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Technological functionality: what do we intend?

oS Lipid Engineering Mutriment
Physical and chemical properties which affect the behavior of Protein . Enzymatic Sweetener
components in food systems during processing, storage, preparation, R Carbohydrate . Microbislogical T resturising
. agent
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types of processed materials with distinct characteristics, used with Watsr ! 4, Hierorgsni=m=
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increasing flexibility and with increasing refined functional properties

= Separation

= Mixiure

Challenge for the industry:

achieve improvements to agricultural commodity constituents that
vary over time and are often difficult to store.

= Thermal processing

= Texturising

= Maturation

Eg: waste products from the food industry can become bases for new
ingredients, whose constituents (e.g. casein and whey, blood, etc.)
need to be refined for further uses




Functionalities of food ingredients

« ability fo bind and adsorb water, « ability fo release aromas,

« emulsifying capacity, « sweetening capacity,

« thickening capacity, « qacidifying capacity,

« adhesive capacity, « flavoring capacity,

« dispersive capacity, « ability fo lower water activity,

« solubilizing capacity, « ability fo raise the glass fransition
- gelling capacity, femperature

« foaming capacity, « antioxidant property

. ability to bind aromas « antimicrobial properties

Why modifying ingredients?

Poor solubility

High variability and low standardization
Challenges of native ingredients mmm) Sensibility to environmental stress conditions

Poor techno-functional properties

Undesirable flavours

digestibility



Approaches for ingredients modification ‘Glication

Heating Conventional ' Fosforilation

UV/Gamma radiation Ohmic ‘Acylation

MW Chemical | ‘Deamidation

Cold Plasma

Pulsed Electric Fields Radio frequency 'Cationizzation

Physical

Ultrasound 'pH shifting

IR
High Pressure Treatment HHP
Extrusion Dynamic HP fluidization

Ultra filtration

Complexation

. Other
Fermentation
Biological
Enzymatic




Starches used as ingredients

Functionalities of starches:

Thickeners, add moisture, elasticity and texture to
bakery products, binding abilities, coating,
development of crust in baked goods, ...
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Native starches and their limitations

Granules Breakage

%1‘;\;"*@ \
Gelatinization Process
“ea‘ » 3‘ _% Stability
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_' Water{( %

= Storage
5’53 Stability

Retrogradation

Starch

1. Process Resistance (starch granules damage)

Viscosity

60 120 50

Temperatur

Narrow peak viscosity range
Little process tolerance
Undesirabel texture

Poor qulity of final products
Short shelf-life stability

e Heat Treatments (pasteurization, retorting, pasteurization after cooking and cooling...)

e Shear (cutters, colloid mill, homogenizers....)

e Acidic pH

2. Shelf-life Resistance (retrogradation/syneresis)

e Retrogradation, Syneresis, Texture changes during shelf-life

e Freeze/Thaw resistance
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Examples of modification of starches by Cold Plasma

Starch Plasma parameters Starch parameter Results

Potato, corn, wheat, rice Ethylene gas, 65 kV Reducing sugars Increased
Rice Air, 40 & 60 W Starch hydrolysis Decreased
Potato, corn, wheat, rice Air, 1-2 kV Water content Decreased
Tapioca Argon gas, 50 W Paste clarity Increased
Potato, corn, wheat, rice Oxygen gas, 65 kV pH Decreased
Potato Nitrogen gas, 245 V Retrogradation Decreased
Rice Air, 40 & 60 W Swelling power Increased
Potato, corn, wheat, rice Air, 1-2 kV lodine complex Decreased
Wheat Oxygen gas, 800 V Polarity Decreased
Rice Air, 40 & 60 W Syneresis % Increased

Cold Plasma: an Alternative Technology for the Starch Modification
(Thirumdas et al., 2017)
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Corn starch treatment by super-arc plasma

Laricheh, R., Fazel, M., & Goli, M. (2022).

Corn starch structurally modified with
atmospheric cold-plasma and its use in
mayonnaise formulation.
Journal of Food Measurement and
Characterization, 1-14.

20, 22, 24, 26, and 28 kV
1,3,5,7, and 9 min
1,2,3,4,and5 ¢

Parameter Type Treated with cold plasma Control
Water adsorption (%) Starch 48.29 £ 4.25° 2793 +225
Oil absorption (%) 177 +0.19° 129015
Solubilty (%) 1560+ 0.76° 7.94 0,880
Stiffness (g) Starch gel 18947 £ 2.20° 163.66+1.15°
Cohesiveness (-) 0.857 +0.02° 0.869 + 0.08°
Flasticity (-) 0.922 + 0,08 0.996 £ 0,052
Gumminess (g) 13928+ 2340 142.28 +1.21°
Resistance (g/sec) 11005+ 7420 123.14 + §.45°
Intrinsic viscosity (cp) 1417 +3.20° 185.16 + 3.20°

Dol Bod
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Cross-linking of starch branched chains

b
Hasma geo
Aegedymaisation
cah rad

ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA



Case study: Application of PAW for the modification of starches

Gebremedhin Gebremariam Gebremical? Federico Drudi®*, Silvia Tappi®®, Romolo
Laurita®, Filippo Capelli¢, Santina Romani?®, Pietro Rocculi®
aDepartment of Agriculture and Food Science, Alma Mater Studiorum, University of Bologna, Italy

b Inter-Departmental Centre for Agri-Food Industrial Research, Alma Mater Studiorum, University
of Bologna, Italy

¢Department of Industrial Engineering (DIN), Alma Mater Studiorum, University of Bologna, Via '*'
Terracini 24, Bologna, Italy

Specific Objectives

1. Effects of Plasma Activated Water (PAW) on Rheological, Thermal, Hydration and Pasting Properties of
Normal Maize, Waxy Maize and Potato starches

2. Effects of Incubation Time of Plasma Activated Water (PAW) Combined to Annealing for the Modification of
Functional Properties of Potato Starch

3. Plasma-Activated Water (PAW) and Annealing for the modification of potato starch: Effects on Sorption
Isotherms, Thermodynamic and Gelatinization Kinetics of Potato Starch
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Selection of starches

Specific objective 1
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Specific objective 1

Generation of PAW

Discharge area

Ly

Current [A]
Voltage [kV]

V =15kV

f= 5kHz

At= 60s
VDW= 500ml

0 0.2 0.4 0.6 0.8 1
Time [ms]

Av. Discharge power: 167.12 + 12.42 W

Sample NO; [mg/]] H>0; [mg/]] pH

Magnetic stirrer

DW 0 0 6.12+ 0.05
—— PAW 1398347 1182006 348008
Starches: .
. Potato Mixture starch:water/PAW 1:2 « Rheological behaviour
. Normal Maize Continuous mixing for 20 min #  Pasting Properties

« Waxy Maize Drying in oven at 40°C « Hydration properties
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Rheological behaviour

steady shear behaviour

Potato

400 ¢
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Specific objective 1

Waxy Maize
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Sample

K (Pa-s") n R?
Power law o Native 47.91+0.12° 0.50+0.032 0.99
PAW 88.74+1.14° t 0.44+0.02° 0.99
‘N Native 11.7+0.64° 0.46+0.01° 0.99
= NM
T K Y PAW 58.56+2.42° 0.24+0.01° 0.95
Native 6.85+0.59° 0.38+0.01 0.99

WM
PAW

4

4.63+0.18°

0.39+0.01

0.99
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Rheological behaviour

steady shear behaviour
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350 ¢
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Specific objective 1

reduction of hydroxyl of groups in the starch structure due to

* INCREASED CONSISTENCY COEFFICIENT
« HIGHER G’ AND G"
Hypothesis:

the reactive speciesin PAW, such as O3, an entanglement
of the starch structure which improved
the ability of starch to combine with water

Main difference between WM and other starches: content of amylose (almost absent in WM)
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dissociation (rupture of glycosidic bonds) of double

« DECREASED CONSISTENCY COEFFICIENT
« LOWERG' AND G"
Hypothesis:

helices of amylopectin and reduced granule
crystallinity
depolymerization effect
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Specific objective 1

Pasting properties

PV SB 3,000 ~100
\
mPas +°C
‘\ Setback 14,
Breakdown viscosity
< cosi 185
viscosity N
> +80
= Final viscosity
8 475 ,
0
[72]
2 N 170 o
Total setback —
X : +65
viscosity
160
f v 155

“Pasting temp. } Minimum %
PT Time ﬂy viscosity T45

t } t t 40
0 5 10 15 20 25 min 30
Timet —»
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Pasting proerties

Specific objective 1

----Temp °C -m-- PAW - A -- Native

e Normal Maize e E
I N W L S o s S A ER TR S
Sample PT (°C) PV (Pa.s) HSV (Pa.s) BV (Pa.s) SBV (Pa.s) FV (Pa.s)
b Native 64.19+0.68P 12.34+0.19° 2.73+0.01° 9.61+0.20° 1.7320.14 4,46+0.145
PAW 65.05+0.60¢° 15.78+0.9¢ 3.26+0.10¢° 12.52+0.03° 1.9+0.07 5.16+0.03¢@
NM Native 75.54+0.95¢ 3.67+0.19 t 1.78%20.04 1.88+0.15P t 1.78+0.13 3.57+0.17 t
PAW 71.72+0.22 3.8520.17 1.83+0.02 2.02+0.15¢@ 1.92+0.14 3.7520.16
Native 70.72+0.20 4.25+0.12¢° ‘ 1.37+0.03¢ 2.87+0.10 ‘ 0.55+0.02¢ 1.93£0.04¢ ‘
WM PAW 70.63+0.25 3.22+0.18° 0.46+0.07° 2.7520.13 0.24+0.03P 0.71+0.10°




Specific objective 1

Conclusions - 1

Observed modifications: attributed to the synergistic effect of NO3, NO2, O3, acidic environment,

and other reactive species of PAW

Cereal and tuber/roots starches can be successfully modified by PAW = promising strategy for

starch modification as “green” alternative for existing methods in the food industry

Degree of modification: strongly dependent on the starch type (botanical, amylose, and
amylopectin content) = process optimization based on the specific substrate appears necessary

for obtaining tailored functionality
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Specific objective 2

Combination of PAW with annealing

What is annealinge

physical reorganisation of starch granules (or appropriate polysaccharide matrices like
amylose-lipid complexes) when heated in excess of water (or appropriate plasticiser) at a
femperature between T, and the onset of gelafinisation (T,) of the native starch (or
polymeric system)

—[_I‘;/"“ : Requires long time =» combination with PAW?
Ty
Plasma Activated Water 1’ 4’ 8 and 12 hours EffeCT on.

PAW

P 15 kV-5 kHz AW Jk « Rheological
d . ANN « Thermal

/ﬂﬂ"ﬂﬂﬁw ‘/— » « Pasting

- [ PAW +ANN ——
¥ |

Annealing Ratio Starch/PAW: 1/2

ANN
55°C

« Hydration
Properties




Rheological behaviour

Shear Stress 1 in Pa

500 T
450-?
400
350—5
300
250-?
200
150-?
100

50 +

0 10 20 30 40 50 60 70 8 90 100
Shear Rate y in 1/s

PAW

ANN
PAW_ANN

Specific objective 2

T=KVy"

Incubation time

K
Sample (h)
INative - 23.25+0.31]
1 30.64+0.22¢
IP.. ~ 4 37.9540.26
AVV
8 35.25+0.29h
12 34.83+0.26"
1 46.28+0.39¢
4 50.74:+0.608
ANN -
55.05+1.32¢
12 55.25+0.60¢
1 60.88+0.75¢
4 66.07+0.53"
PAW-ANN
70.96+0.542
12 63.85+0.01°

n

0.47+0.007°
0.47+0.005%"
0.47+0.003?

0.47+0.005%°
0.47+0.004%°
0.45+0.0013¢

0.43+0.01°
0.44+0.0013b¢d
0.41+0.003¢
0.44+0.004b<
0.42+0.003¢
0.42+0.003
0.41+0.001¢

RZ

0.991
0.989
0.991

0.990
0.999
0.999

0.999
0.999
0.999
0.990
1.000

0.990
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Rheological behaviour

INCREASED CONSISTENCY COEFFICIENT

PAW =» reassociation of starch chains,
following reduction of hydroxyl groups in the
starch structure due to PAW reactive species, that
enhanced the starch interaction

ANN =>» more complete rearrangement of
potato starch molecules, = tighter and more
organized molecular structures with more rigid
and cohesive starch that is resistant to flow.

PAW-ANN = synergistic effect
After only 1 h of PAW-ANN k values higher

compared to the maximum value reached for the
longest ANN treatment (12 h)

Specific objective 2

T=KVy"

Incubation time

K
Sample (h)
INative - 23.25+0.31]
1 30.64+0.22¢8
[P‘_ B 4 37.95+0.26
AVV
8 35.2540.29h
12 34.8340.26h
1 46.28+0.39¢
4 50.74+0.60°
ANN
55.05+1.32¢
12 55.25+0.60¢°
1 60.88+0.75¢
4 66.07+0.53P
PAW-ANN
70.9610.542
12 63.85+0.01°

n

0.47+0.007°
0.47+0.005%"
0.47+0.003?

0.47+0.005%°
0.47+0.004%°
0.45+0.0013b¢

0.43+0.01°
0.44+0.0013b¢d
0.41+0.003¢
0.44+0.004b<
0.42+0.003¢
0.42+0.003
0.41+0.001¢

RZ

0.991
0.989
0.991

0.990
0.999
0.999

0.999
0.999
0.999
0.990
1.000

0.990
- 0.999

ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA



[e—
S o

Viscosity n [Pa-s]

O o B ON OO0 —

Pasting properties

0

S

10 1520 25
Tlmet[m?n]

ANN
PAW_ANN

- OO
o

r 100

O
oS O

= wui O
o o O

Temperature T [°C]

Specific objective 2

Sample PT(°C) PV (Pa.s) BDV(Pa.s) | HSV(Pa.s)  SBV(Pa.s)  FV(Pa.s)
Native 64.50+0.03¢ | [13.75+0.13% |]|10.89+0.07% |2.85+0.069 1.63+0.07%> 4.49+0.01¢
PAW 1h 64.49+0.01¢ | [L3.15+0.172° |[10.33+0.17% [2.82+0.03d 1.56+0.17°¢ 4.38+0.14¢
PAW 4h 64.63+0.75¢ | [13.57+0.11% [|10.75+0.13% |2.82+0.01¢ 1.61+0.05%° 4.43+0.04¢
PAW 8h 64.99+0.69¢ | [12.83+0.07" [|10.05+0.102 |2.78+0.02¢ 1.60+0.08%°c 4.38+0.06°
PAW 12h 64.71+0.77¢ | [13.20+0.17% |]10.45+0.16% |2.75+0.02¢ 1.58+0.01* 4.33+0.03¢
ANN 1h 68.05+0.749 | [12.56+1.00% |]|8.74+0.87° |3.83+0.13¢ 1.43+0.21¢ 5.26+0.08¢
ANN 4h  710.11+0.76b°d | |9.16+0.09¢® ||4.08+0.09¢ |5.08+0.012 1.55+0.04°¢ 6.63+0.05¢
ANN 8h  711.19+0.74%%¢ [ |9.77+£0.07¢ ||4.14+0.11°¢ |5.64+0.03° 1.59+0.29%c 7.2240.25b
ANN 12h  72.21+0.72% | |8.43+0.41% ||2.41+0.28¢ |6.02+0.122  1.92+0.01* 7.93+0.132
PAWl_r,]A NN log.78:0.3 | [12.16+0.160 |[8.11:0319 |4.23:0.13¢ 15420.12¢  5.70+0.124
PAWAr—r']A‘ NN 12 30:0.400 [[7.83:0.05¢ |[2.0740.05¢ |5.6620.148 1442003 7.21+0.03
PAWS—;]A‘ NN b215:027¢ [[7.76:0.06° |[2.2040.069 | 5770200 1.97+0.24%¢ 7.75:0.052
PAV\{E':NN ]’1.6510.76ab 7.89+0.30° |[|2.31+0.28% | 5.,57+0.02  1.62+0.172 7.57+0.18%




Pasting properties

Viscosity n [Pa-s]
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Specific objective 2

Peak Temperature (PT): resistance to swelling, agglomeration of starch granules,
crystallinity index, level of cross-linking, and a reduction in the space between molecules

Increase = rising in resistance to swelling, agglomeration of starch granules, increased
crystallinity, development of intermolecular cross-links, reduction in the space between
molecules which hinders the viscosity development during annealing.

Interaction between starch chains in the amorphous and crystalline regions =» starch
more stable, needs a higher temperature for the rupture of the structure.

Peak viscosity (PV): measure of the fragility and the maximum degree of swelling of
starch granules before disintegration when subjected to heating.

Decrease =» the binding forces within the granules were strengthened, limiting starch
swelling and structural disintegration.

Breakdown viscosity (BDV): granule resistance to temperatures and shear rates.
Decrease =» higher thermal stability, higher resistance against shear exerted from high
temperature and a lower deterioration tendency

Annealing with PAW treatment could improve the stability against mechanical shear
and thermal stability within a short time.

1211 | | | 51 1




Specific objective 2

Conclusions - 2

e — (O[] - OH
— T
Starch Starch
PAW+ANN = synergistic effect in thermal stability o S
and shear resistance, resulting in lower breakdown PAW/ANN é »;% ,,';J_/;,-c\
viscosity, higher elasticity and gelatinization \—j_ g}}/ I f’jt@

enthalpy up to 4 h

Plasma etching

Increased ability to better withstand high thermal and mechanical processing conditions in
the food industry: use as a sustainable raw material in food applications, such as a base for
baked goods, thickening agent, candies, ice cream and in processed foods

PAW-ANN combination: promising technology for the modification of starch, as
environmentally friendly alternative to chemical modifications




Specific objective 3
PAW and Annealing: Effects on Sorption Isotherms, Thermodynamic and
Gelatinization Kinetics of Potato Starch
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Conclusions and future work

« PAW is effective for modifying starch properties
« Effect dependent on starch type and processing parameters

« Synergistic effect with annealing

Future work should be carried out to clarify porosity (pore size), morphology, and
crystallinity of the granules affected by the proposed treatments



Proteins used as ingredients

Commercially, proteins are differentiated based on:

«Source: animal, insects, plants or microbes
*Protein content: flour (70-85%) concentrates (up to 85%) and isolates (higher than 85%).

Protein functionalities: ability to gel, foam, emulsify and form films and dough structure , ...

Types Plant-based sources
available

Soy, lupin, faba bean,
Powder, semolina
Elours pea, rice, lentil, chickpea
Texturized (flakes, pellets) Soy, faba beans, peas
Soy, lupin, faba beans,
Powder, semolina
Concentrate rice, Ient"s, ChiCkpeaS
Texturized (flakes, pellets, crisps) Soy, peas
I Soy, peas, rice, wheat,
Isolates Powder
potato

ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA



Recent trends in the application of cold plasma for the modification of

plant proteins

Protein-based films

Mechanical properties
Barrier properties
Biodegradability
Wettability

e ® -

KFree radicals

Are H,O,
O = (NG
e ~ Y - OOH
Sg:llz:tlil(;nty Congohr;nran:i:)sxz:ll)ﬁlix;n ges I}Ci" adiation Reactive species Conformational changes
Immlthnz‘:gizivity Interfacial properties Activation or inactivation of enzymes

Nutitional propertics Film forming properties
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Modification of emulsifying properties

Requirements for a protein to possess good emulsifying
and foaming properties:

_ Dispersed
rapid absorption at the water-air or water-oil interface, S
formation of a strong cohesive film at the interface by Comimns

interacting with neighboring molecules

Water-in-oil emulsion Oil-in-water emulsion

Increased protein solubility = well correlated to the
emulsification capacity.

% Cold plasma
Unfolding of proteins

Low-frequency short-term
plasma = more flexible
structures, with the capacity to

generate films at the oil-water

A Air or air-water interface.
4 Zhang et al., 2020
Large aggregates of the globular protein Formation of a strong cohesive film

Highly unstable emulsion and foam systems Adsorption of the highly flexible structure at the
interface
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Case study: Pea Protein Isolate (PPI)FFunctionalization Using a Novel Cold
Plasma Source: Effect of Treatment Time on Rheological Properties

F

Federico Drudi**, Gebremedhin Gebremariam Gebremical?, Luigi Ragni®®, Chiara Cevoli?, Silvia Tappi?®,
Santina Romani?®®, Pietro Rocculi?®, Urszula Tylewicz?

aDepartment of Agriculture and Food Science, Alma Mater Studiorum, University of Bologna, Italy

bInter-Departmental Centre for Agri-Food Industrial Research, Alma Mater Studiorum, University of
Bologna, Italy

Specific objective:
Evaluate modifications in terms of structural and rheological properties
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Set up of plasma treatment

Experimental procedure

Pea Protein Isolate

DBD atmospheric plasma source, 20 kV 32kHz
Fan to set in motion the powders

Active power: 8.56 + 0.65 W

1.8 cm? metallic electrode, 3270 cm?3 total
chamber volume

Optical spectrum:
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Analytical determinations

« SDS page - Primary structure
FTIR — Seconday structure

« Solubilty

- Rheological behaviour
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Conclusions

Plasma treatment was effective in modifying rheological properties of PPI
— rheological results generally in agreement with other similar published works

* The improved rheological properties don’t come from changes in primary structure
— no polymerization seem to happen, in contrast with some studies

« FTIR data suggest no effect on secondary structure (minor absorbance changes on amide I and
IT), but:

— FTIR spectra markedly differentiate between treatments trough PCA analysis

— Major affected areas might be linked to protein oxidation or interaction with other non-
proteinaceous components

« Tertiary structure evaluation studies (e.g. fluorescence spectra) are needed to better understand
the observed rheological modifications SIS



Concluding remarks

The investigation of cold plasma as method to modify sturcture and
functionality of food components is gaining increasing interest.

It might be used to replace or to improve currently existing methods
resulting in higher efficiency and sustainability of the process.

Investigation on mechanisms and process optimization is still required
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