EVALUATION OF PECTIN TYPES FOR TEXTURE DEVELOPMENT AND GELATION
# PERFORMANCE IN FRUIT-BASED CONFECTIONERY APPLICATIONS
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FROM MOLECULAR STRUCTURE TO TEXTURE: UNDERSTANDING PECTIN FOR BETTER CONFECTIONERY

1. INTRODUCTION 2. PECTIN STRUCTURE 3. HM vs. LM PECTIN

a-(1—-4)-linked D-galacturonic acid High Methoxyl Low Methoxyl
i : : Property Pectin Pectin
PeCtIn IS a natural p0|ysaCChar|de COOCH; COO" COO" cOO" (HM) (LM)
Wldely used N fruit-based Degree of Degree of > 50% < 50%
confectionery products to create seene esterification
desirable texture, stability and B ipaeses Gelation Sugar + Acid | Calcium ions
mouthfeel. DE < 50% Suga_r High Low
. D-Galacturonic acid LM pectin reqUIrement
, _ Ph dependency High Moderate to high
Functionality depends on structural @ Esterified D-Galacturonic acid
h teristi d int i ith Reduced-sugar
Characterstics anhd Interaction  wi @ Methoxyl group (~OCH;) Typical Jams, jellies, | products, fruit
formulation and processing . _ applications marmalades preparations,
parameters. DE determines the gelation dairy systems
mechanism and strongly influences Texture Firm, brittle Soft, elastic
texture.

4. GELATION MECHANISM

Acidic, sugary environment
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«Egg-box model»
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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.

5. EFFECT OF pH 6. EFFECT OF SUGAR & CALCIUM

Effect of Sugar---Mainly for HM pectin

7. FROM FORMULATON TO TEXTURE

Soluble solids Pectin- pect|n Gel network
pH decreases increase(® Br|x) increase formation . \l/
| 00 ALl o PP Pectin type
Carboxyl groups Electrostatic Chain association OO > @Q @ ‘ % X 'dy? v Firmness
protonated repulsion decreases increases O é——é—"* . -
) - o Molecular interactions
* Gel strength 1. Sugar increases soluble solids, improves water binding and gel network.
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1 Calcium is essential for gel formation;optimal levels give the best texture.

8. INDUSTRIAL APPLICATIONS IN
FRUIT-BASED CONFECTIONERY 9. KEY TAKEAWAYS 10. REFERENCES
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L] Provides desirable texture and stability

L. Works in wide range of pH and Brix value

L] Compatible with clean label concepts

L] Enables sugar reduction strategies

LJ Improves process efficiency and product quantity
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esterification.

1" HM nad LM pectins rely on diffrent
gelation mechanisms.

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

1. Hydration and processing
conditions can significantly influence
pectin performance.

1 The optimum pectin system is

application and process-dependent. @
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3. INTERACTIONS (Tg, aw, HYGROSCOP
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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.

4. EFFECTS ON PHYSICAL STATE & QUALITY

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.

5. MOISTURE SORPTION BEHAVIOR

Increase in moisture content
G - aw T

> Tgd

-> Higher molecular mobility

WhenT > Tg Glass Product
" Transition \ Stability
-> Transition to rubbery state Temperature
-> Stickiness, collapse, caking (Tg) Hygroscopicity
.: @ High hygroscopicity
& e ® — More moisture sorption

“>aw T andTgl
- Reduced stability

Water
Activity
(aw

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

6. PLASTICIZING EFFECT OF WATER

I
' food matrix. Type I11
Glassy |
State . .

i Type I: Strong interaction Type II
i : Type II: Moderate interaction
3 E Tg Type III: Weak interaction
=
3 /
p g Glass
~s Transition Type 1
0n 1 1 1
(7] } } ]
2 E {  Rubbery |
:...; E : Flow ; Moisture
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: Rubbery : h content
: State : : Viscous
Flow
v
Temperature (K) _—
GLASSY STATE GLASS TRANSITION (Tg) RUBBERY STATE RUBBERY & VISCOUS FLOW

Rigid and brittle material Transition region where Flexible material with

with high stiffness. stiffness drops rapidly. low stiffness. like a viscous liquid.

Sorption isotherm types indicate
interaction between water and the

Material flows; behaves

Isotherm type helps predict

7. Tg DEPENDENCE ON MOISTURE CONTENT

moisture uptake and define
safe storage conditions.

Water Activity (aw)

8. HYGROSCOPIC MATERIALS: STORAGE RISKS

100 4 ‘
\ As moisture content
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5 e 40 exponentially
;2
oA op- Storage * Risk of exceeding
® £ Temperature T
B |, |ssssssssssseigEsssressscs g at storage
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40 : : : ; : - * Product becomes

prone to stickiness,
caking and collapse
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Moisture Content (g water/100 g dry matter)

é Drying to a sufficiently low moisture content is essential
to keep Tg above the expected storage temperature.

10. TOOLS FOR PREDICTION AND DESIGN
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Moisture Increase in Decrease in Stickiness, Quality

sorption water activity glass transition caking, deterioration
(from air) (a,, 1) temperature (T;4)  texture loss

FACTORS INFLUENCING MOISTURE SORPTION
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Composition Matrix structure | Temperature Relative Packaging
(sugars, proteins, & porosity Humidity properties
fibers, etc.)

PACKAGE CAN ALSO ABSORB MOISTURE!

0« o ® .  Packaging materials are hygroscopic. 4) 0 0
° ® © . Moisture uptake by the package can increase a,,
° > ©®  inside the package.

* This can lead to reduced product stability.

11. APPLICATIONS IN DRIED FOOD SYSTEMS

Water acts as a plasticizer in amorphous foods

Low moisture
(low ay)

Increasing
moisture

Strong interactions
High Tg
Glassy state

High moisture
(high ay)

Weaker interactions

Lower Tg
Rubbery state

Even small increases in moisture can significantly
lower Tg and increase molecular mobility.

9. IMPLICATIONS FOR PROCESS DESIGN

Target safe moisture content
to achieve desired a, and Tg

Outcome

v Stable glassy state

Optimize drying conditions during storage

(temperature, time, airflow)

to prevent case hardening v Reduced caking
and quality loss A
and stickiness

Gentle drying preserves
structure and functional v Better texture

components retention
@ Consider material-specific v Extended shelf life
properties (isotherms, Tg model, X
thermal sensitivity) v ngh.er product
quality

12. KEY TAKEAWAYS

tate Di tion Isoth Tg Prediction Model . .
Siate Bissram pEpuch sotne E Teichion ope's Tg, aw, and hygroscopicity are interdependent
A i and govern product stability.
Rubbery ~ 5
: State g GAB Model ‘ \4 Water acts as a plasticizer, lowering Tg and
c
[ 3 z : . increasing molecular mobility.
9 p Gororiion . Fruit Powders  Vegetable Powders Instant Beverages  Dairy Powders 9 y
E 3 Kelley Model
i Glassy e | | Storing dried foods below Tg and at an
State £ | , ‘ ” appropriate aw prevents stickiness and caking.
Moisture Content / a,, aw j Sorption isotherms and Tg prediction models are
essential tools for process design.
Defines safe storage Predicts moisture uptake Estimate Tg as a function
region (T < Tg) at given RH of moisture content Combining these parameters enables high-quality
dried food production.
Herbs & Spices Snack Products Confectionery  Protein Ingredients
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Introduction

to its pleasant taste and nutnitional value. It contains various bioactive compounds, particularly phenolic compounds and antioxidants, which contribute to its potential health
hal extraction and juice-processing methods may cause the loss or degradation of these valuable compounds
n (UAE) 1s an emerging

Ultrasound-a

technique that uses ultrasonic waves to enhance mass transfer and improve the extraction of bioactive compounds This method can reduce extraction time and
¢y compared with conventional techniques Therefore, ultrasound treatment has the potential to improve the quality and functional properties of apple juice concentrate

his & i o 11 . use 0 ir 1¢ - nHor N - e

This study focuses on the use of ultrasound-assisted extraction and evaluates its effects on the physicochemical properties, antioxidant activaty, phenolic content, and overall quality of apple juice concentrate

rease extraction ¢

APPLE PRE- ULTRASOUND CONCENTRATION QUALITY STORAGE
UICE TREATMENT / CONTROL
Sre steri s S 19+ AN s Calwe Matey menterng

Methodology

Preparation of apple juice

Fresh ap vere purchased from the local market. Apples were washed with water, dricd with paper towels, and then were cut into four pieces withas steel knife, while seeds and stems were scparated from |,
the apples. Apple juice was extracted using a domestic juice and was smoothed using a cleaning cloth. Control samples were tested in order to the pasteunzation at 71°C for 6 s and stored in the refngerator (Abid et
al, 2013)
Total solids (Brix)
The total solid content was measured at 20 + 0.5°C using a refract meter (Abid et al, 2013)
pH
pH was measured at 20 + 0 5°C. pH meter was calit rated with a solution of a commercial buffer 4 and 7 (Abid et al, 2013)
Titratable acidity
Ten milliliter of the sample was poured into 250 ml of the beaker, and 90 ml of distilled water was added. The solution was titrated with a profit of 1/N to the endpoint of pH = 28 + 01 Titratable acidity was
obtained from the following equation (AOAC, 1999)
Total polyphenol content
The total content of phenolic was ¢ ut using two methods of spectrophotometry and Folin-Ciocalteau. Gallic acid was used as a standard (Boyer & Liu, 2004)
Total antioxidant capacity
Apple juice total antio pacity was measured in accordance with a procedure done by Oboh and Ademosun (2012), Ascorbic acid was used as standard, and the antioxidant capacity was measured compared to
i
Statistical analysis
Statistical analysis of treatments was carried out by the analysis of variance ( ANOVA) using SPSS16 software. A significant difference between means was determined at 0.05 by Duncan test.
Results and Discussion R

1 + E—
1. Determination of pH, acidity, and total solids changes o | —
The effect of ultrasound on pH, acidity, and total solids (Brix) of apple juice samples. There was no difference between the pH and
acidity of ultrasound treatments (bath and probe) and controls (p > 0.05). These results are consistent with the findings of T =
Walkling-Ribetro, Noct, Cronin, Lyng, and Morgan (2009) that observed no significant effect of combined treatment of electne w4
pulses and ultrasound on pH, acidity, and total solid contents of orange juice The findings of Abid et al (2013) also showed that
ultrasound does not cause significant changes in  pH, aadity, and total sohd content in apple juice 1

” 4
2. Assesment of total polyphenol and total antioxidant capacity changes
The results of the ultrasound on total polyphenols and total antioxidant capacity of apple juice samples is shown in < e =
Figures 2 Accordin fata obtained. there was no significant difference between ultrasound treatments and control samples
(p<005) 1 { ultrasound treatment were higher than at 40°C. Total polyphenols of apple juice samples treated
by ultrasoni her than an u nic bath (p < 0.05). Abid et al (2014) studied the effects of ultrasound on the total Figure 1.
polyphenol ¢ ce and observed significant difference between ultrasound and control samples (p < 0.05), and
ultrasound tre total polyphenols Also, increasing temperature from 40 10 60°C had a significant effect on these Bustracve starage verd
compound s more effective than an ultrasonic bath at 60°C. The findings of Abid et al (2013) showed a "
significant ir s of fruit jusces treated with ultrasound for 30, 60, and 90 min compared with the control. The o
probable rea significance of such phenolic compounds is probably due to escalating certain inappropnate
cell wa avitations and rapidly changing fluid pressure due to shear forces applied dunng ultrasound that
may release some polypher pounds and ultimately increase its availability in the juice Hydroxyl radical’s connection to Ri=———=
aromatic nng of phe ¢ compounds dunng asound through bubble blast may increase them in the apple juice It was also "+
reported that the increase in the antioxidant capacity of phenolic compounds is attnbuted to addition of the second group of w +
hydroxyl to ortho and ¢ tions. Increasing polyphenol oxidase activity in the ultrasound treatment may be another reason for |
the increase of these <« nds All these r s est that ultrasound of apple juice is beneficial for consumers from a
commercial sta ! t nt of nutntion . . j o

T A Y

3. Determination of cloud point and color changes Figure 2.
According to the results, there is a significant difference between the cloud point of control samples and Chitosan(p < 0.05) The
cloud point sltrasonic probe has increased compared 1o an ultrasonic bath (p < 0.05) In accordance with the findings of Abid ¢t -
al (2013), uitrasound trea ot significantly increased the cloud point in apple juice (p 0.05) Increase in cloud pownt of ~'

e aniad it e and Chitosan + ultrasound treatments is probably duc 10 the high-pressure Acknowledgements / References

gradient caused by cavita Jur § treatment That deplete colloids dispersion and decomposition of macromolecules s o = e |
nt ! ! ' Some studies suggest that ultrasound reduced molecular -e -
’ g e We ¥ < G i . =
weigh { pe by brealk at ecule and thercfore form a weak network Increases in temperature and l.“h. do not "
have ! L J ' A rd 10 research camed out by Fauh Enugay and Baslar (2014) on a . . .
s o Cloua Px f ( According 3 = : o 3
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Introduction

¢s has intensified interest in plant-based proteins and the valonzation of underutihized agncultural resources Oilseeds and nuts represent
esence of valuable ipids and other broactive compounds In particular, oilseed-denved meals and defatted fractions, which are traditionally
Iy directed toward relatively low-value applications, have gained increasing attention as potential sources of value- added plant protein ingredients
) The production of protein-nch fractions from oilseeds and nuts commonly requires efficient hpid removal prior to further protein processing Conventional defatting 15
r anic solvent extraction, with hexane being widely used at industnal scale Despite its efficiency, conventional solvent-based processing raises environmental,
wsive thermal treatment that can affect protein structure and functionality (Zhang et al, 2023)

tion has emerged as

1and for sustainable and high-quality protein sc

sources duc to the

Ir su

13l protein content and the pr

s of o1l production and frequ

R

fue concer
1duc concemns 2

mnvolver

Superenucal carbon dioxide (SC-CO2) entrac

an attractive altermative for the selective removal of lipophilic components from plant matnces Its tunable solvent propertics, high selectibity,
ration from the extracted matenal make SC-CO2 particularly suntable for cleancr ipid extraction and defatting processes (Ahangan ct al, 2021). Importantly,
ancously increase the relative protein concentration of the residual sohd fraction, enabling the gencration of protein-nch product fractions while recovenng valuable oil as a co-

peratures, and casy sep

product (Y

In this study

»0). sunflower seed (/. 1th,

us Annuus), sweet apricot kemel (Prunus Armemaca), and hazelnut (Conylus Avellana) were iny estigated as multipurpose raw matenals for SC-
al of SC-CO2 extraction for lipid removal and the production of protein-rich fractions, while simultancously recovenng valuable oil fractions This approach

ponent valonzation strategy 1in which protein and hipid fractions are recovered from the same agncultural resources, contnbuting to improved resource efficiency and the development of more
sustainable plant-protein production pathway s

F

CO2 processing 15 10 evalu

establis

s a multi<

|

E. - o Protein-Rich Multi- component
L Pt = oo ‘ - Oil Recovery * Fraction Valorization

Methodology

Preparation of Protein-Rich Fractions- Oil Extraction
Pumpkin seed (Cuc

1 pepo). sunflower seed (Helianthus annus). sweet apricot Kemel (Prunus armemica) and hazelnut (Convlus avellana) were subjected to supercntical CO, Extraction under optimized

15 to remove hipids and obtain protein-nch solid fractions Following extraction, the recovered sohd fractions were milled and chactenzed (Yang et al, 2024)
Protein and Residual Oil Content

processing conditior

Crude protein content was determined using the Kjeldahl method (AOAC 200111, while residual o1l content was analyzed by Soxhlet extraction (AOAC 920 85)
Extraction Yicld

Protein en

}
chr

ent was evaluated by comparing the protein contents of the raw matenal and the corresponding defatted fractions Oil yield and mass balance calculations were also performed to assess the cfficiency
of the SC-CO2 process
Oil Fraction

Recovered oils were chactenized for peroxide value (AOAC 965 33) and free fatty acid content (as oleic acid) (aoac 940 28) to assess their oxidative quality and hydrolytic stability

Results and Discussion

1. Protein Enrichment via Lipid Removal

Pilot scale SC-CO? extraction performed at 280 bar and 45 “C, without the use of a co-solvent, effectively reduced the hipid
content of all investigated raw matenals to <2% in the resulung solid fractions This cfficient hiprd removal was accompanied by a
substantial increase in relative protein concentration

Protein content increased from 32% to 70% in pumpkin seed, from 18% to £3% in sunflower seed, from 24% to 58% in sweet

(e
RS

apnicot kemel, and from 15% to 50% n hazelnut. Pumpkin sced exhibited the highest final protein concentration (70%),
followed by apricot kemel (88%), sunflower sced (53%), and hazelnut (50%). The incr

cased in protein content from 18%6 to $3%

observed in the present study 1s consistent with the findings of Frioll et al (2023), who reported approximately 55% protein in

sunflower flour obtamned following SC-CO, assited defatung Figure 2.
2. Process Performance and Product Recovery hpe Peroxide, meq O2kg Acid Value, KOH/g
The extraction was performed ina S-1 pilot-scale extractor usir 2 Skgofeach l.l\: matenal for each process. Static extraction Pumphin Sced <30 <90
times were | h for pumpkin seed, and apncot kernel, 1.5 h for sunflower seed, and 2 h for hazelnut, followed by dynamic + —
extraction for 4, S, 6, and 8 h, respectively Sunflower Seed | <62 <7.0
pricot Kernel <3.5 <45

The obtained protein-nch fractions were approximately 1.4 kg for pumpkin sced, 1.3 kg for apnicot kermnel, 1 15 kg for sunflower —_ .
seed. and 0,9 kg for hazelnut The consistent reduction of lipid content to below 2% across all matnces demostrates the | Hazelnut = 20 <55
applicabihity of SC-CO, for eflicient defatting and protein ennchment

: £ Figure 3.

1. 011 Quality and Multi Component Valorization

The recovered lipid fractions exhibited peroxide values below 7 meq Ogkg and acid values below 10 mg KOW/g indicatng ACkno‘Vledgements / References

limited oxidative and hydrolytic detenoration under the applicd extraction conditions | Toutirass 1. W
ou Wa

(2024) Are otlseeds a new altemative
. . protein source for human nutntio od & Function, 4;18, 2366-2380
Overall, the simultancous production of protein-rich sohd fracions and recoverable hipid fractions demostrates the potential of 3 Zhane MW O CuS 7 L ZhaoL . (2023) C
) X 2 Zhang M, Wang 1 Zhao hao (2023) Composition,
SC-CO. extraction as a sustamnable multi-component valonzation strategy for oilseeds nad nuts The process therefore enables the p I o | . I Corl ﬁd \
: £ functional propertics, health benefits and apphications of oilseed protein
conversion of a single agncultural raw matenal into multiple value-added fractions, improving overall resource utihizaton ' oy N Lk
) Stematic review PR nternanon!, 171, 113061
T T A Ahangan H, King W J | Fhsam ouschi M (202 3
[ Iype Init, Prot. Cont., *s Final Prot. Cont., *» [ Ehsam A Yousefi M (2021). Supercritical fluid
| I | o seed otls- A short review of current trends. Trends in Food
Pumphin Seed 32 { 70 Sce & T 111, 249260
[ T 1 4. Yang ) et cgates induce 3 0N an
Sunflower Seed ™ 3 ‘ al ] s gates induces by extraction and
| | | fract 1ION proxe y Impact w-functional properties. Food
tpricot Kernel S8 " 188, 110223
t 1 | S holleS P AN I Chaves ), Siva B M, Goldbeck R, Galland
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INTRODUCTION

d toc d h antioxidant,
Anthocyanins are bioactive flavonor compounds widely distributed in berries and other plant-derived toods, and their potential health benefits have been associated wit tio.

d
ti-inflammatory, and cardiometabolic effects. Importantly both the total anthocyanin content and the specific anthocyanin profile may Influence the biological properties of
anti-i r atory, and ca et C A
anthocyanin-rich extracts
Aronia (Aronia melanocarpa) is a rich source of anthocyanins and other bioactive compounds, making it a promising natural source for the development of anthocyanin-rich functional
ingredients. In this study, an extraction process was developed and optimized to obtain a high-anthocyanin Aronia extract from the fruit matrix. Different processing parameters were

evaluated to maximize anthocyanin recovery and obtain a standardized extract with a high anthocyanin content

The health-promoting potential of berry extracts is closely related to their phytochemical composition, particularly their anthocyanin content and profile. Although chokeberry (Aronia
melanocarpa) and elderberry (Sambucus nigra) are both rich sources of anthocyanins, differences in the composition and relative abundance of individual anthocyanins may result in
distinct biological effects

3.3 Total Phenolic Content

Sample mg GAE /100 g extract
2.1 Materials Elderbery Anthocyanin Extract 16245,51552
Aronia fresh fruit was sourced from a supplier in Turkey. The elderberry was sourced from Aronia Anthocyanin Extract 8157,6489

the Dohler factory in Neunkirchen

Tatle 1 Total polyphencis content of elderbery extract and aronia extract

4. Product Stability
Day 3, +4C Day 7 +4C

Day 0 a N - =
A
|

2.2 Methods 2
2.2.1 Extraction

Mo

Orea

|
l Aronia
'J »w

D

‘ \
ay 3, 37C Day 7, 37C
N

Elderberry and aronia anthocyanin concentrates are processed using the same production
workflow. Clear fruit juice concentrate is produced first; subsequently, the product is
treated with adsorber resin to standardize the anthocyanin content
2.2.2 Total anthocyanin content - - - -
The pH differential method (Lee,2005) was used with some modifications to determine Aronia [ld(-rb)ery

L7A % NS,
the anthocyanin content 0,204% 0,224% $ma e

P e
o
of the samples
2.2.3 Anthocyanin Profile
Anthocyanin profiles were analyzed by HPLC-DAD using a C18 reversed-phase column and \
a gradient of acidified water and acetonitrile. Detection was performed at 520 nm { |
2.2.4 Total Phenolic Content o i Elderberry

otal phenolic content was determined by the Folin-Ciocalteu method, using gallic acid as
the calibration standard. Absorbance was measured at 765 nm, and results were

expressed as mg GAE/g extract /
2.2.5 Product Stability '
Stability was assessed by monitoring the physical characteristics of the samples during 7

days of storage at 37 "C and 4 "C. Changes in color, clarity, and overall visual appearance

were evaluated at predetermined time points

Elderberry

.RESULTS AND DISCUSSION Fevn s g 4 6>

3.1 Total anthocyanin content

In conclusion, Both elderberry and aronia anthocyanin extracts demonstrated

= anthocyanin contents above 10%, highlighting their potential as valuable sources of
natural anthocyanins. Due to their antioxidant and other potential health promoting
properties, these extracts can be incorporated into a wide range of functional food,
beverage, nutraceutical, and dietary supplement applications. They may also be used as
natural ingredient in products such as fruit beverages, functional drinks, gummies,
capsules, and other food formulations
However, from a stability perspective, aronia anthocyanin extracts showed greater
stability compared with elderberry extracts. This higher stability may provide an
advantage during processing and storage, supporting their use in products where
maintaining anthocyanin content and color quality over time is important. Overall, both
sources offer promising opportunities for the development of anthocyanin-rich

_‘ . - functional products, while aronia may provide an additional advantage in terms of

Figure 3 Comparnon of 1esuts 1or arona Bnthocy arin en1ract and elderberry anthocyanin estr

3.2 Anthocyanin Profile
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MALT EXTRACTS:
A CLEAN-LABEL ALTERNATIVE TO CARAMEL COLOUR

Gulfem Guneydere, Pinar Anil Hacidogan, Sule Mete
Member of Colour TIP, Karaman, Turkey Team lead of Colour TIP, Karaman, Turkey Manager of Colour TIP, Karaman, Turkey

Dohler Gida San. A.S. Karaman, Turkey

¢ caramelized and roasted flavor profiles. The results showed that both malt source ar d
ation performance Conventional malt extract demonstrated a balanced color and flavor
cialized formulations. Percolation malt extract showed the highest coloring potential for
malt extracts represent promising multifunctional alternatives to E150D by combining

RESULTS & DISCUSSION

At pilot scale, the percolation process successfully achieved a colour Intensity
of 12,000 EBC, demonstrating the potential of this approach for the
production of brown extracts intended for turbid emulsions. In the next stage

nd beverage industry to provide dark

an-label products has increased the

performance. Malt-derived

vide both brown color and of the project, the optimised process will be applied to alternative roasted raw
study, conventional malt extract materials, Including corn, barley, and wheat, with the aim of achieving
were evaluated as potential natural comparable colour Intensity and a concentration of approximately 65 °Brix

after evaporation. Different process conditions, such as temperature and raw
material-to-water ratio, will be further evaluated to determine their effects on
colour extraction, turbidity, extraction yleld, and overall product performance
MATERIALS AND METHODS In addition, separator, filter paper, and centrifugation will be compared to
identify the most effective clarification method for obtaining a stable and
sultable extract. The use of alternative raw materials Is expected to reduce
dependence on malt, Increase production flexibllity, and provide potential cost
1 raw matenal-to-water ratios. The resulting extracts will be advantages. Overall, the results are expected to support the development of
n approaches: a separator, filter paper, and centrifugation. For a standardised, cost-effective, and commercially applicable production
olour (EBC), turbidity, extraction yield, and processing cost will be process for turbid brown emulsions without compromising the required colour
*d. The results will be used to determine the optimal process and quality parameters.
fy the mc st-effective production method

P stion expenments will be conducted using roasted raw maternials, Including malt,
Process conditions will be systematically varied by testing

Table 1. Results

Figure 1. Flow chart

B Product EBC (Colour) Brix | pH
Raw Material _] Target 15000-18000 55 8,5-10,5
(Barley Malt) [ Grinding Extraction
Caramel E150d  46000-48000 65 2,7-3,3
‘ Malt Extract  15000-18000 53 3-5

Figure 3. Caramel color (E150d) & Malt Extract Comparison

e
\ i -

APPLICATION
elope pr t ntended for use In applications where colour uniformity and
J| apg o are t critical, particularly in turbid products. Potential application
t food, and othe d products where the pro
Extract Malt E1500
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RECOVERY OF POST-PROCCESSING FOOD WASTE AS DIETARY FIBER AND THEIR
CONVERSION INTO VALUE-ADDED PRODUCTS

Mijde Elif BOZKURT'2, Asst. Prof. Dr. Evrim

Dahler Gida Sanavi A S, Karaman, Trkaye, ? Faculty of Engineenn

Summary

Food industry by-products such as peels, pulp. seeds, and pomace
are increasingly recognized as valuable sources of dictary fiber.
Through appropnate processing methods, these materials can be
recovered and transformed into functional food ingredients with

improved  nutntional  and  technological  properties.  Their
valonzation helps reduce food waste, supports sustainable

production, and contributes to the circular economy in the food
industry.

Introduction

Growing food production and consumption have led to increasing
amounts of food waste worldwide. Fruit and vegetable processing
by-products such as peels, pulp, stems, and sceds are now seen as
valuable raw matenials with high recovery potential. Using suitable
technologies to reprocess these maternials can reduce waste and
produce high-value ingredients. At the same time, consumer
demand for natural, healthy, functional, and convenient foods is
nsing. This has increased interest in dietary fiber-rich ingredients
for functional food development. Dictary fiber supports digestive
health, satiety, blood glucose and cholesterol control, and may help
lower the nsk of metabolic diseases.

Fruit and vegetable by-products are especially important because of

their  high  fiber content.  Dietary  fibers include  cellulose,
hemicellulose, pectin, and hignin, and are divided nto soluble and
insoluble types. Soluble fibers are associated with gelling and
thickening, while 1nsoluble fibers support bowel function and

digestive health.

Dictary Fiber
Typos ot
Distary Hibers
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Table 1. Main Components and Dietary Fiber Content (% DM) of Fruit

and Vegetable Processing Wastes

Boe Mol eter

Waste Pemacs Caversand
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£ Department of Food Engineening. Karamanoglu Mchmetbey University,
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@ Appropriate processing technologies are essential for the recovery of

Burcu UNCU KIRTIS?

! Karamanoglu Mchmetbey University, Faculty of Engineering. Department of Food Engineenng,

Suitable Processing Technologies and Methods

dictary fiber from fruit and vegetable by-products. Grinding and
micronization reduce particle size and improve dispersibility and
integration into food systems. Enzyme-assisted processing using
enzymes such as cellulases, hemicellulases, pectinases, and proteases
helps break down cell wall structures and release bound fiber. Pre-
treatments such as evaporation, distillation, washing, and blanching
can also support fiber recovery. Laboratory analyses are necessary to
determine dietary fiber content, nutritional value, and physicochemical
changes caused by processing.

>\ ,
el

Valorization of Food By-Products in Modern Food Applications:
Sustainability and Innovation

T

Dictary fibers are widely used as functional ingredients in food
products such as bakery items, beverages, dairy products, meat
products, and sauces. Soluble fibers are generally preferred for their
thickening and stabihizing properties, while insoluble fibers mainly
contribute to satiety and structural improvement. Fiber addition can
increase water-holding capacity, reduce fat content, and improve
texture.

Fruit and vegetable by-products such as banana peel, pear pomace,
apple  pomace, and grape pomace have been successfully
incorporated into products like cakes, yogurt drinks, and chocolate
spread to enhance nutritional and functional properties. These
ingredients can improve viscosity, stability, texture, and fiber
content, although high substitution levels may reduce sensory
acceptance. In meat products, dietary fibers can improve water-
holding capacity, reduce cooking loss, and enhance emulsion
stability and texture. However, excessive addition may negatively
affect color and sensory quality..

Joe — T

00

Conclusion

Food by-products are promising sources of dietary fiber that can be transformed
mto tunctional ingredients through suitable processing technologies. Their use
supports product innovation, improves nutritional quality, and contributes to
sustamnable and circular food production

LWT - Food Science aad Techaolog, 130 110431 hp 10,19
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oles are valuable compounds
plied in diverse are as of chemistry
s medicinal chemistry, agrochemistry,
materials chemistry. Therefore, several
synthetic methods for preparing triazole
derivatives have been developed in the past

R3

: A

decades. In this paper, we report a facile and LN \”‘7 \/‘R AR,
rapid pathway for the synthesis of 1,2,3- rE S
triazoles through 1,3-dipolar cycloaddition j’l\%m
reactions between aryl azides and activated it C R__ N B o
. ~ 8 )‘\)L
alkenes using a new and recyclable TP
nanocatalyst Cu/TiNTs system with & / \,
recourse to less conventional activating e, Q
systems than oil bath heating such as o >~ 0
microwaves solvent free. ! K & J\%y
Resultats:
Conventional
heating microwaves
Entry Rl R2 R3 P“’(‘;;‘“S
Time Rdt Time Rdt
(h) (%0) (min) (%0)
1 4-NO, Me Me 3a 1 99 10 98
2 4-NO, Me OMe 3b 1 98 10 98
3 4-NO, Me OEt 3¢ 1 98 10 98
4 4-NO, ph ph 3d 1 97 10 98
5 4-NO, H 4,4-diMe-cycloexanone 3e 1 75 15 80
6 4-NO, H cycloexanone 3f 1 67 15 75
7 H Me Me 4a 1 76 15 85
8 OMe Me Me Sa 1 65

15 72

ynthesized with excellent yields obtained by both conventional heating and micrc
tion conditions. Microwave irradiation dramatically reduces the reaction time.

!Samira Hamza-Reguig, Sarah Zeghada, Mounia-Aouicha Bouayed, Nawal Ameur, Nisserine Hamini Kadar,
Clara M. Gomez, Ghaniya Ferouani, Sumeya Bedrane, Bachir Redouane, Ghenia Bentabed Ababsa, Florence
Mongin. Reaction Kinetics, Mechanisms and Catalysis, 2025,138, 2329-2350.
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Introduction

Non-toxic copper perovskites have recently been intensively studied as an alternative to toxic lead
perovskites used 1n optoelectronics, LEDs, displays, photodetectors, and other devices [1-6]. Of particular
interest are ternary compounds of potassium and copper halides, in particular K,CuCl,.

Most publications are devoted to various chemical methods for preparing K,CuCl; and studying the
luminescence and scintillation properties of the compound.

This paper proposes a simpler method for producing thin K,CuCl; 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 1dentify even weak absorption bands.

Experiment

K,CuCl, 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 1s based on
the fact that, as a rule, the melting temperature of ternary compounds 1s significantly lower than that of the
original components.

The absorption spectra were measured on an spectrophotometer in the spectral range of 2-6 ¢V at 7= 90 K
and 290 K. In the region of the long-wave exciton band of K,CuCl; (3.4-5.2 €V), the absorption spectrum was
measured 1n the temperature range 90-333 K.

The parameters of the long-wave exciton bands (the position of £ _, the half-width I, and the value of the
imaginary part of the permittivity at the maximum of the band ¢, =¢,(E,)) were determined directly from the
optical density spectrum [) — — lg T 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 (£, , I, and g,, ) were found by the best matching of the experimental and
calculated contours.

The absorption spectra of a 365 nm thick K,CuCl; thin film are shown 1n Fig. 1 for temperatures 90K (curve
1) and 287K (curve 2). An intense long-wave band A at 4.7 ¢V, a weak band B at 5.255 ¢V, and a band C at 6.2
eV are observed 1n the absorption spectrum of a K,CuCl; 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 1s 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 K,CuCl,; spectrum 1s similar
to the spectra of Cu™ impurity 1ions in KCl and RbCl, in which intense bands are observed at 4.75 eV and 4.7 €V,
and weaker bands are observed at 5.3 eV and 5.29 eV, respectively [4]. Close positions of the main absorption
bands 1n the spectra of K,CuCl;, KCIl:Cu" and RbCl:Cu™ thin film (Table 1) and the similarity of their spectra
indicate a common nature of the absorption bands i1n the spectra of the compounds.

D Temperature changes 1n the oscillator strength of A and B
3 exciton bands in K,CuCl; confirm this conclusion. The oscillator
strength of exciton band A, calculated for the volume of one Cu™
15k ion, decreases at a higher temperature from f, = 0.1523 at 7'= 90
Ktof,=0.145 at T'= 287 K, while for band B, on the contrary, it
L r increases from 0.749 (90 K) to 0.821 (287 K) (Table 1). A
decrease 1n the oscillator strength of zero-phonon exciton bands
0.51 at a higher temperature 1s characteristic for 1onic crystals, which
0 includes the studied compound K,CuCl; [11, 12], which 1s what
2 we observe for band A. The increase 1n the oscillator strength of
exciton band B at a higher temperature 1s associated with an
Fig. 1. Absorption spectra of a thin additional lifting of the ban on the transition '4—E due to an
K,CuCl; film: 1 = 7'=90 K (solid curve) increase in temperature.
and 2 — T'= 287 K (dashed line).
Compound Eya. eV E, 5. eV 7 I Table 1. Spectral pqsition
K:CuCls, T=287K | 4.6 521 0.145 0.0821 of absorption bands in the
spectra of  K,CuCl,,
K>CuCls, T=90K 4.7 5.255 0.1523 0.0749 KC1l:Cu* and RbC1:Cu™ thin
KCl: Cu” 4.7 5.3 films, oscillator strength of
RbCL Cu- 175 599 exciton bands A and B 1n
K,CuCls.
E4€;\5/ At a higher temperature band A shifts linearly to the low-

frequency region of the spectrum and broadens due to exciton-

4.7t \-.\ phonon interaction (EPI) (Fig. 2, 3). The temperature coefficient
4 esl of the shift of band A is dE, ,/dT=—(1,51£0.08)-10* eV/K. Such a
| value of dE, ,/dT 1s typical for 1onic crystals by order of

4.6—b5 500 300 TK magnitude.

[,eV .
os| Conclusion
0.4+ / It was found that the exciton spectrum of K,CuCl; thin films 1s
caused by transitions in the Cu™ 10n 1n a tetrahedral environment of CI-

, . , 1ons. According to the selection rules for the local group C,,, the
100 200 300 TK intense long-wave exciton band in K,CuCl, corresponds to the
Fig. 1. Temperature dependence of allowed transition, and the weak band B corresponds to the partially

the spectral position E, (T) and of allowed transition .

0.3

the half-width T'(T) of the long- The one-dimensional (1D) character of excitons in K,CuCl; was
wave exciton band A in a thin  determined from the analysis of the temperature dependence of the
K,CuCl, film. 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
University of Science and Technology of Oran Mohamed BOUDIAF, Faculty of Natural and Life Sciences, Oran Algeria

INTRODUCTION

s*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 genera' e,
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the 1mpact of replacing two dietary fats of different origin (industrial o1 1) on dyslipidemia and lipid peroxidation of adipose tissue in obese rats
St THODES
60 d
Sardine oil extraction process
Group SOm & ™
Evisceration and washing (n=6) At days 30 and 60
{ Fat substitution J - Animal sacrifice and blood
l collection
Group MgS$
Grinding (manual) GroupMg ( fG) 8 N <
Body weight (n=12) n=
l BW =400+ 10g
Cooking (80-85°C; 20 min)
l 1Biochemical analyses
Pressing JSerum total cholesterol (TC) and triacylglycerols (TG) were determined by colorimetric and enzymatic methods
(Biocon Kits, Germany).
1 JdIn adipose tissue: serum lipid peroxidation markers were analyzed (Thiobarbituric acid reactive substances (TBARS)
Lipid fraction evaluated according to Ohkawa et al., (1979) method and hydroperoxydes (HydP) contents by Cayman’s Assay Kit).
S (decantation) Statistical analysis
Sardine fillets 1 Results are expressed as mean £ SEM for 6 rats per group. Means were compared using Student's t-test.
R —— (d60 vs d30)
Press juice <  centrifugation SOm vs SO / MgS vs Mg
**P<0,01;***P<0.001. Mg$S vs Mg: *P<0.05; $5P<0.01; %* *P<0.001

- 1
o

RESULTS

lipid peroxidation

d30 SO Mg / \ .
TBARS Hydroperoxides
1.64+0.09  2.79 £ 0.69 TBARS  levels  were g0 TP
reduced by 14% when 40 -
080 + 003 1925 + 050 sardine oil was replaced > 30 - "f* o 8s 40
by margarine and by 18% g o0 - : sk sss
d 60 SOm MgS when margarine was E 0 20 - S
substituted by sardine
161+0.19  1.82+0.18 oil. 0 0
0.89+0.06  0.54 +0.03% The "SR Of
sardine oil by margarine

decreased

‘ hydroperoxides levels (- ‘
50%).

However, these

e - values were increased - N
Cholesterolemia and triglyceridemia did not (+23%) when margarine . . . . . . -
change significantly when sardine oil was was replaced by sardine Replacing margarine with sardine oil has a beneficial
replaced by margarine. In contrast, the !il. / effect on free radical attack by reducing lipid
substitution of margarine by sardine oil, peroxidation
reduced cholesterol and triacylglycerols

kIevels (-35% and -57%, respectively). / | /

CONCLUSIONS

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.
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