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Pectin is a natural polysaccharide 
widely used in fruit-based 
confectionery products to create 
desirable texture, stability and 
mouthfeel.

Functionality depends on structural 
characteristics and interaction with 
formulation and processing 
parameters.

Property
High Methoxyl 

Pectin
(HM)

Low Methoxyl 
Pectin
(LM)

Degree of 
esterification > 50% < 50%

Gelation Sugar + Acid Calcium ions
Sugar 
requirement High Low

Ph dependency High Moderate to high

Typical 
applications

Jams, jellies, 
marmalades

Reduced-sugar
products, fruit
preparations, 
dairy systems

Texture Firm, brittle Soft, elastic

Provides desirable texture and stability
Works in wide range of pH and Brix value
Compatible with clean label concepts
Enables sugar reduction strategies
Improves process efficiency and product quantity

Pectin functionality is strongly
dependent on its degree of
esterification.

HM nad LM pectins rely on diffrent
gelation mechanisms.

Sugar, pH and Calcium play critical
roles in gel formation and texture.

Hydration and processing
conditions can significantly influence
pectin performance.

The optimum pectin system is
application and process-dependent.

Pectin type

Molecular interactions

Gel network

Water retention

Texture

Consumer perception

Schematic Representation of Gelation Mechanisms for HM and LM Pectin. The top panel shows HM pectin gelation in an 
acidic, high-sugar environment. The bottom panel illustrates the LM pectin “egg-box” model, where calcium ions bridge 
adjacent pectin chains through ionic interactions with free carboxylate groups. 

Mouthfeel

Cohesiveness

Elasticity

Firmness

DE determines the gelation 
mechanism and strongly influences 
texture.

Degree of 
esterification

(DE)
DE > 50%
HM pectin

DE < 50%
LM pectin

Too low pH---pectin degradation, weak, less stable gel
Too high pH---repulsion remains high, weak gel

Soluble solids
increase(°Brix)

Pectin-pectin
increase

Gel network 
formation
improves

Effect of Sugar---Mainly for HM pectin

Effect of Calcium---for LM pectin
Calcium

concentration

Insufficient
cross-linking

Weak gel

Strong, elastic gel
Desiable texture

Over-cross-linked
Brittle, rubbery gel

Sugar increases soluble solids, improves water binding and gel network.

Calcium is essential for gel formation;optimal levels give the best texture.
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Physical stability of dried foods is governed by
interrelated physicochemical properties.

Water Activity (aw): Controls available water
for reactions and microbial growth.

Glass Transition Temperature (Tg): Marks
boundary between glassy and rubbery states.

Hygroscopicity: Determines moisture sorption
behavior from the environment.

A clear understanding of these parameters is
essential for designing stable, high-quality dried
foods.

1. INTRODUCTION

Water Activity (aw)
- Ratio of vapor pressure of water in food to 

pure water (0-1).
- Indicates unbound water available for 

chemical & microbial reactions.

Glass transition Temperature (Tg)
- Temp at which amorphous materials change 

from hard glassy state to soft rubbery state.
- Below Tg: Low molecular mobility (Glassy).
- Above Tg: High molecular mobility (Rubbery).

Hygroscopicity
- Tendency to absorb moisture from 

environment.

2. KEY PHYSICAL PROPERTIES 3. INTERACTIONS (Tg, aw, HYGROSCOPICITY)

4. EFFECTS ON PHYSICAL STATE & QUALITY 5. MOISTURE SORPTION BEHAVIOR 6. PLASTICIZING EFFECT OF WATER

7. Tg DEPENDENCE ON MOISTURE CONTENT 8. HYGROSCOPIC MATERIALS: STORAGE RISKS 9. IMPLICATIONS FOR PROCESS DESIGN

10. TOOLS FOR PREDICTION AND DESIGN 11. APPLICATIONS IN DRIED FOOD SYSTEMS

Tg, aw, and hygroscopicity are interdependent 
and govern product stability.

Water acts as a plasticizer, lowering Tg and 
increasing molecular mobility.

Storing dried foods below Tg and at an 
appropriate aw prevents stickiness and caking.

Sorption isotherms and Tg prediction models are 
essential tools for process design.

Combining these parameters enables high-quality 
dried food production.

12. KEY TAKEAWAYS
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Moisture
content

Water Activity (aw)

Type III

Type II

Type I

Sorption isotherm types indicate 
interaction between water and the 
food matrix.

Type I: Strong interaction
Type II: Moderate interaction
Type III: Weak interaction

Isotherm type helps predict 
moisture uptake and define 

safe storage conditions.
Even small increases in moisture can significantly 

lower Tg and increase molecular mobility.

Water
Activity

(aw)

Hygroscopicity

Glass
Transition

Temperature
(Tg)

Product
Stability

Maintaining T < Tg and aw in a safe range is critical to 
preserve the glassy state and product stability.

1. INTRODUCTION
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Reaction: 

 

 

 

 

 

 

 

 
Resultats: 

Entry R1 R2 R3 Products 
(3) 

Conventional 
heating 

 
microwaves 

Time 
(h) 

Rdt 
(%) 

Time 
(min) 

Rdt 
(%) 

1 4-NO2 Me Me 3a 1 99 10 98 
2 4-NO2 Me OMe 3b 1 98 10 98 
3 4-NO2 Me OEt 3c 1 98 10 98 
4 4-NO2 ph ph 3d 1 97 10 98 
5 4-NO2 H 4,4-diMe-cycloexanone 3e 1 75 15 80 
6 4-NO2 H cycloexanone 3f 1 67 15 75 
7 H Me Me 4a 1 76 15 85 
8 OMe Me Me 5a 1 65 15 72 

 

 

USE OF CATALYTIC NANOMATERIALS FOR THE 
SYNTHESIS OF NITROGEN-CONTAINING 

HETEROCYCLES VIA 1,3-DIPOLAR CYCLOADDITION 
 

Introduction: 
1,2,3-Triazoles are valuable compounds 
widely applied in diverse are as of chemistry 
such as medicinal chemistry, agrochemistry, 
and materials chemistry. Therefore, several 
synthetic methods for preparing triazole 
derivatives have been developed in the past 
decades. In this paper, we report a facile and 
rapid pathway for the synthesis of 1,2,3-
triazoles through 1,3-dipolar cycloaddition 
reactions between aryl azides and activated 
alkenes using a new and recyclable 
nanocatalyst Cu/TiNTs system with 
recourse to less conventional activating 
systems than oil bath heating such as 
microwaves solvent free.1 

 

 

Conclusion: 

We have employed a new heterogeneous catalyst for the1,2,3-triazoles synthesis under 
conventional heating and microwave irradiation. The studied catalyst consists of copper 
nanoparticles supported on titanate nanotubes (Cu/TiNTs). A wide range of 1,2,3-triazoles have 
been synthesized with excellent yields obtained by both conventional heating and microwave 
irradiation conditions. Microwave irradiation dramatically reduces the reaction time. 
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Introduction
Non-toxic copper perovskites have recently been intensively studied as an alternative to toxic lead

perovskites used in optoelectronics, LEDs, displays, photodetectors, and other devices [1-6]. Of particular
interest are ternary compounds of potassium and copper halides, in particular K2CuCl3.

Most publications are devoted to various chemical methods for preparing K2CuCl3 and studying the
luminescence and scintillation properties of the compound.

This paper proposes a simpler method for producing thin K2CuCl3 films and investigates their excitonic
absorption spectrum. Unlike single crystals, thin films allow one to measure the transmission spectrum in the
intrinsic absorption region of the compound and identify even weak absorption bands.

Experiment
K2CuCl3 thin films were prepared by vacuum evaporation of a melt of a mixture of pure KCl and CuCl

powders of stoichiometric composition onto quartz substrates heated to 100 °C, followed by annealing of the
films for an hour at the same temperature. This method of producing ternary compounds thin films is based on
the fact that, as a rule, the melting temperature of ternary compounds is significantly lower than that of the
original components.

The absorption spectra were measured on an spectrophotometer in the spectral range of 2-6 eV at T = 90 K
and 290 K. In the region of the long-wave exciton band of K2CuCl3 (3.4-5.2 eV), the absorption spectrum was
measured in the temperature range 90-333 K.

The parameters of the long-wave exciton bands (the position of Em, the half-width Γ, and the value of the
imaginary part of the permittivity at the maximum of the band 2m=2(Em)) were determined directly from the
optical density spectrum using the technique of [3] by approximating the bands with two-oscillator
and one-oscillator symmetric contours, which are a linear combination of the Lorentz and Gaussian contours.
The parameters of the exciton bands (Em, Γ, and 2m) were found by the best matching of the experimental and
calculated contours.

lgD T= −

Results
The absorption spectra of a 365 nm thick K2CuCl3 thin film are shown in Fig. 1 for temperatures 90K (curve

1) and 287K (curve 2). An intense long-wave band A at 4.7 eV, a weak band B at 5.255 eV, and a band C at 6.2
eV are observed in the absorption spectrum of a K2CuCl3 thin film at T=90K. At a higher temperature the A and
B bands shift to the long-wave region of the spectrum, broaden, and weaken (Fig. 1), indicating their exciton
origin. Band C is little sensitive to temperature changes and apparently corresponds to the interband electron
transitions.

In terms of the spectrum structure and the position of the absorption bands, the K2CuCl3 spectrum is similar
to the spectra of Cu+ impurity ions in KCl and RbCl, in which intense bands are observed at 4.75 eV and 4.7 eV,
and weaker bands are observed at 5.3 eV and 5.29 eV, respectively [4]. Close positions of the main absorption
bands in the spectra of K2CuCl3, KCl:Cu+ and RbCl:Cu+ thin film (Table 1) and the similarity of their spectra
indicate a common nature of the absorption bands in the spectra of the compounds.

Fig. 1. Absorption spectra of a thin 
K2CuCl3 film: 1 – T = 90 K (solid curve) 
and 2 – T = 287 K (dashed line).

Table 1. Spectral position
of absorption bands in the
spectra of K2CuCl3,
KCl:Cu+ and RbCl:Cu+ thin
films, oscillator strength of
exciton bands A and B in
K2CuCl3.

Temperature changes in the oscillator strength of A and B
exciton bands in K2CuCl3 confirm this conclusion. The oscillator
strength of exciton band A, calculated for the volume of one Cu+

ion, decreases at a higher temperature from fA = 0.1523 at T = 90
K to fA = 0.145 at T = 287 K, while for band B, on the contrary, it
increases from 0.749 (90 K) to 0.821 (287 K) (Table 1). A
decrease in the oscillator strength of zero-phonon exciton bands
at a higher temperature is characteristic for ionic crystals, which
includes the studied compound K2CuCl3 [11, 12], which is what
we observe for band A. The increase in the oscillator strength of
exciton band B at a higher temperature is associated with an
additional lifting of the ban on the transition due to an
increase in temperature.

Fig. 1. Temperature dependence of
the spectral position Em(T) and of
the half-width Г(T) of the long-
wave exciton band A in a thin
K2CuCl3 film.

At a higher temperature band A shifts linearly to the low-
frequency region of the spectrum and broadens due to exciton-
phonon interaction (EPI) (Fig. 2, 3). The temperature coefficient
of the shift of band A is dEmА/dT= – (1,50.08)10-4 eV/K. Such a
value of dEmA/dT is typical for ionic crystals by order of
magnitude.

Conclusion
It was found that the exciton spectrum of K2CuCl3 thin films is 

caused by transitions in the Cu+ ion in a tetrahedral environment of Cl–

ions. According to the selection rules for the local group C2v, the 
intense long-wave exciton band in K2CuCl3 corresponds to the 
allowed transition, and the weak band B corresponds to the partially 
allowed transition .

The one-dimensional (1D) character of excitons in K2CuCl3 was 
determined from the analysis of the temperature dependence of the 
half-width of the long-wavelength exciton band A.
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Comparative Effects of Substituting Two Fats One Natural and One Industrial on Lipid 
Peroxidation in Rats Made Obese by A High-Fat

Diet
Sherazad Hamza-Reguig

❑Biochemical analyses
❑Serum total cholesterol (TC) and triacylglycerols (TG) were determined by colorimetric and enzymatic methods 
(Biocon Kits, Germany).
❑In adipose tissue: serum lipid peroxidation markers were analyzed (Thiobarbituric acid reactive substances (TBARS) 
evaluated according to Ohkawa et al., (1979) method and hydroperoxydes (HydP) contents by Cayman’s Assay Kit). 
❑Statistical analysis
Results are expressed as mean± SEM for 6 rats per group. Means were compared using Student's t-test.
(d60 vs d30)
SOm vs SO  / MgS vs Mg
**P<0.01;***P<0.001. MgS vs Mg: $P<0.05; $$P<0.01; $$ $P<0.001

INTRODUCTION

OBJECTIVES

MATERIEL & METHODES

RESULTS

CONCLUSIONS

❖High-fat diets are considered the standard for establishing rodent models of obesity and produce pathologies similar to those seen in humans. Indeed, in response to a
high-fat, high-calorie diet, rats develop obesity characterized by excess weigh even in the absence of excessive caloric intake, reflecting their high metabolic efficiency and
lipid accumulation in adipose tissue.

❖Originally conceived as a butter substitute, margarine formulations have evolved alongside scientific understanding; today, they offer well-established nutritional
benefits such as providing omega-3 and omega-6 fatty acids and plant sterols that are recognized for their cardioprotective effects. However, some studies indicate a
significant increase in cardiovascular (CV) risk associated with excessive dietary intake of trans fats which result from the industrial partial hydrogenation of vegetable oils
an effect that is even more pronounced than that of excessive fat intake in general.

the impact of replacing two dietary fats of different origin (industrial or natural) on dyslipidemia and lipid peroxidation of adipose tissue in obese rats

In obese rats, the substitution of sardine oil by margarine does not modulate the dyslipidemia, but it decreases lipid
peroxidation in adipose tissue and seems efficient in adipose tissue against the cytotoxic action and the oxidative stress
induced by a fat enriched diet.

Body weight
BW = 400 ± 10 g

Obese rats

lipid peroxidation

Replacing margarine with sardine oil has a beneficial 
effect on free radical attack by reducing lipid 

peroxidation

Group SO
(n=12)

Group Mg 
(n= 12)

Group MgS
(n= 6)

Group SOm
(n=6)

Fat substitution

30  days 60  days

At days 30 and 60
Animal sacrifice and blood 

collection
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Sardine fillets

centrifugation

Evisceration and washing

Grinding (manual)

Cooking (80–85°C; 20 min)

Pressing

Lipid fraction
(decantation)

Press juice

Sardine oil

Sardine oil extraction process
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Cholesterolemia and triglyceridemia did not
change significantly when sardine oil was
replaced by margarine. In contrast, the
substitution of margarine by sardine oil,
reduced cholesterol and triacylglycerols
levels (-35% and -57%, respectively).

Table 1– Cholesterolemia and triglyceridemia

d30 SO Mg
TC 1.64 ± 0.09 2.79 ± 0.69

TG 0.80 ± 0.03 1.25 ± 0.50

d 60 SOm MgS

TC 1.61 ± 0.19 1.82 ± 0.18$

TG 0.89 ± 0.06 0.54 ± 0.03$

0
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TBARS
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20
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TBARS levels were
reduced by 14% when
sardine oil was replaced
by margarine and by 18%
when margarine was
substituted by sardine
oil.
The replacement of
sardine oil by margarine
decreased
hydroperoxides levels (-
50%). However, these
values were increased
(+23%) when margarine
was replaced by sardine
oil.
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