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Objectives

Valorisation of spent coffee grounds (SCGs) from catering services

Biorefinery development for the production of value-added products

Experimental design for the alkaline pretreatment of residual SCGs

Valorisation of SCGs hydrolysate via bioprocess development for microbial oil production
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Spent coffee grounds (SCGs)

In 2019, over 1.8 million t of coffee were processed in the European Union
European coffee consumption in 2018/2019 generated an estimated 6.5 million t of SCGs

For every kg of coffee beverage, 2 kg of solid waste are produced as SCGs

SCGs management 1s an important issue in the EU ; More than 330,000 t of
/ SCGs are generated from
Nowadays, the majority of SCGs is disposed via landfilling ! coffee catering services
! in the EU
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Biorefinery development of SCGs

\

Conventional and

‘ prospective

applications

Protein

Minerals

= Carbohydrates
Lipids

Phenolic compounds

Feed additive

Fertilizer

Cosmetics industry
Pharmaceutical industry
Biofuel production

Microbial fermentation
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Central composite design

Experimental design Pretreatment stage T B B R
1 | 1 1.7 130
[ Spent Coffee Grounds [ Residual SCGs ] 2 : ! L 50
(SCGs) 3 -1 1 0.3 130
| 4 -1 -1 0.3 80
Alkaline pretreatment / . Lald 0 2 105
Solid to liquid ratio: 1:10 (w/v) 0 om0 .
. 7 0 1.414 1 140
Pretreament duration: 1h g 0 1414 ) 70
| X1: NaOH: 0-2% (w/v) 5 0 0 : 105
X2: Temperature: 70-140°C 10 0 0 1 105
Recovery of value-added l 11 0 0 1 105
components Enzymatic hydrolysis 12 0 0 1 1
l Commercial enzymes

Temperature: 50 °C

= Coffee oil Bioprocess development for
= Phenolic compounds microbial oil production

[Sugar—rich hydrolysate ]__ Fermentation —%

\ 4

[ Residual SCGs ]
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Compositional analysis of SCGs

Composition

(% dry basis) This study Literature
Ash 1.8 04-22

~ Protein 148 6.7-13.7
Oil 12.2 10.0 - 15.0 i
© Phenolics 092 ’
I{'___G]ﬁc_aﬁ ________ 10.6 8.6 - _15.3__‘:
E Hemicellulose 28.9 30.0-39.0 E
T rabinan o 17

Mannan 17.2 21.2

Galactan 8.9 13.8

Xylan 1.0

( Lignin 28,1 23.9-33.6
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Recovery of value-added components

-_——— =

N - — -
1st extraction 2nd extraction 3rd extraction 1st extraction 2nd extraction 3rd extraction

= FEthyl acetate

Hexane o Ethyl acetate
100 ’ = 100 7 -
97.839435589 9¢ 852734969
. . 95.123375281 1 -
Extraction of coffee oil i I 93.908080298 ~ :
e . = 80 1 82.0699486 | : < 80 181.092372548 : :
: = = 1 ¥
Ld (3 (] - — w
. Extraction conditions: : > 60 1 : : > 60 : :
. .. . v I o
' Solid to liquid ratio: 1:10 (w/v) | 3 | : 5 : :
I I o 40 - I I o 40 A I I
. . [ 1 —
: Ultrasound 20 min, 3 times L2 | : = : :
: . . : - 20 A : : = 20 : :
i Different extraction solvents: ! I I I
|
. - : I :
= Hexane ! 0 I ! 0 I I
|
|
|
|
|

= Hexane resulted to oil recovery of 97.8%

= Ethyl acetate, as an alternative green solvent, led to oil recovery of 96.9%
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Recovery of value-added components

. . 1000 ‘
Extraction of phenolic | ]
2 900 1 I
compounds ° 903.66 | (228
S 800 - . .
FoommToTomTomommm ey 2 786.13 ! !
 Extraction conditions: : g 700 . .
| 1 ~ I |
 Extraction solvent: 70% EtOH ! £ 600 1 : :
I I % | 1 1
E Ultrasound 20 min, 3 times : g 200 E E
| o
: : . : @ 400 A
' Different solid to liquid ratio: : .= | |
: | ® 300 - : :
e 1:10 (W/V) I Q@ I 1
| ; 5 200 1 | |
1
L 1:30 (W/v) | 0 : :
e 1:10 (w/v) 1:20 (w/v) \ 1:30 (w/v) )

———————
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Biorefinery development of SCGs

— Composition of coffee oil
Glucan: 10.6% .
Ss Hemicellulose: 28.9% 3% \
—— Lignin: 28.1%
Oil: 12.2% =01
: Protein: 14.8% 45%
— /
Initial solid 1000 g
(dry basis) °
ienciion condivons : TN S T —
E Solid to liquid ratio 1:10 (w/v) P it bbb = Oil118.50 ¢ : HEe0 meso Heis Hcls2 Helss
' Ultrasound 20 min, x 3 times Ethyl acetate Recovery yield:
"""""""""""" extraction 97%,

\/

Residual solids

ool ittt | 881.5
i Extraction conditions - g 7.87 g CAE
: : : U~ 4T T ° i
| 7(;% EtO}é,zldloi(w/v; . ! " Cru de extract of phenolic 85% recovery yield
| Vltrasound 20 min. x Stimes | Extraction of phenolic | |-------------- g compounds 54.2 g i
compounds | |  tooooooooooooooooooooooos R
' Microbial oil |
Glucan: 12.1% : ' production
Hemicellulose: 33.5% Residual solids . Alkaline Enzvmatic hvdrolvsis ~~~ "~~~ ""° ‘
Lignin: 31.8% 8273 ¢g pre-treatment ¥ yaroly
Protein: 15.2%
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Alkaline treatment and subsequent enzymatic hydrolysis of
residual SCGs 100

® Glucan yield (%)
W Hemicellulose yield (%)
B Mannan yield (%)

Wi

80 1

60

Overall conversion yield (%)

0% NaOH, 1% NaOH, 1% NaOH, 2% NaOH, 17% 0.3% 1.7% 1% NaOH, 03%
105°C 105°C 140°C 105°C NaOH, NaOH, NaOH, 70°C NaOH,

Total sugars produced (g/L)

130°C 130°C 80°C 80°C
100
¥ Glucan yield (%)
< 80 - W Hemicellulose yield (%)
60 :’\6 ¥ Mannan yield (%)
Hydrolysis time (h) —g 60 - il
-
© 0% (w/v) NaOH, 105°C e
©0.3% (w/v) NaOH, 80°C 220 -
@ 1% (w/v) NaOH, 105°C T2
© 1% (w/v) NaOH, 140°C .
©2% (w/v) NaOH, 105°C 0% NaOH. 1% NaOH. 1% NaOH. 2% NaOH. 17%  03%  17% 1%NaOH. 03%
105°C 105°C 140°C 105°C NaOH. NaOH. NaOH. 70°C NaOH.
130°C 130°C 80°C 80°C
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Validation of experimental design

Optimisation approach(] Lignin removal (%)

NaOH (%, w/v) Temperature ("C) | NaOH (%, w/v) Temperature (°C)

(coded) (coded) (real) (real)
-1.3234 -0.2236 0.06 99.47
Constrains
Glucan removal (%) Hemicellulose removal (%)

<25 <25

Optimum response:

Lignin removal: 36%
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4 Total sugars (g/L)

Validation of experimental design S gmenelal)
2 4 ' 8
=
ks
Mg initial g final &
1001 \ - . (%8
: 7.14 7.34 T
_ | ag:
,g 80 = ! oC § %
= : re (°C) 3 2
B0 I ) 3 <0
S 60 1 : e
& - ]
I 7 5w
go 40 N ! ; g
= : ; §
e ! 0 10 20 30 40 50
o ! I Ty
= 20 | ) Hydrolysis time (h)
|
0 - :
" Hemicellulose Glucan Protein I
Overall glucan conversion yield:
63.4%
Overall hemicellulose conversion yield:
44.4%
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Fermentation with Lipomyces starkeyi for microbial oil

production
*FAN (mg/L) +DCW (g/L) <-Total Sugars (g/L) <+ Lipids (g/L) <+ Glucose (g/L) --Mannose (g/L)
350 150 ~ 80
~ g O
=) -130 = G’
g . %
= 110 2% S
) =% =
o) *~— i : &
R -0 2.4 o
L 70 o 0 &
= SHECR 7}
3= 50 ~ = 4]
z ® 3
= 130 O @ =
g & ©
£ ST
: 10 & 0 , : : :
200 250 0 50 100 150 200 250
Fermentation time (h) Fermentation time (h)
Fermentation time DCW Microbial oil content  Microbial oil Yield Productivity
(h) (g/L) (%) (g/L) (g/2) (g/(L-h))
170 87.5 49.0 40.2 0.16 0.24
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. 0%4%
D\

33%

Fatty acid methyl esters profile

\
\

6%

@ D “Palmitic acid C16:0
@) DPalmitoleic C16:1
[IStearic acid C18:0

4%

y | Y
Ferment(alllt)ion time i Palnéiltié (?cid i Palcn‘iié(:)ieic Stegrligzgcid (?leic acid C1 gil Lin(élle;cjzacid Others
25 i 36.4 : 3.1 9.9 i 43.8 : 0.5 6.4
94 i 33.5 i 3.5 6.0 i 52.4 i 0.2 4.4
218 343 : 0 6.8 561 I 1.6 1.2
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Concluding remarks

» Development of a novel biorefinery is a promising way to ensure sustainable SCGs, with the recovery of
value-added products

» Ethyl acetate could efficiently replace hexane as an alternative green solvent for the extraction of coffee oil

» The lowest removal of all components was obtained when the pretreatment was carried out at 105°C without
NaOH addition

» Optimum conditions for delignification of residual SCGs obtained were 0.06% (w/v) NaOH at 99.5°C leading to
lignin removal of 36%

» Fermentation of SCGs hydrolysate with Lipomyces starkeyi resulted in 87.5 g/L of DCW with 49% oil content
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Thank you for your attention!

This work was supported by the project "Production of sustainable biofuels and value-added products from
municipal organic solid wastes of catering services - Brew2Bio" (MIS 5071807) which is implemented
under the Action "Research - Create - Innovate", funded by the Operational Programme "Competitiveness,
Entrepreneurship and Innovation" (NSRF 2014-2020) and co-financed by Greece and the European Union
(European Regional Development Fund).
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