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£ Objectives INVAL2R

Agricultural University of Athens

Renewable raw materials — winery by-products
Grape pomace

Grape stalks

Development of an integrated biorefinery for the valorisation of grape pomace and stalks generated after the

winemaking process of the Greek variety Agiorgitiko for:

The production of bio-based succinic acid

The extraction of value-added fractions (lipids and phenolic compounds)

Optimisation of enzymatic hydrolysis of pretreated grape pomace and stalks

Evaluation of different feeding strategies in the fermentation process
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| 4 Global wine production INVALYR
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Wine making worldwide production of 260 million hectoliters in 2020

World wine production in 2020
Greece | 2,2
Hungary — ] 34
Romania = 5.2
Portugal =1 53
Germany — 198
Australia. =" 125
Chile =129
Argentina "] 145

United States | 23,9
Spain | 40,9
France | | 46,4
Italy | | 48,5

) ) Million Ht_actoliters (m_hl)
International organization of vine and wine
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Z By-products produced from the wine making process INVAL2R
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K Bio-based Succinic Acid INVAL2R
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Succinic acid is one of the top 12 high-value-added bio-based chemicals

L : Industrial Applications
Intermediate in several chemical processes

Succinic Acid Market Size

_ Polyester
A PR polyols
& 200 -ﬁ ,;.,_,_,*
LET 6-%0/0 182,84 gy 1.4-
N CP,GY‘ ’ ' Butanediol Solvents &
Do . - Bulk (BDO) & Lubricants
E 131,73 SE. et chemicals Derivatives
< = N
> 100 Food &
g Beverages Industrial
S s applications ‘ Polybutyle
) ‘ ne
O
)
wn 0 :
2018 2023 =

7 W
Source: Markets and Markets

Bioplastics  Medical Field

Resins,
coatings,
Pigments succinate
& Inks (PBS)
Plasticizers
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*CAGR: Compound annual growth rate
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) % : Composition of Agiorgitiko Pomace & Stalks INVAL2R

gz)r’nc?royngggs) Pomace Stalks
| Free sugars 2.55 + 0,03 544+117 |

Protein 9.36 £ 0.50 7.12 +0.26
Lipids 8.20 + 0.07 8.07+0.73
Ash 479 +0.13 6.76 + 0.10 /Free sugars, cellulose\
and hemicelllose
Cellulose 20.90 £0.75 21.65+0.01 sources for succinic
Hemicellulose 13314053  1525+0.88 \_ acid production )
Tannins 2.62 +0.02 0.74 +0.09
TPC (g GAE) 2.47 +0.05 1.36 +0.07
Ethanolic extract presents:
TPC (mg GAE/ g extract) 185.75 + 3.75 57.34+4.71
Antioxidant Activity Index 1.03+£0.12 0.47 £0.02

TPC: Total Phenolic Content
GAE: Gallic Acid Equivalents
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A Process flow diagram INVAL2R
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Grape pomace

| Water extraction

l 1/10 wiv, 2h, 45 °C
Residual solids — —
[ Composition of Agiorgitiko pomace and stalks
Hexane extraction mixture before alkaline treatment
0
1/10 W/ViZh’ 25°C Lignin (%, dry basis) 34.32
o Cellulose (%, dry basis) 18.72
Lipids v _ _
Residual solids Grape stalks Hemicellulose (%, dry basis) 15.20
r | (1:1 ratio) | Protein (%, dry basis) 11.05
Extraction with Alkaline treatment Extractives (%, dry basis) 15.40
EtOH 70% — 0.5% NaOH 1%, 1/10 w/v, 3h, at 100 °C
HCI0.1 M v
l Residual solids
|
Acid hydrolysis _
Phenolic - rich H,S0, 3%, 1/4 wiv, 121 °C :
crude extract for 40 min igl
A S . i
Residual Enzymatic hydrolysis ‘i sugar - rich i Fermentation Succinic ‘.‘ B
solids (cellulase, p- " hydrolysate @ Wwith A.succinogenes Acid [&5

glucosidase, BSA) ! —

: GLOBAL S T
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44 Enzymatic hydrolysis conditions INVAL2R
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Pomaces & : . . Glucose
Delignification & Residual Enzymatic Hydrolysis :
stalks from . : > ) > rich
. Acidic hydrolysis solids :
Agiorgitiko fraction
Alkaline pretreatment (1% (w/v) NaOH, L _
100 °C for 3 h): Enzymes and enzyme activities (Units / g substrate) Conditions:
v Lignin removal 52% (w/w) 20 FPU Celluclast* & 80 U B-glucosidase < 50 mM sodium citrate buffer (pH 5)
20 FPU Celluclast & 40 U B-glucosidase ¢ Temperature: 50 °C

Dilute acid pretreatment (3% (v/v) H,SO,, . ) . _
121 °C for 40 min): 10 FPU Celluclast & 10 FPU Viscozyme & 80 U B-glucosidase * Solid to liquid ratio: 10%

v i ilisati 0 . . o< i irri
Hemicellulose solubilisation 53% (w/w) 10 FPU Celluclast & 10 FPU Viscozyme & 40 U B-glucosidase % Under mechanical stirring for 72 h

* Cellulase from Trichoderma reesei

Composition of the remaining solids

(on dry basis): The addition of 8 mg BSA/g dry sample
v Cellulose: 42.38 % was also tested using all of these enzyme
v Hemicellulose: 10.89 % combinations

v Lignin: 29.79 %

. 3 PR i) S GLOBAL S Apr e
BSA: Bovine Serum Albumin ¢ % ey @73 WLERT % ASSOCIATION
;\_.- of ithens Y i

- COUNCIL
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44 Optimisation of Enzymatic Hydrolysis
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Composition (%, dry basis): 42.38 Cellulose, 10.89 Hemicellulose, 29.79 Lignin

® 25
20 FPU/g substrate Celluclast =
s 20 1
and >
: S 15 -
e 80 U B-glucosidase /g substrate & BSA >
o 80 U B-glucosidase /g substrate % 10
m 40 U B-glucosidase /g substrate & BSA § 5
o 40 U B-glucosidase /g substrate O
o 0 |__l T T T
0 20 40 60 80
Hydrolysis Time (h)
® 25
10 FPU/g sub. Celluclast & 10 FPU/ g sub. =
&
Viscozyme S 20 1
P
and S 15 -
(@)
¢ 80 U B-glucosidase /g substrate & BSA § 10 -
¢ 80 U B-glucosidase /g substrate %
5 i
A 40 U B-glucosidase /g substrate & BSA %’
A 40 U B-glucosidase /g substrate > 0 & ' ' '
0 20 40 60 80

Hydrolysis Time (h)

Cellulose-to-glucose
conversion yield:
0 0.359g/g
m 0.24 g/g
00.19g/g

Cellulose-to-glucose
conversion yield:
¢ 0.419/g
¢ 0.309/g
A 0.22 g/g
A 0.159/g

ST G, Mational <
Q)E SWEr %o
Ry weny @D FYUCLL 'S ASSOCIATION
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4 Optimisation of Enzymatic Hydrolysis INVAL2R
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The best enzyme combination considering glucose release from cellulose was evaluated using:
+¢ either deionized water or
+» the direct addition of the enzymes to the acid hydrolysate

20 FPU/g substrate Celluclast, 80 U B-glucosidase /g substrate & BSA

o 25
Enzymatic hydrolysate solution: gzo | Cellulose-to-glucose conversion yield:
- >
e Citrate buffer 15 - e 0.48 g/g
A Deionized water = 10 A 0.44 g/g
S 10
m Acid hydrolysate & m 0.10 g/g
S 51
)
@ 0

0 20 40 60 80

Hydrolysis Time (h)




R Succinic Acid Production INVAL2R

Agricultural University of Athens

. . . |
Porlrllac;ces & W Delignification & =( Residual W Enzymatic Hydrolysis ‘( G u_cﬁse
sta- S .r(.)m Acidic hydrolysis solids (Cellulase 20 FPU/g substrate rlc-
Agiorgitiko B-glucosidase 80 U/qg substrate, BSA) fraction
&
v’ Strain: Actinobacillus succinogenes v' MgCO;:5g/L
v Carbon Source: Enzymatic hydrolysate v" Working volume: 500 mL
(22.7 g/L glucose) v’ Temperature: 37 ©C
v Feeding: Concentrated free sugars from v’ pH:6.7
Agiorgitiko pomaces (consisting mainly v Aeration: CO2 0.1vvm
of glucose and fructose) v Agitation: 180 rpm

v Nitrogen source: 5 g/L Yeast Extract

A, Mational 3 <
DS Sul 0w
\ e Y COUNCIL 2 “ﬁ%* ASSOCIATION
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R Batch & Fed-Batch Fermentations INVAL2R
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i Fed batch fermentation, Fed-batch fermentation,
Batch Fermentation . ; . .
Feeding with pulses Continuous feeding
TS (g/L) - SA(g/L) —A-FA(g/L) —-TS (g/L) -8-SA(g/L) —A-FA(g/L) —-TS (g/L) —®-SA(g/L) A-FA(gL)
g XCAA(QL)  -O-FAN (mg/L) 400 g0 K-AA (L) ~T-FAN (mg/L) 400 g *=AA(gL)  -O-FAN (mg/L) 400
70 - - 350 70 - - 350 70 - 350
60 L 300 = 60 - L 300 60 L 300
> 950 250 % 5 3
50 - 250 - - I
> jf z ft 50 250 >
40 - 2003 40 1 - 2003 E‘ 40 - 2003
(@] - Q Q
30 - 150 & < 30 A - 150 = <« 30 L 150 =
20 - 100 » 20 A - 100 <|/_)‘ 20 L 100
10 - 50 10 - - 50 10 L 50
0 peref 0 0 FeRd¥ : 0 0 R , , , 0
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80
Fermentation Time (h) Fermentation Time (h) Fermentation Time (h)
/ Succinic Acid (SA): 24.6 g/L \ 4 Succinic Acid (SA): 37.0 g/L h 4 Succinic Acid (SA): 37.8 g/L h
Formic Acid (FA): 7.1 g/L Formic Acid (FA): 3.6 g/L Formic Acid (FA): 5.7 g/L
Acetic Acid (AA): 6.9 g/L Acetic Acid (AA): 8.3 g/L Acetic Acid (AA): 7.6 g/L
Yield*: 0.47 g/g Yield*: 0.68 g/g Yield*: 0.67 g/g
\ Productivity: 0.75 g/(L-h) / \ Productivity: 0.48 g/(L-h) j \ Productivity: 0.71 g/(L-h) /

Pk Hational & GLOBAL 3 =r%
T ANE citens % COUNCIL (5 ASSOCIATION

*yield was calculated as the grams of sugars consumed divided by the total grams of succinic acid produced during fermentation
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K Fed-batch fermentation, with YE in feeding solution INVAL2R
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—-TS (g/L) —@-SA (g/L) ——FA (g/L)
50% AA (g/L) —0~FAN (mg/L)

400
- 350
- 40 - 300 4 L )
3 - Succinic Acid (SA): 40.2 g/L
Continuous Feeding < 30 r 250 2 Formic Acid (FA): 6.6 g/L
supplemented with yeast < - 2005 Acetic Acid (AA): 11.7 g/L
extract (10%) < 20 150 & Yield*: 0.67 g/g
o | 100 Productivity: 0.79 g/(L-h)
=10 \_
- 50
0 M . . . 0
0 20 40 60 80
Fermentation Time (h)
. Fermentation SA Yield Productivity _ _ Total by-products:
Fermentation type time (h) (/L) (9/9) (g/(L-h)) FA:SA AA:SA SA
Batch 33 24.6 0.47 0.75 0.29 0.28 0.57
Fed-batch with pulses 76.5 37.0 0.68 0.48 0.10 0.23 0.32
Fed-batch with continuous feeding 53 37.8 0.67 0.71 0.15 0.20 0.35
Fed-batch with continuous feeding & YE 51 40.2 0.67 0.79 0.16 0.29 0.46

*y/i i ini H H H AR, Mot GLOBAL S5 e
yield was calculated as the grams of sugars consumed divided by the total grams of succinic acid produced during fermentation @ = @% WiERT ?;% WORLD BIOGAS
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£ Conclusions INVAL2R

Agricultural University of Athens

A novel process was developed utilising waste streams produced after the winemaking process
» Value-added components (lipids, antioxidants) were isolated from the by-product streams

» The hydrolysis of the pretreated material was successfully performed without the addition of buffer

solution
» The addition of BSA in enzymatic hydrolysis acts positively
» Fed-batch fermentations with continuous feeding improved succinic acid production

» The addition of yeast extract in feeding solution increases the concentration of succinic acid,

productivity and by-product formation

The valorisation of winery wastes from Agiorgitiko variety leads to the development of sustainable

WinerieS .' Hatonal "\ GLOEA
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