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Structural Waste in the Food

t . . .
SM'% gme major COﬂtFIbU.tOI?S to environmentalg|GURE ES.I. Indicative shares of the approximately 10 GtCO,-eq of total
degradation and GHG emissions [1] greenhouse gases emitted by the global agri-food sector in 2010.

Sources: IPCC, 2014. 5* Assessment Report- Mitigation: Chapter |1, Agriculture forestry and other land
use; Chapter 10, Industry; Chapter 8, Transport. FAO, 201 la.

POST-HARVEST BEHIND THE FARM GATE
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[1] FAO “Energy - Smart” Food for People and Climate: Issue Paper 66
(2011) Ruminants [3]

[2] Sims et al. Opportunities For Agri-Food Chains To Become Energy- Irrigation
Smart (2015) Machinery
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Structural Waste in the Food

Syr%tcﬁ% major contributors to environmental
degradation and GHG emissions [1]

Some Numbers:

" 31% of the food edible mass is left along the
chain [3]

[1] FAO “Energy - Smart” Food for People and Climate: Issue Paper 66
(2011)

[3] Macarthur, E. Growth within: a circular economy vision for a
competitive Europe. Ellen MacArthur Found. (2015)

Introduction

FOOD WASTE
31% of food produced
is lost or wasted

69% consumed

11% consumer waste

20% value
chain waste [3]
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Syr%tcﬁ% major contributors to environmental
degradation and GHG emissions [1]

FOOD WASTE
31% of food produced
is lost or wasted

Some Numbers:

" 31% of the food edible mass is left along the
chain [3]

69% consumed

Biorefinery
Concept

11% consumer waste

[1] FAO “Energy - Smart” Food for People and Climate: Issue Paper 66
(2011) 20% value

[3] Macarthur, E. Growth within: a circular economy vision for a chain waste [3]

competitive Europe. Ellen MacArthur Found. (2015)
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Apple seeds: a hidden

r%ﬁﬂy!&% is a by-product of juice production
[4]

= Abundant in the Italian region of South Tyrol
[5]

19 000 hectares of dedicated area
50 % of the national

15 % of the European

2 % of the global apple market

= 70 million tons produced yearly worldwide [6]

=25 - 35 % of the raw material weight is
residue
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r%ﬁﬂy!&% is a by-product of juice production
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= Abundant in the Italian region of South Tyrol
[5]

19 000 hectares of dedicated area
50 % of the national
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2 % of the global apple market

= 70 million

=25 -
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S Eroduced yearly worldwide [6]
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Research questions

" What are the characteristics of residues after both treatments ?
®= How the extraction affects sample thermal properties ?
= Can spent biomass after the extraction be further valorized thermochemically ?

Oil and
Liposoluble
compounds

Supercritical U

Co,
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Samples before and after
em;ﬂgl.jéi%isis

e Ashes
* Moisture content

* Ultimate Analysis
* Elemental Analyzer (CHNS)
* Fourier-Transformed Infrared analysis with
Attenuated Total Reflectance (FT-IR / ATR)
* Thermal Analyses
* Calorimetric Bomb

* Thermogravimetric coupled with Fourier-
Transformed Infrared for Evolved Gases
Analysis (TG / FT-IR / EGA)
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Elemental analysis

Before Extr. After Extr.
Moistu % 5.42 £ 0.13 5.47 +

re 0.16
C %wt, 53.50 + 46.90 +
0.17 0.23
H %wt, 7.30 = 0.01 6.30 +
0.04
N %wt,, 6.71 + 0.15 9.30 =+
0.10
- drybasis ofwt - 0.66 + 0.12 0.60 =
0.03
(o) %wt,,  31.80 36. 90
Ash %wt, 3.50 + 0.10 4.21 +
0.05
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Elemental analysis

Before Extr. After Extr. Carbon
Moistu % 542 =+ 0.13 547 =
re 0.16
C %wt, 53.50 =  46.90 *
0.17 0.23
H %wt, 7.30 = 0.01 6.30 =
0.04 Hydroge
N %wt,, 6.71 = 0.15 9.30 = n
0.10
- drybasis ofwt - 0.66 + 0.12 0.60 =
0.03
0 %wt,  31.80 36. 90 Sulphur

Ash %wt, 3.50 + 0.10 4.21 *
0.05
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Elemental analysis Higher Heating Value
Before Extr. After Extr. Before Extr. After Extr.
Moistu % 5.42 + 0.13 5.47 + HHV J/g 22572 + 84 18241 +
re 0.16 35
C %wt, 53.50 % 46.90 *
0.17 0.23
H %wt,, 7.30 £ 0.01 6.30 +
0.04
N %wt,, 6.71 £ 0.15 9.30 +
*dh: drs hacic 0.10
S %wt,, 0.66 = 0.12 0.60 +
0.03
(0 Y%owt,, 31. 80 36. 90
Ash %wt, 3.50 = 0.10 4.21 =+
0.05
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Results :
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Higher Heating Value

Before Extr. After Extr.

Before Extr. After Extr.

Moistu % 542 + 0.13 547 =+ HHV J/9 22572 + 84 18241 +
re 0.16 35
C %wt,, 53.50 * 46.90 =
0.17 0.23
H %wt,, 7.30 = 0.01 6.30 =+ HHV difference Before Vs
0.04 After Extr.
N %wt,, 6.71 £ 0.15 9.30 =
*dh: Ar/ hacic 0.10
S %wt,, 0.66 = 0.12 0.60 *
0.03
(o) %wt,, 31.80 36. 90
Ash %wt,, 3.50 £ 0.10 4.21 +

0.05




e Freie Universitat Bozen

unibz Libera Universita di Bolzano R It
=== Free University of Bolzano e S u S

Preliminary assessment by

8 838 § 8 8 83558383
FT-IR / ATR g 8% ¥ E 5 §LEBERERE
] o
Wavenumber (an?) Vibration Suggested moleaular assignment e
3293 N-H and O-H stretching Polysaccharides and proteins |
3009 C=H stretching Unsaturated lipids & !
2023 C-H stretching (asym. *) Mainly lipids, proteins and carbohydrates © 'i
2854 C-H stretching (sym.®) Mainly lipids, proteins and carbohydrates 5 f
1744 C=0 stretching Lipids N - I
1645 C-O, CN stretching Amide | (protein) (|
CN stretching : . ® L
1538 N-H bending Amide Il (protein) E E i I _Il i
1456 CHz bending Lipids o il !-I
QHbending : : <5 [l '
1398 Q00 stretching (sym.”) Proteins and fatty acids = il i"‘. I :!|..:
1237 PO? stretching (asym. *) Phospholipids (mainly phosphatidylcholine) \ N '| I A \ \ I_:“\!J
Q0-O-Cstretching (asym. *) : ; : Q| . M [V AT
1159 QO stretching Esters, oligosaccharides, triacycdglycerols p= ¥ .I | \ \»f
1060 PO? stretching (sym.°) Nudeic acids : I
QO stretching Starch 8 il . [ s J : : :
=600 O-GObending Q2 ° 3500 3000 2500 2000 1500 1000 500
asym. * = asymmetrical bond stretch sym.° = symmetrical bond Wavenumber cm-1
stretch Before Extraction in Blue After Extraction in Green

Table Taken from [7] B.J. Lee et al. Discrimination and prediction of the origin
of Chinese and Korean soybeans using Fourier transform infrared
spectrometry (FT-IR) with multivariate statistical analysis, PLoS One. 13
(2018)
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Preliminary assessment by

8 238 N8 8 835587083
FT-IR / ATR § EiE £ 3 5 9LERERTEE
\ vzl
Wavenumber (an?) Vibration Suggested moleaular assignment recr
3293 N-H and O-H stretching Polysaccharides and proteins i
3009 C=H stretching Unsaturated lipids g I
2923 C-H stretching (asym. *) Mainly lipids, proteins and carbohydrates ° ‘i
2854 C-H stretching (sym.®) Mainly lipids, proteins and carbohydrates 5 f
1744 C=0 stretching Lipids N - I
1645 C-O, CN stretching Amide | (protein) (|
CN stretching : . ® Il
1538 N-H bending Amide Il (protein) E E i .I | _Il i
1456 CHz bending Lipids o il !-I
CHsbending . . <5 L L
1398 Q00 stretching (sym.”) Proteins and fatty acids = . i"'. I :!|..:
1237 PO? stretching (asym. *) Phospholipids (mainly phosphatidylcholine) [ || 1 ! \ \ I;“\!J
Q0-O-Cstretching (asym. *) : . : 9 | o~ [V N
1159 QO stretching Esters, oligosaccharides, triacyclglycerols p= | (! \
1060 PO? stretching (sym.°) Nudeic acids . [¥
QO stretching Starch 8 [ Eaa | : : :
=600 O-GO bending @z ° 2500 2000 1500 1000 500
asym. * = asymmetrical bond stretch sym.° = symmetrical bond Wavenumber cm-1
stretch Before Extraction in Blue After Extraction in Green

Table Taken from [7] B.J. Lee et al. Discrimination and prediction of the origin
of Chinese and Korean soybeans using Fourier transform infrared
spectrometry (FT-IR) with multivariate statistical analysis, PLoS One. 13
(2018)
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Thermogravimetric analysis Apple seeds before extraction analysed by TG in Air
(ID: Pre-Air)

" Weight difference in relation to the

Temperature
= Useful to physically characterize how a 16 /% 4;_ak 9 To end DTG /(%/min)
material reacts with temperature TG Onset: 282.6 °C
. _ _ . . 100 {; 2
= Using N, is possible to replicate pyrolytic || DTG 9
reactions il LR =TI
\/ TN g
. ] “\ / -1
= Samples before and after extraction have o0 S __2
been analyzed in air and N, 40 7 595.9°C 3
= A FT-IR spectroscopy can be coupled to TGA 20 339.4 °C ‘5‘
to obtain real-time information about the N |
evolved gases during thermochemical 100 200 300 400 500 600 700 800

reactions Temperature /°C
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TG /% DTG /(%/min) TG /% DTG /(%/min)
100
100 { sk e
- ' i % e “° = Pre-N,
Pre-Air ol i 1
e
. / o i -2
60 s ,"/ . 60 -3
< \\‘\wp‘/.* '2
40 595.9 °C | " i
\..\ : , i 40 -5
20 330 ¢ 30
e o _5 "6
20
0 -6 -7
100 200 300 400 500 Z:600: 700 - 200 100 200 300 400 500 600 700 800
Temperature /°C Temperature /°C
TG /% DTG /(%/min) TG /% DTG /(%/min)
100 : g 100 {;
i AR
" Post- sof & / : i
Air - - = " Post-
60 Y ! i 70
\ A 60 N2
40 i g Sy 2
i 531.6 °C 50
20 276.6°C | > 40
“_324.5°C B .
-4
100 D00 300 40 L sp0 tiie00 700" 800

Temperature /°C

300 400 500

Temperature /°C

600 700 800
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Thermogravimetric analysis

" Peak Temperatures

Differences Air Pre
Vs Post °C
T° Onset - 26.8
T°C Onset 1st peak T° First DTG Peak -17.0
PreAr 277.6 +35 3403 +0.7 -W T° Second DTG Peak | - 65.3
Post-Air +2.6 +1.6 _ 526.0 +5.8
Pre-N, 26 § +0.6 = 3934 +13 Differences Na Pre
Post-N, 2709 0.7 | 3263 +0.1 | 3453 +06 Vs Post °C
T° Onset -11.2
T° First DTG Peak -19.7
T° Second DTG Peak | - 48.2
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Thermogravimetric analysis

" Peak Temperatures g
Differences Air Pre
Vs Post ( °C
T° Onset - 26.8
T°C Onset 1st peak T° First DTG Peak \-17.0
PreAr 277.6 +35 3403 +0.7 -W T° Second DTG Peak | 26573
Post-Air +2.6 +1.6 526.0 +5.8
Pre-N; +2.6 +0.6 3934 +13 Bifferences No Pra |
Post-N,  270.9 +0.7 +01 (13453 +06 Vs Post V°C
T° Onset \ 11.2
T° First DTG Peak 19.7/
T° Second DTG Peak | \48.7
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Thermogravimetric analysis

= Mass Changes from total mass

Differences Air Pre
Mass | Mass _ Unburnt V§ Post %
o, change chang Residua - First Peak -4.74
Yo (residual -
1st e to | Mass ashes) To end 251
peak | end Residual mass 2.43
Pre-Air 33.46 | 55.68 | 10.66 7.16 Unburnt 171
Post- Differences N, Pre
Air 28.72 | 58.19 | 13.09 8.88 Vs Post %
Pre-N,  34.01 | 39.67 | 26.33 22.82 First Peak 3.90
Post-N, 37.91 | 28.26 | 33.84 29.62 To end -11.41
Residual mass 7.51
Unburnt 6.80
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Thermogravimetric analysis

= Mass Changes from total mass

Differences Air Pre
Mass Mass _ Unburnt v§ Post %
o, change chang Residua - First Peak -4.74
Yo (residual -
1st e to | | Mass ) To end 251
peak | end 7 he \ Residual mass 2.43
Pre-Air| 33.46 | 55.68 @ 10.66 [ 7.16 \ Unburnt 171
Post- Differences N, Pre
Air 28.72 | 58.19 | 13.09 \ 8.88} Vs Post %
Pre-N,  34.01 | 39.67 | 26.33 22.87 First Peak 3.90
Post-N, 37.91 | 28.26 | 33.84 29.62 To end -11.41
Residual mass 7.51
Unburnt 6.80
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=203°C
=226°C
=250°C
=373°C
=207°C
=320°C
=343°C
=367°C
=390°C
=414°C
=437 °C
=461°C
=484°C

=
o
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TG/FT-IR/EGA in air

= Band at 3295 cm-t corresponds to O-H stretching
vibrations [9]

=
=}
&

<
=)
&

Absobance (a.u.)

" Peaks at around 3000 cm-1 are due to the aliphatic

saturated C-H stretching vibration [9]
" Bands between 1600 and 1800 cm-t are indicative of
free and esterified C=0 groups [9] T weewmertem
" The peaks at about 1000 cm-1are assigned to C-O-C
linkage of lignocellulosics [9]
= Peaks at 877 cm-1characterize B-glycosidic linkage of 3
cellulose [9]
" Isocyanic acid peak (CHNO) at around 2250 cm-1[8]
[8] NIST Standard Reference Database 69: NIST Chemistry WebBook -
[9] Sidi-Yacoub et al. Characterization of lignocellulosic components in 0.00
exhausted sugar beet pulp waste by TG/FTIR analysis. J. of Thermal Analysis 2000 2100 2200 2300 2400 2500

Wavenumber [cm 1]

and Calorimetry (2019)
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TG/FT-IR/EGA in N,

EUDS
" Befor -
e <
= C-H stretch below 3000 cm-1 in samples before Extr. oot
extraction: Possible fatty acids in gas phase [8] | 4
S
" |In samples after extraction, peaks overlap at around 1600 1800 200 2200 200 2600 2600 3000 %o
2300 Cm_l [8] Wavenumber [crm™*1 Eigggg
" Evolution of gases at different temperatures in the |
C=0 region (1600- 1800 cm-1) in post extracted ﬂ — [r=s81c
samples o " —_—r
= Derivatives of Furan from carbohydrates gm
[8] NIST Standard Reference Database 69: NIST Chemistry WebBook £
Extr.

0.00

1600 1800 2000 2200 2400 2600 2800 3000
Wavenumber [crn 1]
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To recap:

" Apple seed as interesting resource for valued compounds

= Effect of extraction on thermochemical properties by means of TG/FT-IR/EGA
® Lipid extraction affects thermal properties, reducing HHV

® Increase in char yield in samples after extraction
® Lipids volatilizes into gaseous fatty acids

= Future research: Thermal consequences of further extracting water soluble compounds (e.g. polysaccharides,...)

Oil and Water soluble
Liposoluble compounds
compounds
LY : 4
. » & II» & » - -
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Thank you for your attention

Thermochemical valorization of spent apple seeds
J. Paini, V. Benedetti, M. Scampicchio, M. Baratieri, F. Patuzzi

Jacopo Paini: Jacopo.paini@natec.unibz.it
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