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Is the Orange peel from Colombia a
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INTRODUCTION
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Orange peel

143 million tons in 2019 of citrus fruits was
produced in 2019 (FAO)

15 and 25 million tons of citrus wastes are
produced by the citrus processing industries

After its consumption three wastes are

generated
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INTRODUCTION

Solid:Liquid extraction (SE)
. Parameter SE SFE
Conventional
technology Principle: combining the solid with a I @ @
solvent in which the metabolite is soluble. nvestment cost
Selectivity @ @
Supercritical Fluid Extraction (SFE)
Pressure @ @
Non- Principle: combining the solid with a
conventional solvent (supercritical fluid) in which the Time @ @
technology metabolite is soluble. The metabolite :
CO, Cylinder
solubility in the solvent is modify by the - & E .
. o nergy consumption
addition of a co-solvent.

@ Solvent — Water, Ethanol, Ethanol solutions

The yield extraction is Obijetive:
influenced for: Technology — SE, SFE * To identify the most appropiate

) technology for the extraction of
Raw material — cultivation zone

flavonoids from Orange peel.
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METHODOLOGY: EXPERIMENTAL

Orange peel (Citrus sinensis var. Valencia )

Pretreatment 1. Moisture 5. Lignin Raw material characterization
1. Collection 4. Cutting Raw material 2. Extractives 6. Ash
2.  Pulpin 5. Sievin h terizati . Holocellul . Pecti
|C? g g characterization 3 olocellulose”7 ectin Extractives (NREL/TP — 510 — 42619)
3. Drying 4. Cellulose

C

Holocellulose (ASTM D1104)

SE
Agitation: 200 rpm
Experimental extractions S
Solid concentration: 0.2 g/mL . SFE @ Cellulose (T203 os—74 AST ]695—77D
Solvents: Ethanol, Ethanol 70%, Ethanol 50%, Pressure: 120 bar

and Ethanol 30%. Ethylene glycol as refrigerant ﬁ Lignin (NREL/TP — 510 — 42618)
Time: 30 min. Temperature: 30°C Supercritical fluid: CO,

Operation: dynamic mode (CO, =
feed continuously) in a ratio 1:18 - Ash (NREL/TP — 510 — 42622) )

" o]

TPC: Folin-Ciocalteu HPLC: Hesperidin, Rutin, @ Pectin (Yu et al., 1996)
Quantification of extractives Reducing sugars: DNS method Quercetin, Apigenin,
Naringenin ¢
ﬂ Moisture (NREL/TP - 510-42621)
Se—/
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METHODOLOGY: SIMULATION

Software: Aspen Plus v.9
Mass flow: 19 kg/h

~

Technical evaluation

Yield

Process Mass Intensity

Index

Mass Loss Index
Renewability Material

Index

Solvent Intensity Index

® N OGAMLODN =

Economic evaluation
Production cost (USD/kg)
Profit margin (%)
CapEx (USD)
OpEx (USD)
Payback period (years)
Net Present Value (USD)
Minimum selling Price (USD/kg)
Minimum Processing Scale for
Economic Feasibility (MPSEF)

L[]
* Thermodynamic models: The Predictive Soave-Redlich-Kwong (PSRK) for 1.
the SFE process and the Non-Random Two-Liquid (NRTL) for the SE process 2.
* Solid properties: Database of National Renewables Energy Laboratory I ar
(NREL) 4'
* Dead time: 15 min for the SE, and 10 min for the SFE.
* All the process considered the solvent recirculation and the extract 5.
\ concentration using evaporation.
Gas
» (O purge
¥ Valve
Backpressure Raw
regulator @
High- pressure Collector matcrial
extraclor unit l
Raw F
material ‘W Dryer 5
l Heal exchanger
- CO; reservoir e Pump e Valve 5( >
Dryer | — v
— Solid 5 s
> 0 : exhausted 3 g I:I ndex ><
i primary
Grinder K_><7 'y > /ﬂ\—b Extract
primary
l Co-solvent reservoir Pump Co-solvent
y purge Screen — 1
Screen — | Grinder
secondary
Screen—2

Heat exchanger

]

Solvent reservoir

Solvent recyleled

Solvent
=

Heat exchanger

Grinder
secondary

Screen — 2

T opurge

B — Lixtract

Heater

Solid
exhausted

Figure 1. Simulation flowsheet for the SE

Figure 2. Simulation flowsheet for the SFE process.
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RESULTS: CHARACTERIZATION
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0 High extractives content

Pourbafrani Marin et al. Ortiz et al. Mamma et Lachos et al. Satari et al.  This work

et al. al.

M Extractives Fats Hemicellulose Cellulose Lignin M Ash M Pectin

Figure 3. Physic-chemical characterization of orange peel and results reported in the literature.

Research group in Chemical, Catalytic and Biotechnological processes @



RESULTS: EXTRACTIONS

60 35
50 30
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40
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) I I I 5 I I I
EtOH 100 % EtOH 70% EtOH 50% EtOH 30 % EtOH 100 % EtOH70% EtOH 50% EtOH 30 %
m Yield* 2.53 22.53 21.89 21.95 | Yield* 3.85 4.49 6.24 2.86
DNS [mg RS/g] 47.8 46.6 45.9 45.3 DNS [mg RS/g] 10.1 11.2 31.1 3.3
m TPC [mg GAE /¢] 12.40 40.28 56.21 50.93 m TPC [mg GAE/¢g] 4.01 4.40 8.23 5.99
mFLA [mg QE/g] 12.36 24.60 18.52 14.58 mFLA [mg QE/g] 3.66 4.16 6.65 2.94
* kg/100 kg OP *kg/100 kg OP
Figure 4. Quantification in the extracts from Orange Peel using SE Figure 5. Quantification in the extracts from Orange Peel using SFE

Nishad et al. reported a TPC of 16.32 mg GAE/g using an EtOH
70% in UAE, with a flavonoid content of 1.06 mg QE/g
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RESULTS: EXTRACTIONS

4,000
3,500
"qc_) — 3,000
5 © 2,500
,‘g 8 2,000
o~
T -
o — 1,000
500 - T N .
0 L — — [ ]
SFE - EtOH SFE - EtOH SFE - EtOH SFE - EtOH SE - EtOH  SE - EtOH
100% 70% 50% 30% 100% 70%
B Apigenin 239.85 559.38 451.5 169.15 480.14 519.65
Quercetin 13.04 29.21 51.79 9.25 47.52 69.54
Naringenin 4.48 4.24 7.91 4.91 17.29 30.91
Rutin 5.02 15.26 24.4 2.18 115.04 327.36
B Hesperidin 57.29 153.32 149.6 24.03 320.21 656.03

Figure 7. Flavonoids identified in the extract from orange peel using SE and SFE

SE - EftOH  SE - EtOH

50% 30%
975.65 127.51
151.11 52.06
47.94 19.62
917.25 247.04

1,512.10 110

The grapefruit peel
presents a hesperidine
content of 0.74 mg/g.
Garcia-Castello et al.
report a hesperidine
content for grapefruit of
0.58 mg/g
Iglesias-Carres et al.
report a hesperidine
concentration of 17.93
mg/g in the orange peel
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RESULTS: SIMULATION

25.00
The SE requires less solvent that the SFE
20.00
B 1 5.00 — Low PMI values (<25,000): low waste
~ . = .
o — Q e generation
= =
< 1000 —
= = The SE present the lowest mass loss (MLI)
s0 = .
= = = Similar values of renewability was obtained
0.00 E —_— E _— RM|
OP SE OP SFE ( )
= Yield*® 16.36 7.25
PMI [kg/kgl 9.39 22.04 PMI (Process Mass Intensity)
MLI [kg /kg] 8.39 21.64 MLI (Mass Loss Index)
RMI [kg/kg] 0.65 0.61 RMI (Renewability Material Index)
= Sl [kg /kg] 1.64 5.15 Sl (Solvent Intensity Index).

* kg/100 kg OP
Figure 8. Technical indicators obtained from the simulations
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RESULTS: SIMULATION

Table 1. Economic indicators estimated in this work.

ltem

Production cost
Profit margin
CapEx

OpEx

Payback period
NPV in 10 years
MPSEF

Minimum selling price

Units
USD /kg
%
usSD
USD/year
years
usSD
tonne /day
USD /kg

SE
7.68

45.16
318,823.02
200,453.74

2.16
970,649.29
0.10
7.63

SFE
32.35

-130.38
1,000,327.37

373,431.54

-1,442,251.55
13.45

31.92
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CONCLUSIONS

Technically the solid:liquid extraction is better than the SFE. The use of ethanol as solvent with a
concentration of 50% improve the flavonoid extraction

The low extraction yields and metabolite concentration influence significantly the SFE economic
feasibility. As result, the SFE is not a good alternative to obtain an extract from the Orange Peel under
the conditions analyzed in this work.
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