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VNN aee e Valorisation of orange peel residues
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e Biorefinery development for the production of value-
added products

e Extraction of phenolic compounds at different solid to
liquid ratios

e Extraction of pectin with different acids

e Bioprocess development for microbial oil production

with the yeasts Lipomyces starkeyi and Cryptococcus
curvatus
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Production of oranges in the EU .o Ora nge pEE| r'ESid ues

E U SPAIN
3.6 million tonnes (56%)

6 5mi|lion 140 000 ha
o/ tonnes , ;“

274 000 ha ) S

1.6 million tonnes (24%)

83 000 ha
29 |
GREECE ; 3
el T
ec.europa.eu/eurostatil |

,'/' Worldwide production of oranges in 2019/2020 was 46 million t \‘\, © o |
| i : / ; 50% of orange
. ® Annual production in Europe was 6.5 million tin 2018 i .
| g mass is wasted
. = Juice production from catering services results in generation of 24.3 |
million t of waste per year |
"\\ = QOrange waste is also disposed from open markets ,,"'
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d-limonene
(~90 %)

= QOrange peels contain
value-added components

= Rich in carbohydrates (free
sugars, cellulose and
hemicellulose)

= QOrange peelsis an ideal
feedstock for biorefinery
development
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Experimental set up

ange peel residues

E Orange peel i
Recovery of value-added | residues i
components : i
Pectin ','_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_:,

extract

Free Sugars Bioprocess development for microbial oil production

Microbial oil
production

d-limonene ' - ..
..+ Antioxidants

E Free Sugars Fermentation
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Composition of orange peel residues

Composition

(% dry basis) This study Literature
Ash 4.0 1.7-4.2
Protein 6.4 1.8-9.1
Free sugars 31.3 15.0-47.8
oil 2.1 0.5-4.0
Pectin 17.6 14.1-25.0
Phenolics 0.96
Glucan 23.1 8.1-37.1
Hemicellulose 3.6 57-11.1
Arabinan 1.7 1.8
Mannan 0.5 0.5
Galactan 1.8 2.0
Xylan 0.8 1.1
Lignin 5.1 0.6-7.2
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Extraction of value-added
CO'prOdUCtS frOm Orange pEGIS Extraction of phenolic compounds """"""""""""""

i Extraction

= Solid to liquid ratio 1:10 —— conditions :

) \‘ = Solid to liquid ratio 1:30 70%EOH
~ Hydrodistillation of essential oils \ ‘ Ulirasound 20 min, x

0.98 g/100g db

mg gallic acid equivalents
(GAE)/100g db

1/10 (w/v) 1/30 (w/v)
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Pectin extraction and characterization

HCI Citric Oxalic
Crude pectin yield (%) 17.6 21.6 46.7
Galacturonic acid (%) 69.4 48.6 28.1
Esterification Degree (%) 79.66 42.85 55.56
Ash (%) 11.11 11.26 11.35
Free sugars (%) 10.24 3.06 1.72
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Glucan: 23.1%
Hemicellulose: 3.6%
Lignin: 5.1%
Protein: 6.4%

. Free sugars:31.3%

e Pectin: 17.6%

Biorefinery development
of orange peel residues

______________________ Initial solid 1000g | T A o
. Extraction conditions i (dry basis) i = Recovery yield:
i Temperature: 40°C : . E ____________ 97.1%
' Time:2h, under agitation  Extraction of freesugars ) _E_J Free sugars: ' Microbialoil |
ST Y '\\ i _____ %9?_9_ g ' production ,:
e, Residual solids e ’
' Extraction conditions I es6.1¢ | |
 70% EtOH. 1:10 (w/v) | . . : Crude extract of |
I_Lflfr_a_sc_)erlq g(_)_”l'?'_)f%___ Extraction of phenolic | _____________ >i phenolic compounds i
compounds i 3628 |
\

________________________ Residual solids

| Extraction conditions | - AallA
. . 659.9 Pectin recoveryyield:
' Acid treatment (HCI) at 90°C | g

and EtOH pectin recovery o . S
_____________________ Pectin ___________»i Pectin crude
extraction + extract 109.0 g
\ 4
Residual solids Enzymatic Sugar rich
550.9¢ hydrolysis hydrolysate
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Free sugars fermentation

Cryptococus curvatus Lipomyces starkeyi
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Fermentation time (h) Fermentation time (h)
~<-Total Sugars (g/L) —==FAN (mg/L) -+-DCW (g/L) —-Lipids (g/L)
. Fermentation . [ ial oi : .
Yeast strain : DCW (g/L) Oil content (%) Microbial il Yield (g/g) Productivity (g/(L-h))
time (h) (g/L)
C. curvatus 88 70.5 60.6 42.7 0.24 0.49
L. starkeyi 191 107.8 51.5 55.0 0.12 0.27
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Methyl ester fatty acid determination

% Oil Composition

100 -
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60 A
| 139 487
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‘ Palmitic acid , Stearic acid ~ Oleic acid , Linoleic acid Others

W L. starkeyi m C. curvatus
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Conclusions

* Development of a novel biorefinery is a promising way to ensure

sustainable orange peel residues utilisation, with the recovery of value-
added products

e Hydrochloric acid led to the extraction of a pectin extract with higher
purity

 Fermentation of orange peel free sugars with Lipomyces starkeyi
resulted in 107.8 g/L DCW with 51.5% oil content

 Fermentation of orange peel free sugars with Cryptococus curvatus
resulted in 70.5 g/L DCW with 60.6% oil content
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