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Università di Messina, PO Box 55, S.ta Sperone
C.da Papardo, 98166 Messina, Italy.
Tel: 139 090 6765025
Fax: 139 090 395004
Email: smagazu@unime.it
Received 22 October 2009; revised 12 January
2010; accepted 27 January 2010.
doi:10.1111/j.1757-837X.2010.00060.x

Abstract
Introduction Trehalose, a glass-forming bioprotectant disaccharide, has been
demonstrated to possess significant potential within the food industry. It does
not interact with reactive molecules such as amino groups from peptides and
proteins, preventing the degradation and aggregation due to Maillard reactions.
Objective This paper aims to review at the molecular level the effects of trehalose
on the structural and dynamical properties of water and on protein to highlight the
stabilization and conservation properties on food products. Results and Conclusions The experimental findings presented show that water molecules are arranged
in presence of trehalose in a particular configuration which avoids ice formation,
so limiting damage due to freezing and cooling. On the other hand, homologous
disaccharides, and trehalose to a greater extent, slow down the dynamics of water
with a significant influence on the biological activity. These results imply that
trehalose has a greater ability to bind volatile substances and deliver superior
bioprotective effectiveness. Furthermore trehalose is shown to be incapable of
taking part in the denaturation process of lysozyme under thermal stress.

Introduction
The extraordinary bioprotective properties of the
glass-forming disaccharide trehalose have been recently the
subject of attention not only under the aspect of the pure
physical, biological and chemical research (Magazù et al.,
2004, 2005, 2006, 2007, 2008a, b; Cottone et al., 2002;
Cordone et al., 2005; Lerbret et al., 2005; Magazù &
Migliardo, 2007; Varga et al., 2008), but also because of the
promising applicative implications (Guo et al., 2000; Zhang
et al., 2003; Tanaka et al., 2004; Hamaratoglu et al., 2005; Nie
et al., 2005). Many organisms show remarkable surviving
capabilities to environmental stress conditions by synthesizing trehalose, which allows them to enter into a state of
‘suspended life’ and to re-activate their vital functions when
the external conditions again become favourable. Such
organisms, called ‘extremophiles’, are useful model-systems
because the adaptation strategies they have developed can
suggest innovative methodologies to be used for stabilizing
biological molecules (Crowe, 1975; Crowe et al., 1984a, b,
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1987; Van Dijck et al., 1995; Robert et al., 2000; Rothschild &
Mancinelli, 2001; Schiraldi & De Rosa, 2002; van den Burg,
2003; Pakchung et al., 2006; Unsworth et al., 2007).
Trehalose has been demonstrated to possess much potential within the food industry (Pollock & Holmstrom, 1951;
Roser, 1991a, b; Van Dijck et al., 1995; Gleeson & Bishop,
2000a, b; Murray et al., 2000; Oku & Nakamura, 2000; Ivy,
2001; Hiashiyama, 2002; Richards et al., 2002; Salas-Mellado
& Chang, 2003; Danielson & Rollin, 2004; Patist & Zoerb,
2005; Duong et al., 2006; Zhou et al., 2006). Being a nonreducing sugar, trehalose inhibits Maillard reactions, which
can seriously affect the cereal production, and therefore it
can be successfully used to preserve food products and it can
maintain taste and flavour of cereals and freeze-dried
ingredients added to cereals (Pollock & Holmstrom, 1951;
Roser, 1991a, b; Van Dijck et al., 1995; Hiashiyama, 2002). In
commercial baker’s yeast the trehalose content is widely
believed to be a critical parameter that determines its stress
resistance. Studies performed on the production of ‘instant
active dry yeast’ have demonstrated that trehalose levels of
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15–22% of the dry weight are common, even if a content of
4–5% (based on the dry weight of the yeast) protects the
yeast cells during prefermentation, freezing, frozen storage
and thawing, while for sweet dough and for savoury dough
yeasts after 45 days frozen storage the addition of 10%
trehalose in dough formulation produced higher survival
yeast rates (Salas-Mellado & Chang, 2003).
Trehalose can be also used as a flavour enhancer in nonstandardized, ready-to-eat meat and poultry products.
Furthermore it effectively reduces or eliminates the metallic,
bitter and astringent off-flavours associated with the use of
such ingredients as sodium phosphate, salt, potassium
lactate and sodium diacetate (Danielson & Rollin, 2004).
This review aims to present an overview of the molecular
mechanisms responsible for the trehalose bioprotectant
effectiveness in binary disaccharide/water and in ternary
disaccharide/protein/water. More specifically attention is
focused on the interaction between trehalose and water and
between trehalose, water and lysozyme.

Experimental Procedure
Aqueous solutions of ultrapure a,a-trehalose, maltose and
sucrose, purchased by Aldrich-Chemie (Aldrich-Chemie, St.
Louis, MO, USA), were investigated at different concentrations f, being f the weight fraction f = Mdnd/
(Mdnd1Mwnw); nd, nw, Md and Mw are the mole numbers
and the molecular weights of disaccharide and water,
respectively. Care was taken in order to obtain stable, clear
and dust-free samples; ample time of about 6 h was allowed
for equilibration. In addition, the solutions were filtered
with 0.45 mm Amicon filters (Amicon Filters, Millipore,
Billerica, MA, USA) and stored in the dark to minimize
biological and photochemical degradation.
The samples for Raman scattering measurements were
sealed in optical quartz cells of inner diameter 5 mm and
then mounted in an optical thermostat especially built to
avoid any unwanted stray-light contribution. IVV and IVH
Raman spectra were obtained by a high-resolution fully
computerized Spex-Ramalog 5 triple monochromator
(HORIBA Jobin Yvon Srl, Milano Italy) in a 901 scattering
geometry. Vertically polarized radiation of an INNOVA 70
Series Ar–Kr gas-mixed laser operating in the range
4579–6764 Å was used as excitation source. To reduce
fluorescence we chose the 6471 Å laser line. Each reported
spectrum is the average of different scans. For each isotherm
spectrum, the individual IVV and IVH scans were taken in an
alternating sequence to ensure that a definite intensity
relationship existed between the final IVV and IVH spectra of
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the some isotherm. Isotropic scattering intensities were
calculated from the parallel and perpendicular, respect to
the scattering plane, components of the scattered light by
Iis = IVV  4/3IVH. All the spectral contributions were normalized with the C–H stretching band that does not suffer
H-bond interactions. Finally, this contribution was removed
from the OH-stretching contour.
Neutron diffraction (ND) measurements combined with H/
D substitution have been performed on trehalose aqueous
solutions (hydrated trehalose in H2O, partially deuterated
trehalose in 50% H2O/50% D2O and totally deuterated
trehalose in D2O), for temperature values of T = 300 and
340 K and for two concentration values corresponding to 40
and 20 water molecules for each of trehalose, by using the
SANDALS diffractometer at ISIS facility (DRAL, UK). The
technique of isotope substitution enables the water structure to
be viewed directly by making use of the pronounced difference
in neutron-scattering length between hydrogen and its isotope
deuterium. The water protons can be labelled independently of
the other atoms in the solution and so their relative correlation
can be obtained independently. In this context the hydrogenbonding interaction plays a key role as responsible of the
characteristic form in the short and medium range of water.
This technique allows observations as to whether this arrangement is altered significantly in the presence of a dissolve solute.
Quasi elastic (QENS) and elastic neutron scattering
(ENS) experiments have been carried out on hydrogenated
trehalose, maltose and sucrose (C12H22O11) in H2O and on
partially deuterated trehalose, maltose and sucrose
(C12H14D8O11) in D2O. All the three disaccharides possess
hydrogen atoms, belonging to the OH groups, which
exchange easily with the deuterium atoms of heavy water.
Measurements were performed in a temperature range of
273C353 K (QENS experiment) and of 20C310 K (ENS
experiment) on hydrogenated trehalose, maltose and sucrose in H2O and on partially deuterated trehalose, maltose
and sucrose in D2O at a weight fraction values corresponding to 19 and 6 water (H2O and D2O) molecules for each
disaccharide molecule. We estimated that in the deuterated
solutions (at the investigated concentration) the coherent
contribution to the total scattering cross-section is 5%. In
the case of protonated samples, we focused attention on the
incoherent scattering arising from the self-correlation function, which involves the motions of protons, the ratio
between the incoherent cross-section, si, and the scattering
cross-section, ss, being si/ss = 0.94.
The QENS experiment was carried out using the IRIS
backscattering spectrometer at ISIS facility (DRAL). We
measured sets of QENS spectra covering a Q, o-domain
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extending from Zo =  0.3 to 0.6 meV (energy transfer) and
Q = 0.3–1.8 Å1 (momentum transfer). The detectors used
give a mean energy resolution of G = 8 meV of half-width at
half-maximum as determined by reference to a standard
vanadium plate. The raw spectra were corrected and normalized using the standard GENIE procedures.
The ENS measurements were performed using the IN13
spectrometer at ILL (Grenoble, France). The incident wavelength was 2.23 Å; the Q-range was 0.28–4.27 Å1; the elastic
energy resolution (full-width and half-maximum) was
8 meV and the resolution time was 0.1 ns. Raw data were
corrected for cell scattering and detector response and
normalized to unity at Q = 0 Å1.
Small angle neutron scattering (SANS) findings have been
obtained by using the LOQ spectrometer at the ISIS Pulse
Neutron Facility (RAL, UK) at the temperature values of
T = 310 and 333 K on lysozyme/D2O and lysozyme/D2O/
trehalose mixtures at a lysozyme concentration of 10 mg
mL1 and for a lysozyme:trehalose mass ratio of 1:1. The Qrange covered by the LOQ spectrometer is from 0.007 Å1 to
0.287 nm1 and the wavelength resolution (full-width and
half-maximum) is 8% o Dl/l o 18%.

Results and discussion
Figure 1 shows an example of the isotropic spectra of the O–H
stretching band for a,a-trehalose, maltose and sucrose aqueous
solutions at T = 293 K at three concentrations, f being the
molar fraction. A remarkable observation resulting from an
inspection of these Raman spectra, is that no additional
Gaussian components at higher frequencies were required to
fit the OH-stretching contour, that is, no components, whatever, near 3500 and 3620 cm1 were required at high concentration. The higher frequency components arise when
hydrogen bonds are broken and their absence in spectra
indicates that free O–H groups are not present. As an example,
the decomposition of the isotropic spectrum of the three
disaccharides at f = 0.09 into an ‘open’ and a ‘closed’ contribution, is reported in Figure 2. The result of the decomposition of each spectrum into an ‘open’ [attributed to the O–H
vibration in tetrabonded H2O molecules that originate lowdensity patches in the system (stretched water)] and a ‘closed’
[corresponds to the O–H vibration of H2O molecules that
have a not fully developed hydrogen bond (distorted bond)]
contribution (D’Arrigo et al., 1981) is reported. The fractional
open band intensity is expressed by
R open
I ðo; T; fÞdo
BðT; fÞ ¼ R istot
Iis ðo; T; fÞdo
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ð1Þ

Figure 1 Comparison among the isotropic spectra, Iis(o), of the O–H
stretching band for trehalose, maltose and sucrose aqueous solutions at
T = 293 K at three concentrations, being f the molar fraction.

and it is shown in the insert as a function of the molar fraction
for the three disaccharides in the concentration range 0 o f
o 0.2 at T = 293 K.
The most noteworthy feature is that, by decreasing the
water content, one observes a marked decrease of the ‘open’
area contribution which tends to a plateau value (Branca
et al., 1999). These findings are consistent with the picture of
a disaccharides destructuring effect on the H2O-tetrabonded
network of molecules that originates low-density conformations similar to that of supercooled water (Lerbret et al.,
2005; Magazù et al., 2005, 2007, 2008b). In addition, as it is
shown in the figure, for the same concentration the integrated area values decrease. This allows us to state that a
more marked destructuring effect occurs in the presence of
trehalose rather than in the presence of sucrose or maltose.
The Raman scattering findings have been confirmed by
the ND results. It is known that the peaks at 2.3 and 3.8 Å in
the partial distribution function gHH are indicative of
intermolecular orientational correlations and are associated
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Figure 2 Decomposition of the isotropic spectra of the three
disaccharides at f = 0.09 into an ‘open’ and a ‘closed’ contribution. In
the insert the fractional open band intensity as a function of the molar
fraction for the three disaccharides in the concentration range
0 o f o 0.2 at T = 293 K is shown.

Figure 3 Partial distribution function gHH for trehalose aqueous
solutions at the concentration values corresponding to 40 and 20 H2O
molecules for each one of trehalose at T = 300 K.

with the tetrahedral coordination of water molecules (Soper
& Luzar, 1992; Soper, 2000). As it is evident in Figure 3, for
trehalose aqueous solutions at a concentration value corresponding to 40 H2O molecules for each one of trehalose at
T = 300 K, these peaks are shifted to slightly larger r values,
as in the case of pure water at elevated temperatures.
Furthermore the peak at 4.5 Å in gOO of pure water is
associated with the ‘degree of tetrahedrality’ (Soper & Luzar,
1992; Soper, 2000). In trehalose140 H2O at T = 300 K,
shown in Figure 4, this peak is absent and the general trend
is significantly distorted (Pagnotta et al., 2008).
The described Raman and ND results point out the
trehalose capability for distorting the hydrogen-bonded
network of water. In the food industry this function of
trehalose has important consequences. Because trehalose is a
hydrogen bond donor, its destructuring effect on the tetra-
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Figure 4 Partial distribution function gOO for trehalose aqueous
solutions at a concentration value corresponding to 40 H2O molecules
for each one of trehalose at T = 300 K.

hedral hydrogen bond network of water has a significant
effect in reducing the probability of ice formation and in
stabilizing biomolecules in food products during freeze- and
air-drying processes (Pollock & Holmstrom, 1951; Roser,
1991a, b; Van Dijck et al., 1995; Hiashiyama, 2002; Richards
et al., 2002; Zhou et al., 2006). As an example, trehalose has
been shown to effectively prevent the protein denaturation
of tilapia surimi during frozen storage (Zhou et al., 2006).
Trehalose (8% w/w) appeared to deliver better cryoprotection than the commercial blend (sucrose/sorbitol, 1:1),
therefore, trehalose can be used as alternative cryoprotectants in surimi due to its low sweetness and caloric value.
Let us analyse the dynamical properties of disaccharide/
water solutions. It is important to notice that in the
investigated mixtures no protons from bulk water are
present only protons of the disaccharide molecule and of
its hydration shells (Magazù et al., 2006, 2008b; Magazù &
Migliardo, 2007).
The spectra have been analysed using the fitting function:


1 G1 ðQÞ
Sinc ðQ; oÞ ¼AðQÞ fdisaccharide FðQÞ
p G21 ðQÞ þ o2

1 G2 ðQÞ
þð1  FðQÞÞ
p G22 ðQÞ þ o2
1 G3 ðQÞ
þ fhydr
p G23 ðQÞ þ o2

ð2Þ

where the first two terms refer to the translational and
rotational contribution of hydrated disaccharide (fdisaccharide
and fhydr represent fraction factors of the total scattering
from disaccharide and its strongly bonded water molecules),
and the third one refers to hydration water
(fdisaccharide1fhydr = 1). Therefore information on the
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G1 ðQÞ ¼ Ds Q2 =ð1 þ Ds Q2 tÞ

ð3Þ

where Ds is the self-diffusion coefficient of the molecule and
t is the residence time.
The jump diffusion model assumes that the diffusive
particle remains in a given site for a time t, where it vibrates
around a centre of equilibrium. After t, it moves rapidly to a
new position separated by the vector l from its original site.
The RJD model furnishes for the diffusion coefficient and
the residence time values of Ds = 1.58  106 cm2 s1 and
t = 12.9 ps for trehalose and Ds = 2.19  106 cm2 s1 and
t = 11.8 ps for sucrose at T = 320 K. Furthermore from the
relation hl2 i = 6Dt, we can estimate the mean jump length
hli values, obtaining the value hl2 i 1/2 = 1.2 Å for the two
disaccharides. As far as the rotational contribution is concerned, the fitting procedure furnishes G2 values nearly
constant with Q (G259 meV for trehalose and G289 meV
for sucrose), in agreement with the rotational model requirement. As far as water dynamics are concerned, the
G3(Q) component dominates changes in broadening for all
Q. In Figure 6 the G3(Q) behaviour, that in this model is
referred to as hydration water, is reported together with the
best fit according to the RJD model. For the diffusion
coefficient of water in the investigated solutions we obtained
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Figure 5 Line width of the translational contribution as a function of
Q2 for trehalose and sucrose at T = 320 K. The fitting lines are obtained
according to the random jump diffusion model [equation (3)].
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Figure 6 Line width of the translational contribution as a function of
Q2 for water at T = 320 K. The fitting lines are obtained according to the
random jump diffusion model [equation (3)].
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at T = 320 K the value of Dw = 1.49  105 cm2 s1 for trehalose solution and Dw = 1.68  105 cm2 s1 for sucrose solution, with the values of residence times of t = 3.4 and 2.8 ps
for trehalose and sucrose solutions, respectively, obtaining
for the mean jump length hli the value hl2 i 1/2 = 1.7 Å. The
whole water dynamics resembles that of water at 267 K in
the case of trehalose solution and at 277 K in the case of
sucrose solution, indicating that the water has a diffusive
behaviour strongly triggered by the disaccharide molecules
and suffers of a noticeable freezing effect (Magazù et al.,
2006, 2008b; Magazù & Migliardo, 2007). In Figure 7 the
diffusion coefficient and residence time as a function of
temperature for trehalose in comparison with water is
shown.
These QENS findings confirm the strong influence of
trehalose on water, so highlighting also the alterations of
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diffusive dynamics of disaccharide can be obtained by
analysing the disaccharide1D2O spectra analysis for which
the fhydr results negligible.
The line width of the translational contribution as a
function of Q2 follows a typical random jump diffusion
(RJD) model, as shown in Figure 5 (Magazù et al., 2006,
2008b; Magazù & Migliardo, 2007):
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Figure 7 Diffusion coefficient and residence time as a function of
temperature for trehalose in comparison with water.
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IðQ; tÞ ﬃ



Q2
xa exp  hra2 i½1  Ca ðtÞ
3
a¼1

N
X

ð4Þ

where hra2 i is the equilibrium mean-square displacement,
Ca(t) stationary position relaxation function. The incoherent dynamic structure factor Sinc(Q,o) is composed by two
contributions: an elastic contribution Selinc ðQÞ ¼ Sinc ðQ; o ¼
0Þ ¼ IðQ; 1ÞdðoÞ ﬃ IðQ; tÞ (t being the experimental resolution time), and a quasielastic contribution that involves
energies Zo 4 0 (Magazù et al., 2004, 2008a, b; Magazù &
Migliardo, 2007; Varga et al., 2008).
The mean-square displacement, hu2 i, which takes into
account fluctuations of all particles in the investigated
system, is given by
dfln½Selinc ðQÞg 
hu i ¼ 3

dQ2
Q¼0
N
X
¼
xa hra2 i½1  Ca ðtÞ

amplitude hu2 i loc is defined as the difference between the
mean-square displacement of the ordered and disordered
phase:
hu2 iloc ¼ hu2 ianharm  hu2 iharm

M¼

dðu20 =hu2 iloc Þ 

dðTg =TÞ T¼Tgþ
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ð5Þ
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From equation (7) using the parameter fit hu2 i loc, we
evaluate a fragility parameter M for all the investigated
systems, obtaining the result shown in Figure 9. It is
significant to observe the reported values indicate that the
present operative definition for fragility furnishes an excellent direct proportionality between M and m. Although in

2

Nonetheless, for a given experiment Ca(t) is a constant
that rescales the observed mean-square displacement, and
hence Ca(t) = 0 can be assumed. For simplicity in the
present analysis the assumption that all particles are dynamically equivalent will be made, therefore in the previous
equations xa has been assumed to be equal to 1.
Figure 8 shows the mean-square displacements for trehalose and sucrose/H2O mixtures for two concentration values
as a function of temperature. If we define the mean-square

ð6Þ

A new operative definition to characterize the ‘fragility’
degree by ENS can be introduced:

<u2> / 6 (Å2)

water dynamics in presence of trehalose. This property,
together with the capability to affect the structural arrangement of water, can be summarized by the kosmotrope
nature of trehalose solute, which imposes a different order
to water molecules. This peculiarity is related to the cryoprotective effect of trehalose in cryopreservation. It is known
(Roser, 1991a; Hiashiyama, 2002; Richards et al., 2002; Patist
& Zoerb, 2005; Duong et al., 2006; Zhou et al., 2006) that in
the food industry some microorganism cultures, before
being used for industrial fermentations, are stored under
particular conditions which increase the sensitivity of microorganisms to cryogenic stress resulting in significant cell
injury and death and ultimately reducing productivity or
activity. For example, it has been shown that the survival of
Lactobacillus acidophilus increased concomitantly with increasing concentration of trehalose in a dose-dependent
manner with survival appearing to be optimal in 20%
trehalose (Duong et al., 2006).
Let us analyse another effect of the presence of trehalose
on the water dynamics. It is known that the ENS intensity is
a combination of several Gaussian functions:
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Fragility parameter M as a function of m.
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ds
dO
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where the term h[P(Q)]2 i is the form factor and contains
information about the size, the shape and the internal
structure of the molecule.
 Q2 R2
The Guinier relation, FðQÞ ¼ Dr2 ðV 0 Þ2 exp  3 g ,
where V 0 is the volume of the particle and Rg is the gyration
radius, can be used to get only information about the size,
for Q values smaller than the inverse of the characteristic
dimensions of the particle. Figure 10 shows the Guinier plot
for lysozyme/D2O/trehalose solutions for T = 310 and 333 K.
The values obtained for the gyration radius are: Rg = 11.8 Å
for lysozyme/D2O solutions at T = 310 K and Rg = 12.6 Å at
T = 333 K, and Rg = 16.2 Å for lysozyme/D2O/trehalose solutions at T = 310 K and Rg = 16.4 Å at T = 333 K.
Because an increase of the dimensions of the protein in
presence of trehalose is evident, we can conclude that
trehalose creates a continuous network among the units of
lysozyme. In addition, by increasing the temperature, the
value of the gyration radius is not changed, this
–1.5
(a)
Lysozyme / D2O / trehalose
T=310K

ln (intensity)

–2.0
–2.5
–3.0
–3.5
–4.0
–4.5
0.00

0.02

0.04

0.06

0.08

Q2 (Å–2)
–1.5
(b)
Lysozyme / D2O / trehalose
T=333K

–2.0
ln (intensity)

principle it is not necessary, it can be useful to characterize a
wide temperature range both for a good numeric evaluation
of fragility, through m and M, and to highlight possible
anomalies. The new procedure allows to compare M values
for different compounds but also establishes a connection
between a macroscopic parameter (viscosity) and a nanoscopic one (mean-square displacement).
Although all the three disaccharides/H2O mixtures are
considered as ‘intermediate’ systems in the Angell strongfragile classification scheme (Angell et al., 1994; Angell,
1997), the trehalose/H2O mixture is stronger than the other
two investigated systems and shows a higher glass transition
temperature Tg in comparison with its homologous. This
means that that the trehalose/H2O mixture is characterized
with respect to the maltose/H2O and sucrose/H2O mixtures
by a higher resistance to local structural changes when
temperature decreases towards the glass transition value. In
this context the ‘strongest’ character of trehalose/H2O
mixture can justify its better effect with respect to maltose
and sucrose/H2O mixtures for encapsulating biostructures
with protective glassy shell (Magazù et al., 2004, 2008a, b;
Magazù & Migliardo, 2007; Varga et al., 2008).
The results described above which describe the glassforming properties of trehalose are strictly linked to the
action of the disaccharide as a shelf life extending compound (Hiashiyama, 2002; Richards et al., 2002; Patist &
Zoerb, 2005). One of the properties of food products, which
determine their stability, is Tg. With increasing temperature,
a food system passes from a stable state (below Tg) to a state
where the system is more and more unstable following the
increase of the temperature gap between the glass transition
and the storage temperature. By overcoming Tg, in the case
of dried proteins embedded in a glass, for example, molecular motions are physically constrained. Because water can
act as a strong plasticizer, as highlighted by the ENS results,
the Tg decreases with increasing water and therefore one can
conclude that the high Tg value of trehalose increases the
bioprotective effectiveness of the disaccharide in the anhydrous state. These results point to a cryptobiotic action for
trehalose, which is capable of protecting food products in a
more rigid glassy shell, so preserving also their safety.
Let us investigate the effect of the presence of trehalose on
the conformational properties of a well-known protein,
lysozyme, under thermal stress.
The SANS coherent scattering cross-section can be written as (Lindner, 1991; King, 1999)

–2.5
–3.0
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–4.0
–4.5
0.00
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0.04
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Q2 (Å–2)



¼ NDðQÞ þ NhjPi ðQÞji2 SðQÞ
coh

ð8Þ

Figure 10 Guinier plots for lysozyme/D2O/trehalose solutions for (a)
T = 310 K and (b) T = 333 K.
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circumstance emphasizing the stabilizing effect of trehalose
on lysozyme.
It is known that trehalose effectively stabilizes food
products, so preventing protein denaturation, starch retrogradation and lipid degradation (Crowe et al., 1987; Van
Dijck et al., 1995; Richards et al., 2002; Patist & Zoerb, 2005)
and maintaining food safety and quality. In this context the
SANS results point out to increased stability of lysozyme
under thermal stress in the presence of trehalose, so justifying the key-role of this disaccharide in food industry.

Spectroscopic study of trehalose bioprotection

of molecular mechanisms of bioprotection in droughtresistant plants’).
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Conclusions
In this review the bioprotective effectiveness of trehalose was
investigated by moving from the analysis of relevant properties of trehalose to link the effect of its presence on the
structural and dynamical properties of water and on protein
denaturation to the usefulness of trehalose in food industry,
which in turn, increases food safety and quality.
It has been emphasized by Raman and neuron scattering
(NS) findings that trehalose is capable of imposing an order
on the tetrahedral hydrogen bond network of water, so
revealing a strong kosmotrope character. This aspect of
trehalose action is confirmed by the QENS results, which
reveal that the dynamics of disaccharides and water are
strongly coupled, because the diffusion of water in trehalose
solutions is strongly slowed down. These results clarify the
mechanisms responsible for the cryobiotic effect of trehalose
and explain its role in freezing, freeze-drying and lyophilization processes used in food production and storage.
The glass-forming properties of trehalose have been
described by the ENS results, which show the cryptobiotic
capability of trehalose in protecting biomolecules in rigid
glassy shell. These properties are closely linked with the
capability of trehalose for inhibiting the denaturation processes of biomolecules. The SANS results which were
presented highlight the capability of trehalose for significantly inhibiting the swelling of lysozyme induced by
thermal stress.
The experimental evidence has identifies the stabilizing
action of trehalose in food products which justifies its use
for maintaining the food quality and safety.
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