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Background and mofivation

L

- ﬁ 59 million tons of food waste (131 kg/inhabitant)/year
132 billion euros

10% of food made available to EU consumers (retail, food services and households) is wasted

\_ 53% of total food waste is generafed at households
-

1/3 of all food produced for human consumption is lost or wasted

FLI estimates 14% of all food produced is lost from post-harvest stage up to the retail stage

931 million tons of food waste in 2019;: 61% households, 26% food service and 13% retail
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Background and motivation

PACKAGING Protection of foodstuffs from the external environment while maintaining

their quality

DIRECTIVE (EU} 2019/904 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL
of 5 June 2019
on the reduction of the impact of certain plastic products on the environment

(Text with EEA relevance)

MARINE LITTER IN EU

Other

Constant fluctuation in oil prices

Single-use plastics and
fishing gear

High environmental impact
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@ New bio-based packaging solutions
Natural biopolymers are increasingly being used as substitutes for petroleum derivatives worldwide. They provide
an effective alternative for the production of environmentally safe packaging materials that meet the market
requirements
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Blopolymers in Packaging solutions
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&} Food Packaging Films
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)OJ\
H,C~ O
oo™
n
OH
NH, ”
(o]
NH,
OH n

B o o e o e e e e e e e e e e e e e

Fully biodegradable
Biocompatible
Non-toxic
Water-soluble (PVA)
Chemical resistance (PVA)
Film forming ability
Antimicrobial (CH)
Bio-based (CH)
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High specific surface areaq, providing larger reaction
surface with the matrix and a better reinforcing effect

—

Limited thermal, barrier and mechanical properties
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Blending with nanomaterials

Uniform dispersion
Improved chemical compatibility,
thermal and mechanical properties




&} Food Packaging Films

] Solvent casting 2 Properties evaluation
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’\{ Surface and cross-section morphology (SEM)

Chemical interactions (FTIR)
POlymer + Olive tree pruning ﬁ Film

Crystallinity (XRD)
Transparency and UV-light-blocking capacity (Spectrometry)
L
I &
‘ Mechanical properties
Horticultural residues Thermal properties (TGA)
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Antioxidant activity: ABTS, DPPH :
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- Antimicrobial capacity :
k Orange peel ‘®/ ___________________________________

Barrier properties: Water vapor permeability
BIOACTIVE FILMS

Rich in phenolic compounds
+ Natural extracts Enhanced antioxidant and

antimicrobial properties
Substitution of synthetic additives
+ Pectins
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+ NATURAL EXTRACTS + PECTINS
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UV-light blocking capacity >50%
Increased mechanical performance: chain stiffness
and nanocellulose rigidity, homogeneous
distribution and high compatibility
Enhanced barrier properties (water vapor and
oxygen)

10% antioxidant capacity

Z%wt. NC content 30% extract

Controlled release of extract with
the joint addition of CNF+ extract

Antioxidant
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PLA LCNF
Biodegradable .
Biocompostable Improved barrier
Rigidity properties by
Transparency increasing crystallinity
and acting as
Low WVP impermeable region
Moderate gas barrier
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Ecoflex ®

‘ Facultad
de Ingenieria

Universidad de Concepcion

Biodegradable to basic
monomers
1 year of life cycle
High film-forming capacity

Low thermal stability
Poor mechanical strength
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/ Wheat straw \
/ - Spectroscopy analysis
y - Mechanical properties
Soda process conditions Pulping process Packagin - Thermogravimetric analysis
gmng - Antioxidant activity
characterisation . .
- Optical properties
e ltul - Water vapor permeability
. 1800001 NIO0SC - Gas permeabili
Enzymatic pretreatment . p ty
High pressure homogenization nanofibre (L CNF) K
\ obtention /
4 v I
LCNF + polyethylene glycol Packaging - Headspace gas analysis
+PLA (rheometer) . = I 2 SRS . :
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Pilot scale production
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Loading hopper

= Cooler band
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‘Worm screw
Fusion

Circular cube

Pass rollers

D

PLA + Ecoflex® + LCNF
roll
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Day 0 Day 2

Day 10

« Improved optical properties (31% improvement), WVP (386% improvement) and
antioxidant capacity in formulations 70:30 PLA: Ecoflex® with 0.5-1% LCNF.

» Analogous mechanical properties to commercial PET or PS.

« Comparable sensory microbiological quality over storage at 4°C to commercial

formulations.
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PVA Chitosan
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Increased water resistance and UV-light blocking capacity (97%)

Maintained mechanical performance

High radical scavenging activity

Effective delay of soybean oil oxidation during 10 days of storage
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Meat packagin 2 i
P Ing o A, o g Nontoxic, biodegradable 1™ Low porosity
— NH; © & Irregular structure ,
§ (L7 iL-;e OH n &" Antimicrobial, biocompatible Easy deformation "'

High strength
CN F-aerogels Adaptable pores ®

Modifiable surface b :
Absorbent pads it

ﬁn‘orations \
(this may be in both outer layers or at least in one of them) .
] Aerogels production

Upper layer o=
——— Intemal layer (absorbent material) & s
\ Chitosan 4
—— Lower layer \v ’ Glut. tg

(L)CMNF : v = b
Plastic film for covering the food E°°d product — A ﬂ J\ E a i
product i — i

< T4 o (i 0.5% (w/w) 3 min L LA
Plastic tray or container<———= WS slis ‘ 4 AEROGELS
| n Freeze-dryin
Absorbent pad | ‘ Extract 24h rying
Distilled water

Lignocellulosic biomass is an ideal source of biopolymers and natural antioxidant compounds
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Meat preservation tests . | reewowe
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: Mechanical performance I

I Water and oil absorption capacities :
: Antioxidant activity (DPPH) :
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. Jil Main findings

10 days

Cxygen Le"e'dCO'm « Optimal reinforcing effect of (L)CNF at 5% (80% improvement)

%

* Increased water absorption capacity (42%).

HIGH ~ LOW(%  NONE « The presence of residual lignin led to a faster increase in

(oxymyoglobin) (metmyoglobin) (deoxymyoglobin)

antioxidant power in the first hours (80% AOP in 30 min).

« Great potential as active food pads: the developed formulations

Oxygenation

Myoglobin Oxymyoglobin . .
Fe” eonygenation Fe*? maintained the freshness of the burger meat after 10 days of
feduction Oridation Oridation storage, as a result of a synergistic effect between the residual

Metmyoglobin

Fe+’ lignin and the extract.
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Thin, edible and continuous
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surface as a protecting agent “

Pectins

(L)CNF

] Coating application

Main findings

Coatings with concentrations of up to 10% LCNF

on raspberry fruit resulted in improved firmness

values as well as lower AMB counts after 7 days

Weight loss Cucumber of storage.
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: Firmness

: Color

I pH

I ° Brix

: Acidity

i1 Microbiological analysis: Aerobic
|

L _ Mesophiic Bacteria (AMB) __ _, Raspberries



-

*  Many advantages: recyclable in currently developed infrastructure
« Virgin fiber has undergone a considerable increase in price

Cellulose Formulation study and Real scenario analysis - T T _f'_' _____ R, o LT
production optimization of tray production : Cycle: ho’r iling (Iep’rlls at 80-90 °), seolmg,
cycle , collapsing, oven/microwave regeneration
|

and peelability.
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Horticultural Fut;e_ntialt , Fiber-based traysas
dapplication stuay .
WE-S‘l'E- for fiber-based Pilot plant SCEIE-UP ready-to-eatfood
valorization ;
rays packaging
Characterization

! « Visual defects establishing a 3-range category: :
I primary defects, secondary defects and no defects ;
| «  Weight suitability |
! « Compressive strength :
I * Pesticide analysis in fiber-based trays l
! « Lamination suitability :




Cellulose fiber-based packaging
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* The optimum formulation will depend on the characteristics of
the fibers used. The fibers obtained by mechanical pulping (M-
HR) are short with a high refining degree (65 °SR) while the fibers
obtained by semi-chemical pulping (SC-HR)are long with a lower

refining degree(13 °SR).

2020 PN-VLHR £0:40 PN-MLHR 2060 PN-M-HR + Trays of adequate weight and free of defects with the

' formulation: 207 M-HR and 407 SC-HR.
* The mechanical properties are analogous fo commercial pine
frays.
* More than 10 pesticides are detected in the trays due to the

70:30 PN:SC-HR 60:40 PN:SC-HR 50:50 PN:SC-HR

Control (100%PN)

origin of the fiber but in no case the limits established in the

regulation are reached.




IN THE MEDITERRANEAN AREA

New PRIMA project!

Shelf-life enhancing packaging systems for mediterranean food through innovative
and circular solutions based on agri-food multi-product cascade biorefinery

BIOMEDPACK

Active coatings Active flexi films
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Fruit/Vegetables

{08W/ysl4

Fiber-based frays Absorbent pads



Thanks for your attention

Eduardo Espinosa
Assistant Professor

BioPreEn Group (RNM-940), Chemical Engineering Department, Faculty of Science, Instituto Quimico para
la Energia y el Medioambiente (IQUEMA), Universidad de Cordoba, 14014, Cérdoba, Spain

eduardo.espinosa@uco.es

\

|1y
R

\ FoodWaStopﬁ/j

———




	Slide 1
	Slide 2: Background and motivation
	Slide 3: Background and motivation
	Slide 4: Biopolymers in Packaging solutions
	Slide 5: Food Packaging Films
	Slide 6: Food Packaging Films
	Slide 7: Food Packaging Films
	Slide 8: Bags
	Slide 9: Bags
	Slide 10: Sachets
	Slide 11: Pads
	Slide 12: Pads
	Slide 13: Coatings
	Slide 14: Trays
	Slide 15: Trays
	Slide 16
	Slide 17

