for predicting powder stability during storage. Unlike crystalline structure, an amorphous
is in a non-equilibrium state and will tend to crystallize depending on storage conditions (temperature, humidity). In this study, the impact of the crystallinity of spray-dried in on the powder stability was
investigated during water uptake at 94% relative humidity (RH) storage at 20°C. Various spray-dried inulin powders with different crystallinity indexes but with identical chemical composition were used for this
purpose. The resulting physical properties and powder stability of inulins were studied in detail at various water content. The pla: ng effect of water on glass transition temperature (7,) and crystallinity was
characterized by Modulated Differential Scanning Calorimetry (MDSC) and Wide Angle X-ray Diffraction (WAXS), respectively. Temperature-resolved WAXS was used to correlate the MDSC thermograms and the
WAXS diffractograms when crystallization occurred in both amorphous and semi-crystalline inulins. In addition, the inter-particular properties which were related to the powder stability were visualized by
Environmental Scanning Electron Microscopy (ESEM).
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In comparison to the MDSC results, the beginning and the end of the endothermic peak corresponded to the transition observed in the
Temperature-Resolved Wide Angle X-ray Scattering experiment (145 and 165°C for onset and endset temperature, respectively). Indeed. up
to 145°C, crystallized amorphous inulin showed diffraction peaks: while above this value, the crystallinity decreased drastically, as showed
by the drop of the crystallinity index. A completely amorphous sample was observed at 166°C. Semi-crystalline inulin exhibited a total lost
of crystallinity 12°C higher than its amorphous counterpart
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Conclusions

The effect of water content on amorphous and semi-crystalline inulin properties was investigated. Water content, crystallinity indexes, thermal properties and glass transition temperature evolution permitted the
understanding of the physical and behavior changes of both powders. During water uptake, amorphous powders caked; while the semi-crystalline counterparts were agglomerated but friable. Both caking and
agglomeration were observed when the 7, was below the 20°C storage temperature. This led to a higher mobility of the amorphous fraction of the powder and an increase of the crystallinity for both semi-crystalline and
amorphous inulin. The experimentations have shown that the semi-crystalline inulins were stabler in the high humidity environment than the amorphous ones; which is of crucial importance for the stability of inulin
during process, storage or incorporation in high moisture formulations. The T, — water content state diagram of amorphous inulin allowed us to point out three zones. Zone I was the plasticization effect of water on 7,
with inulin in a powdered amorphous state. The defined zone II was an intermediate state between glassy amorphous and crystallized inulin, with some macroscopic and thermal property changes. In zone III, the
product crystallized, caked and no glass transition was observed. An endothermic peak appeared at the initial glass transition, which was attributed to the melting of inulin crystals, as confirmed by Temperature-
Resolved Wide Angle X-ray Scattering.
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In the food technology domain, the study of the amorphous fraction by the mean of
the glass transition temperature (Tg) is crucial for predicting powder stability during
storage. Unlike crystalline structure, an amorphous is in a non-equilibrium state and
will tend to crystallize depending on storage conditions (temperature, humidity). In
this study, the impact of the crystallinity of spray-dried inulin on the powder stability
was investigated during moisture uptake at 94% relative humidity (RH) storage at
20°C. Various spray-dried inulin powders with different crystallinity indexes but with
identical chemical composition were used for this purpose. The resulting physical
properties and powder stability of inulins were studied in detail after various storage
times at 94% RH. The plasticizing effect of water on glass transition temperature (Tg)
and crystallinity was characterized by Modulated Differential Scanning Calorimetry
(MDSC) and Wide Angle X-ray Diffraction (WAXS).

During moisture uptake, amorphous powders caked; while their partially crystalline
counterparts were agglomerated but friable. Both caking and agglomeration were
observed when the Tg was below the 20°C storage temperature. This led to a higher
mobility of the amorphous fraction of the powder and an increase of the crystallinity
for both partially crystalline and amorphous inulin. The experimentations have shown
that the partially crystalline inulins were stabler in the high humidity environment than
the amorphous ones; which is of crucial importance for the stability of inulin during

process, storage or incorporation in high moisture formulations.
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