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Agro-food wastes and circular economy

v Low cost

v High availability

v" Renewable

European Union

88 million tons — 143 billion €

v" High environmental and

economic impacts

Advanced valorization alternatives
should be developed to maximize
the added value of waste source

Minimize
Waste

Reduce
Environmental
Footprint

Circular economy is based on the efficient and sustainable
use of the planet’s resources to prevent irreversible
environmental degradation and resource depletion
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Food waste

(FAO, 2020)

Per capita food losses and waste (kg/year)

B Consumer

Production to retailing

Production volumes of each commodity group, per region (million tonnes)

Europe North Industrialized Sub-Saharan North Africa, South and Latin America

America and Asia Africa West and Southeast
Oceania Central Asia Asia

M Europe

1 North America, Oceania

m Industrialized Asia

B Subsahara Africa

[ North Africa, West & Central Asia
[3 South & Southeast Asia

M Latin America

Cereals

The production of food waste by producers and consumers
has increased dramatically in industrialized countries

Root &
tubers

Oilcrops
& pulses

|

Fruits &

vegetables

Cereals, fruit and vegetables are the main food
waste produced around the world
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TOMATO ANNUAL GLOBAL
PRODUCTION (2020)
=~ 187 million tons (Faostat)
75%

7 RAW

T~ 259
PROCESSED

S ¥

8.5 million tons of
TOMATO WASTE

¥

ANIMAL FEEDING or COMPOSTING
DISCARDED in LANDFILLS

¥

SERIOUS ENVIRONMENTAL AND
ECONOMIC PROBLEMS /

TOMATO WASTE and
by-PRODUCTS

¥

SOURCE of NATURAL
BIOACTIVE COMPOUNDS

v' CUTIN

v POLYPHENOLS
v FATTY ACIDS
v TOCOPHEROLS

v" CAROTENOIDS
(OTHERS)

¥

WASTE VALORIZATION
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10 million tons in EU Apple peels
e ot 5 SOURCE of NATURAL

BIOACTIVE COMPOUNDS

¥

v Pectin

Juice and apple by-products >

v’ Protein
Watermelon peels

v Polyphenols

215,000 tons in EU

Watermelon by-products

,-?/cofunr’ FINAL EVENT 5



1t CONFERENCE ON
GREEN CHEMISTRY &
SUSTAINABLE COATINGS

H[UUL[

67;0([

WASTE

’.)

Food waste

Conversion of food waste into valuable functional additives
and building blocks will permit their whole valorization

-

- 5% » ~
Towards a circular economy 2 ) ¥
o / N\
ants \
Buo pesticides
Bioprocessing ‘% @%

I
B4 . ,
| 1 il AT | Intermediate Enzymes I
: i | chemicals W*W
R - . B
\
\

Biofuels /

S m---

Basic building blocks for chemicals, materials, coatings
and advanced biofuels are derived from renewable
biological resources
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Extraction methods

Main challenges for valorization of food residues and by-products lies on the optimization of

efficient and sustainable extraction methods and techniques: cascade approach | l
Conventional extraction | PROBLEMS
Solid-liquid extraction: Long extraction tin.1es
* High temperatures and long times —) . Thermal degrad?tlon
« Maceration at room T for days High amount of organic solvents
Alternative green extraction techniques |
Supercritical fluid extraction (SFE) Short extraction times

Pressurized liquid extraction (PLE) Low amount of organic solvents
Microwave-assisted extraction (MAE) ‘ Higher selectivity and extraction
Ultrasound-assisted extraction (UAE) yields

Subcritical water extraction (SWE)

,;/COfo‘V‘" FINAL EVENT 7
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Green extraction methods

Microwave-assisted extraction (MAE)

MAGNETRON Electromagnetic

Rotating deflector waves

MW: ionizing radiation causing
molecular movement by ions
migration and dipolar rotation

Cavity
Solvent should absorb MW
Reaction radiation
vessel
@®
Tumtable /\/\/\
»

Heat release = Rupture of hydrogen bonds
in dipolar molecules —_—

Pressure = physical modification;
Good penetration of solvents through the
molecular structure

Microwaves

Microwave-assisted extraction

Conventional extraction

Diffusion-driven process— relies Instant in-core heating creating a pressure-

on concentration gradients driven process leading to increased mass and

heat transfer rates among the reaction products

Conventional Extraction

N Heat Transfer

Mass Transfer

Microwave-assisted Extraction

Heat Transfer

Mass Transfer

1. Desorption
2. Internal diffusion
3. External diffusion

2cOolUNCO FINAL EVENT
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Green extraction methods

Microwave-assisted extraction (MAE)

Condansar

© =

¢
; Y Adaptar
| ;

Fiber optic tamperaturs sansor

Infrared tamparature sansor
500 mL glass flask
Weflon suppart

Magnetic stimar

Open system (atmospheric pressure)

Microwave assisted hydrodistillation
MAHD (without solvent)

|r.

DN N N N

Uniform heating

Reduce losses of heating energy
High efficiency

Short extraction time

High reproducibility

Closed system
(high T, P)

2cOolUNCO FINAL EVENT
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Green extraction methods

Ultrasound-assisted extraction (MAE)

Ultrasound Cavitation

Compression

-

Acoustic
pressure

Expansion

S Critical
g 4 size
= @ Growth @° @ Implosion
N3
ER: e @° $ >1GPa
Shock wave
Microjet formation
Hot Rapid

spot>10*K  quenching

Formation

Time (us)

ULTRASOUND BATH

Stainless steel tank

Extract (matrix + solvent) Transducers

€% Uniform distribution of E

2 Economical system

€3 Unsuitable for complex matrix
€ Lack of bath T control

€ Lack of efficiency in E transfer

ULTRASOUND PROBE

Generator
; Transducer housing
Upper horn
Replaceable ti
j = , \ P p
A== IRN
S _

€ Reduced use of solvent. Faster
 BCs structure is not damaged

2 Suitable for T-sensitive components
€3 Require optimization

€3 Possible negative pressure cavitation

Formation, growth and implosive collapse of bubbles in a liquid irradiated with

high intensity ultrasound

Q/cofunc’ FINAL EVENT
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CONVENTIONAL GREENER ALTERNATIVES

EXTRACTION TECHNIQUES

|

_v ) 'rf'-

Reflux Soxhlet

MAE

SYNERGIC HEAT AND
MASS TRANSFER
GRADIENTS

UAE

MECHANICAL IMPACT
OF US WAVES AND
CAVITATION

TIME AND SOLVENT
CONSUMING

@ Enhance

v/ SOLVENT PENETRATION
v’ CELL WALL DESTRUCTION

v ENHANCED
EXTRACTION YIELDS

REDUCED EXTRACTION
v’ TIME AND SOLVENT
CONSUMPTION

MORE
v’ ENVIRONMENTALLY
FRIENDLY
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Green extraction methods

Design of experiment
OPTIMIZATION ] 0}
Define output Guide data collection and the
& Define ftspo?seand i'dcmiﬁc'a!im? of famqrs and \
R es p onse l input factors interactions mﬂycncmg the
*p@' a - ‘ process
Surface 2 point DB sy
Methodology v - sangy
(RSM) - .
Run experiment m“;::u“‘;;m
each run
y=P5+ Bixi + ﬂ,-,:b? + Bi;xix; Fit and
=1 i=1 i—1 5 - Model;
- Interpret
=1 Model
*Response Surface Methodology

x1

MAE/UAE
parameters _
to be
considered

Express the relationships
between dependent and
independent variables
mathematically

Design and /
Analysis of

Optimization

Methods @

Perform the maximization or

minimization of functions for
improving the process

[ Solvent composition
Extraction Time
Temperature
Irradiation power
US amplitude

- L/S ratio

Studied

Response

Extraction yield
TPC
Antioxidant activity
Bioactives profile (GC-MS, HPLC-MS)

2COlUNCO FINAL EVENT
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TOMATO WASTE AS A SOURCE OF ANTIOXIDANTS, LIPIDS and CUTIN

TOMATO

—— CUTIN / EXTRACTION \
TECHNIQUES
WASTES |

N r—> POLYPHENOLS

(SEEDS mixed — |_IPIDS

with PEELS) ——
SEEDS Q

PEELS

2ColUNCO FINAL EVENT 14
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() Optimization of cutin extraction
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Cutin extraction using advances technigues

| MAE |
o — Microwave Centrifuge
VR : heating Eilter Acid 30 min, 5000 rpm
‘ ~Solid Supernatant  Freeze
discarded discarded drying

Solid/liquid

Conditions Solvent .
Ratio

pH

105 minutes, 95 °C NaOH 3% 1/50 4.5

,-?/cofunr’ FINAL EVENT 16
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Conditions

Solvent

Solid/liquid
Ratio

(2 steps)

- 435 Ws/mL,
100% Ampl.
- 750 Ws/mL,
100% Ampl.

- NaOH 3% wt
- EtOH 40% (V/V)

1:80 2.5

Protein

Biomass
Waste

|

UAE (NaOH) |

UAE (% EtOH) |

2COlUNCO FINAL EVENT
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Comparison between different agro-waste sources

5000 4000 3000 2000 1000 0

Source Technique
Tomato peels

Apple peels UAE
Watermelon peels 6+ 1°

Tomato peels 17 £ 1b v FTIR results showed the presence of Cutin
Apple peels MAE 16 + 2ab

Watermelon peels 9+ 1d

Extraction yield (%)

MAE UAE
Sample Tmax 1 (°C)  Tmax2 (°C)  Tmax 3 (°C)
Tomato 207 = 62 379 + 22 479 + 12 Tomato 201 + 22 310 + 12 470 + 12
Watermelon 202 + 1° 284 + 1P 464 + 1P Watermelon 199 + 22 306 + 2@ 447 + 1°
Apple 215 + 2° 288 + 1¢ 473 + 2¢ Apple 174 = & 288 = 2 473 + 1°

v" Higher thermal stability for MAE and UAE extracts

@cofunr" FINAL EVENT 18
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Ethanolic Extraction

Raw Material After MAE

Before UAE extraction ‘

Alkaline Extraction

v Fatty acid composition

cutin monomers (percentage of
total peak areas in GC/MS
chromatogram)

v' Great effect in structure properties

Hexadecanoic acid 8.4+0.22 8.5+0.62
9,12-Octadecadienoic acid (2,z) ( 20.0+1.02) 20.0+3.02
Hexadecanoic acid 13+22 16+22 Trans-9-octadecenoic acid 12.2+0.52 8.9+0.3° Hexadecanoic acid 21.7+0.1P
9,12-Octadecadienoic acid (Z,2) 9+2a 16 +2b Octadecanoic acid 4.5+0.32 4.8+0.32 9,12-Octadecadienoic acid (Z,2) 11.1+042 | 17.0+0.1°
Oleic acid 5+1a 8+1b 10,16-dihydroxyhexadecanoic acid 6.6 +0.32 2.0+0.1° Alpha.-linolenic acid 16.0+052| 185+0.1b
Octadecanoic acid 3+1a 4+1]12 Alpha.-linolenic acid - Octadecanoic acid 12.0+1.02 9.0+0.1°
10,16-dihydroxyhexadecanoic acid |( 59+ 72 28+6° ) 9,10,18-trihydroxyoctadecanoic acid | 10.5 * 0.62 0.9+0.1° 9,10-Dihydroxyoctadecanedioic acid 25+0.6 -

QCOfun("‘ FINAL EVENT
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Other compounds obtained from the cascade approach by UAE
: Protein content
0]
Yield (%) (mg eq BSA/g extract)
Tomato 9+1]2 590 + 32 Soluble
Watermelon 7 + 2@b 857 + 1P proteins
Apple 5+ 1P 625 + 2¢
Extraction yield o aElls
. y (MgGAE/100g | (umoITE/100g | (umoITE/100g | (LmoOITE/100
: dm) dm)
Tomato 36 + 5° 103.5 + 0.9° 279 + 32 264 + 2 159+1a  Antioxidant
compounds
Watermelon 25 + 6P 107.2 +0.2P 356 + 1P 507 + 4° 158 + 12
Apple 32 + 3ab 61.4 + 0.1¢ 1559 + 20¢ 1767 + 5¢ 902 + 16V

ZCOfUhCC FINAL EVENT 20
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(*) PHENOLIC COMPOUNDS

MAE
0‘:’ CENTRIFUGATION
* 5300 rpm
DRIED TOMATO —fl & T 10min,25°C
SEEDS POWDER (TS) T
dp<1mm . I
i
EXTRACTION of
POLYPHENOLS
. -
Box-Behnken I

design

A 4

\ 4

PRECIPITATION and
SEPARATION
of possible
INTERFERENCES
-20 °C, overnight
<2 °C, 5000 rpm, 10 min

CONCENTRATION
45 °C, 100 mbar

FREEZE-DRYING
-80°C, 0.075 mbar

SOLID TOMATO
SEEDS EXTRACT

TPC and DPPH
CHARACTERIZATION

2cOolUNCO FINAL EVENT
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Box-Behnken design (BBD) /OPTIMUM EXTRACTIO\
EXPERIMENTAL FACTORS SOLID TOMATO CONDITIONS

SEEDS EXTRACT 0
MAE UAE afe MAE
t (5 — 30 min) t (5 - 15 min) |:> ,. AR T=80°C

R 1 oy . .
T (40 — 80 °C) A% (40 — 100%) fﬂﬁ‘ o 0 f‘— t =15 min
%EtOH (40 — 80% V/iv)  %EtOH (40 — 80% V/v) V=80 mL

. ' 0 — R0
V (50 — 80 mL) l 2 - /()EtQH .—.63 Yo VIV
Desirability = 0.914

TPC and DPPH
RESPONSE VARIABLES TPC and DPPH CHARACTERIZATION |:>

DATA REGRESSION

Statgraphics®

@ t=15min
. oo
OPTIMUM EXTRACTION {jmp"t“?e 0804
CONDITIONS A)EtQH .—.61/0 viv
@ Desirability = 0.952
VERIFICATION

/

.:xCOfUI"v"’ FINAL EVENT 23
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OPTIMIZED EXTRACTS CHARACTERIZATION

MAE vs UAE

3.0 35
o | 3:5 e 30: MAE .
L2 2.5 ' o 7] UAE E 1) MAE optimized extract

> : 8 55l showed HIGHER RESPONSES:

@ 2.0- 2 =)
o |l = 20- ._ v TPC
2 151 » = § ; v DPPH
8 g 151 v FRAP
Z b 2 v ABTS
& ) S 1.0 1 l
2 05- s 1 7
S Z 77 | & 951 2) PHENOLIC PROFILE

0.0 g 777 Z 777 50 ' ' ' Z determination by HPLC-MS

TPC DPPH ABTS FRAP -

chilorogenic acid rutin naringenin MAE optimized extract

v Good thermal stability for MAE showed HIGHER contents in

and UAE extracts (200 °C)

v" CHLOROGENIC ACID

100 -4
—N

o, v RUTIN
v NARINGENIN

Weight (3)
s 3

s
(-]
L

"
o
1

a) MAE

Raw Material

[~}

§1
g

v T .y v
100 200 300 400
Temperature (°C)

2ColUNCO FINAL EVENT 24



1t CONFERENCE ON £/
GREEN CHEMISTRY & (€74
SUSTAINABLE COATINGS v

Q LIPIDS from TOMATO SEEDS
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Q FATTY ACIDS

DRIED TOMATO
SEED POWDER
(TS)

EXTRACTION
of
FATTY ACIDS

MA

Box-Behnken
design

dp<1mm

Food grade solvent
Ethyl acetate:ethanol (2:1)

CENTRIFUGATION
5300 rpm
10 min, 25 °C

CONCENTRATION

45 °C, 100 mbar

TOMATO
SEED OIL (TSO)

FAMEs

DERIVATIZATION
WITH SODIUM
. METHOXIDE

ORGANIC LAYER
GC/MS ANALYSIS

SZCOfunC"'“' FINAL EVENT
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DERIVATIZATION
WITH SODIUM  FAMEs

_ METHOXIDE
Box-Behnken design (BBD) ;

O e )

EXPERIMENTAL FACTORS
ORGANIC LAYER

MAE GC/MS ANALYSIS OPTIMUM EXTRACTION
. [> E> CONDITIONS
t (10 — 30 min)
T (40 — 70 °C)
V (50 — 80 mL) QUANF'ﬁmgiTION SV = ethyl acetate:ethanol (2:1, v/v)
RESPONSE VARIABLES DATA REGRESSION tT:—lgorTc])i(I;
Palmitic acid (C16:0) Statgraphics® y —_80 o~

Stearic acid (C18:0)
Oleic acid (C18:1)
Linoleic acid (C18:2)

OPTIMUM EXTRACTION
CONDITIONS

Y= Bot ) BiXit ) BiXZ+ D > By XX, &

VERIFICATION

.JCO‘FUT‘!"‘ FINAL EVENT 27
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FAMEs PROFILE by GC/MS MAJOR FAMEs COMPOSITION in OPTIMIZED TSO
30 — 4
| (56.7%)
1 o
20 CEJ') 100 -
:S; 15 — g 75-
E :
5 , 8 (22.6%)
10 4 w 504 =
g (14.8%)
;- = 25 [T
— (5.9%)
0 g T r e L |J :_J'A “r T T - = 0
; - ke - - - = C16:0 C18:0 C18:1 C18:2

Retention time (min)

FOUR MAJOR FAMEs v Enhancgd TSO extra_ction yiel_d compared to
1: Methyl palmitate (C16:0) o/ Other FAMES conventional extraction techniques
g memy: sTea:ateC(%lliB:O) ;‘r’gkggfguﬁgg o TSO FAMEs relative composition in close agreement
4: Mgtm);I :i)neoalleilt(e (cis):z) only up to 4.6% with other authors _
v Approx. 80% of unsaturated fatty acids.

,z)COfUTV' FINAL EVENT 28
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TOCOPHEROLs CONTENT AND ANTIOXIDANT ACTIVITY

500

400 +

tomato seed oil

300 - (97.6%)

200 -+

100 +

Tocopherol content (mg kg, ")
DPPH antioxidant activity (mg;. kg, ")

(2.4%)

a-tocof)herol v-toco'pherol Dp|5|_|

\/ y-tocopherol major homologue
\/ TSO showed antioxidant activity

;?/cofun(’ FINAL EVENT 29



1t CONFERENCE ON
GREEN CHEMISTRY &
SUSTAINABLE COATINGS

() FATTYACIDS CENTRIFUGATION DERNATZATION -
LAE M, 25°C  Ctnes tormba . METHOXIDE
TS .
S il 1IN o
of ' g o a
FATTY ACIDS or i e T \ ORGANIC LAYER
; 7 —’,,t{ E HE | " — GCIMS ANALYSIS
t =5 min; A = 100 % o) S o
=5min; A= | -
0 p—_—n =UAE-SV2 MAE vs UAE
& [ |UAE -sv3
g
o 80
UAE g MAE showed
VA ethyl acetgte:ethanol (2:1, viv) E = better results
2&2 n-Eexane:|50|t)trop§nolt(h3.2, ;//\é)ll.l v g ] compared to
3 n-hexane:acetone:methanol (2:1:1, v/v/v) . ] UAE for fatty
! acids extraction
0 4

C16:0 C18:0 Cig:1 C18:2

z)cofunf" FINAL EVENT 30
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ARCHA (etavor “bio-mi (Y condensia Huhtamaki
The .
Z Fraunhofer E o SEIRIS Kneia

“’ LUCENSE € SSICA d (K) ORGANIK KIMYA

ALYAS SR T R R A L (G M

TI i Universitat d"Alacant
e aic = Universidad de Alicante
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CONCLUSIONS

The development of innovative, fast and efficient methods based on MAE and UAE for
the extraction of high value chemicals from agro-food residues is an interesting approach
to obtain high added value compounds, such as polyphenols, lipids and cutin for
biopolymers and coating applications.

Circular economy represents challenges
and opportunities for companies and
citizens to improve life quality B oo B circutor

economy economy

QCOfun('"' FINAL EVENT 32
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THANKS FOR YOUR ATTENTION

3 de ansiisis de polimeros y nanomateriales

._If;; Universitat d’Alacant
!E-! N B P A Universidad de Alicante

Contact: Prof. Maria del Carmen Garrigds
University of Alicante

mc.garrigos@ua.es
https://web.ua.es/en/nanobiopol/nanobiopol- BIOPOL-2022
group-of-analysis-of-polymers-and- Alicante, 14™-16™ November 2022

nanomaterials.html

,-;fscofunr' FINAL EVENT 33



15t CONFERENCE ON 6;” >
GREEN CHEMISTRY & R &4
SUSTAINABLE COATINGS 4. /

i

Agro-food Wastes as a Source of Antioxidants, Lipids and Cutin
by Microwave-assisted and Ultrasound-assisted extraction
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