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OLIVE OIL PRODUCTION

0 One of the most widely consumed oils
0 Economicimportance for Mediterranean countries

2.4 million tons of m) 95% of total world
olives/year uction,. : .
/Yy m) BYSHRAtined for olive oil
production (Solomakou and Goula,
2021)
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Fig. 1 Olive oil production within the European Union (International Olive Council, 2021)



OLIVE OIL EXTRACTION SYSTEMS
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OLIVE MILL WASTEWATER

 Liquid waste of three-phase extraction

Olives (1000 kg) Oil (200 kg)
: , system
Washing water (100-120 Solid waste (400 kg)
Aqueous, dark, foul smelling
kg) Wastewater (600 kg) High organic content (57.2-62.1%)

Acidic character (pH 2.2-5.9)
Phenolic compounds (up to 80 g/L)

S U e -
b

Olives (1000 kg) .
_ Oil (200 kg)
Washing water (100-120 _
<) Solid waste (800-950 kg)
g

Olives (1000 kg)

Oil (200 kg)
W+hing water (100-1|20
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Mixing water (500-1000 | | (Ochando-Pulido et al.,
L) 2013)
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OMW MANAGEMENT
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Anaerobic treatment

Microbial Biomass Fermentation Olive-Mill
(Animal feed and Wastes

agronomic use)
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Biopolymers

(Polysaccharides
and bioplastics)
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or adsorption

?

Phenolic
Compounds




Hydroxytyrosol

Comselogoside

uteolin (R,, R OH)

RECOVERY OF
PHENOLIC
COMPOUNDS

oH ~
oy, L
1.0
OH

s »—OH

OH
0O

Oleuropein

| OH OH

OH
Holo

HO D/\)‘\
Tyrosol

Caffeic acid

||||O

OH

HO
o\m H “ ©

Quercetm(R =0OH,R OH)
Aplgenln(R =H, R,=OH)

=i

XM W

H O,,/ X OH
J (0]
(0) O “, 7
z A
. LOH OH
Y.Y
o \\\\\\ O /// O H O

p-Coumaric acid

Verbascoside @) OH

HO
HO

HO OH 3
Gallic acid OH

Olive fruits .
Olive leaves



RECOVERY OF BIOACTIVE COMPOUNDS

Membrane separation

Extraction

Chromatographic separation
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Transfer of a solute from either a gas or
liquid/solution to a solid. The solute is held to
the surface of the solid as a result of
intermolecular attraction with the solid
molecules.

Stage 1: Difussion on the
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v/ The best, effective, low-cost and frequently used method



ADSORPTION AFFECTING PARAMETERS

\
Temperature
\
pH

" Solvent of adsorbate/sorbent

ratio
Initial concentration of

A
adsorbate dsorbate

/
Particle size of biosorbent Adsorbent

Adsorption



ADSORBENTS

COMMERCIAL ADSORBENTS

Activated Carbor
Graphite J

Silica Gel 3

Zeolite

- High initial cost
- Need for regeneration

BIOSORBENTS

¢ Natural materials from

food industry
v Low cost & abundant
v Environmentally
friendly




BIOSORBENTS

Biosorbent

Pine wood
char

Oak bark
char

Banana peel

Banana pith

Apple
pomace

Adsorbed compound | Yie

Pb, Cd, Ar from water

Cd from water

Pb from water

Cr from leather
tanning

Direct red from water

Acid brilliant blue
from water

Textile dye effluent
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SPENT COFFEE GROUNDS (SCG)

0 SCG consists a dark colored solid residue, with high moisture content, coffee aroma
and high organic content

0 1ton of green coffee beanap 650 kg of SCG

0 1kg ofsoluble coffeamp 2 kg of wet SCG

(Murthy and Naidu, 2012 and Mata et al,

2018
0 It consists mainly of carbohydrates, lipids, prote)ins and polyphenols




WASTE MANAGEMENT

Waste management of coffee by-products (U.S. Environmental Protection Agency (EPA, 2017).

v Low cost & abundant biosorbent
v Environmentally friendly

v Source of bioactive components
¢/ Used only as activated carbon




¢ Holistic exploitation of SCG as a source of
phenolics and as a biosorbent for the
recovery of bioactive components from
oMW

AIM OF THE v Optimization of batch adsorption process
STUDY v Experimental  adsorption of  pure

compounds in order to investigate OMW'’s
adsorption mechanism

v Development of a novel, low cost method
for the recovery of phenolic compounds
from OMW and their exploitation as food
additives in food industry




1ATERIALS AND METHOD




WASTE PREPARATION & EXTRACTION
PROCESS

Waste after
beverage production

Drying
(40°C, 24 h) > »

Determination o
phenolic
compounds

S

Drying
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Extraction an
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Batch
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SCG PHENOLICS EXTRACTION

\

Conventional extraction

Ultrasound-assisted extraction

Microwave-assisted extraction

Optimum

Yield:
18.54 mg/g

d.b
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EXPERIMENTAL DESIGN- ADSORPTION

Statistical program
Minitab
(Release 13)

Input of factors to Experimental 31 adsorption

be tested design experiments

Parameters Levels (RSM Methodology)

Initial
Liquid/Solid concentration
o
Tee)  pH (r, mL/g) of phenolics Yield (%) = C"C‘C X 100
e Temperature: (Come/L)
. pH:2-10 20 2.00 0.01 50.0
e L/S ratio: 0.01-0.05 30 400 0.02 162.5
4 . : 275.
mL/g 0 6.00 0.03 >0 C: Remaining phenolic
50 8.00 0.04 387.5 . :
concentration in solution
60 10.00 0.05 500.0

after adsorption
Every experiment in 6 intervals: 0, 10, 20, 40, 60,120 min



ADSORPTION ISOTHERMS

% Langmuir Isotherm

Ce_ 1 Ce

q_e_ bQm Qm

% Freundlich Isotherm

1
nlincCe

Inge=In Ke+

% Temkinlsotherm

RT RT
= — - —
o BTInKT Brlnce

¢, (g/L): unadsorbed phenolic compounds concentration in solution at
equilibrium

q,(mg/g): amount of phenolic compounds adsorbed at equilibrium

b (L/g): equilibrium constant or Langmuir constant related to the
affinity of binding sites

Q_ (mg/g): a particle limiting adsorption capacity when the surface is
fully covered with phenolic compounds and assists in the comparison
of adsorption performance

K. : Freundlich constant (indicates adsorption capacity of adsorbent)

n: constant thatshows greatness of relationship between adsorbate
and adsorbent

B, (kJ/mol): Freundlich constant that shows adsorption capacity of
adsorbent



ADSORPTION OF MAIN PHENOLIC

COMPOUNDS
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ESULTS AND DISCUSSIOI




ADSORPTION OF OMW PHENOLIC
COMPONENTS
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ADSORPTION OF OMW PHENOLIC
COMPOUNDS
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ISOTHERMS

Maximum adsorption capacities (q,,,,) of phenolic
compounds from OMW onto various adsorbents

Freundlich (Solomakou and Goula, 2021)
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ADSORPTION OF MAIN PHENOLIC COMPOUNDS

p-coumaric acid 0

Y=38.549

10 15 20
Time (min)

oleuropein

H |
LN\ OO
HO N “OHON

OH 0
MW: 540.5 g/maql,

0
Fo
O\

Time (min)

Cgae mg/L

Cgae mg/L

o N B O ©

10

8

(0))

NN

@)

caffeic acid
HO
W ”
HO W:180.16

g7mol

0 5 10 15 20 25

Time (min)

10 15

Time (min)

OPTIMUM CONDITIONS

10 tyrosol OH
: o
= HO W:138.16
g’ 6 g7mol
g W
54
o

z

0 5 10 15 20 25
Time (min)

HQO
HO

gallic acid

COOH

HO mw:170.12

Y=10.44%

10 15 20 25
Time (min)

T=50°C, pH=4.0,r=0.02 g/mL, C,=200 mg/L




—
o

—

o

oMW

MIXTURE OF OMW'’s
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CONCLUSIONS

OMW phenolics presented maximum adsorption
yield of 47.38% using SCG as biosorbent, value
considered satisfactory given the omission of
thermal or chemical activation

Adsorption of model OMW phenolics presented
similar efficiencies

Main adsorbed phenolics appeared to be
p-coumaric and gallic acid and hydroxytyrosol

Adsorption is influenced by the presence of
individual phenolic components
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