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Valorisation of agricultural residues into
microbial proteins and protein hydrolysates
by PHA-producing bacteria
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WASTE: a problem...?

Agricultural waste

1.3 bt/year globally
Increasing at 7.5% per year
50% of fresh weight of harvest

GLOBAL WASTE PRODUCTION 2014

Wholesale of waste & scrap 1%
Agriculture, foresty Energy 4%

& fishing 1% Services 4%
Households
8%
Construction
35% r 9%

Manufacturing 10%

Mining & quarrying 28%
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WASTE: a problem...?

Disposal of agricultural waste

PRODUCTION OF:

‘ smoke

toxic gasses (SO,, CH,, N,0...)

hydrocarbons, furans, dioxins...)

— @? GHGs Biogas, blgnethane

% carcinogens (polycyclic aromatic
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WASTE: a problem... or a resource?
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Discarded biomass

BIOREFINERY -
() | Oils ﬁ Fibers

Biomass is converted into multiple
renewable bio-based products

Solvents
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Starting feedstock The concept QS‘G @

- o

Agricultural & L:\'ny.,i-v o C’
animal waste PHA-producing bacteria Po;yhydroxyalkanoates (‘I:;:IAS)

biobased and biodegradable plastic synthetised by
some bacterial and archaeal species

~ I
S/L separation G PHAs-rich t‘g
> s 5ol ; —_— n

MMC VFA-rich quid: 3 :
<0 bacterial biomass
BIOPLASTICS
]. b .l. PHAs
Acidogenic fermentation Bioreactor

PHA-based plastic: 1.18-6.12 €/kg (Pagliaro et al., 2021) g
2.4-5.5 S/kg (Crutchik et al., 2020) ¢

Petroleum-based plastic: <1 €/Kg (Pagliaro et al., 2021)
1.2 S/kg (Crutchik et al., 2020)
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The concept

Starting feedstock

9@ FISH FEED

-l \ &2 % foraquaculture
Agricultural & -

animal waste PHA-producing bacteria 1

@ Single cell proteins
. Use of INTACT BACTERIAL CELL

v 4

m
MW VFA-rich ﬂUId: R " PHAs-rich Mﬂ
. I -
bacterla biomass BIOPLASTICS
lal PHASs
Acidogenic fermentation Bioreactor
1 Use of EXTRACTION BY-PRODUCTS

=  Protein
e = hydrolysates

l

; BIOSTIMULANTS
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The project
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PHA-producing bacteria
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PHAs-producing Thauera sp. Sel9 Rhodopseudomonas palustris
mixed microbial cultures (Betaproteobacterium, family Rhodocyclaceae) (Alphapreotobacterium, family Nitrobacteraceae)
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Fish feed for aquaculture
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Fish feed for aquaculture

Liquid cattle manure L 0-2000 0-80 Expe rimental set-up ProEirT;]a':je composition
Pasta silage Kg 300-500 13-20 EZFAO ydrates
Digestate L 0-1000 0-56 >
Wgter L 0-1800 0-75 Amino acids analysis (CS, EAAI)
Bacterial community analysis
Feedstock

\@ A¢

Biogas production Air Biomass analysis
Agricultural & i —{L,, 0.2 um
. . animal waste a
Fermentation fluid \ z 1-"“-‘_"\"'-»
v
pH i 3.6-5.8 —-(\ ““M/ﬁ . (‘\ _—
TSS g/Kg 48.5-96.8 ~ 0.2 um ~ ) Single cell proteins
VSS g/kg  40.9-62.2 - S/L separation \
sCOD /L 20.1-53.7 . . .
N-NH g /L 04-1.9 Acidogenic Biomass
4 g — fermentation production
VFA tot g/L 7.5-18.4 | ; .

i i R Volume: 4 m ' | - o0
AcetI(f acu.i g/L 4.8-14.4 ot e e A
Butyric acid g/L 0.2-3.9 P : _p"
Propionic acid g/L 0.5-4.8 (I-)IIF_{; zll;aKysCOD 3 Volume: 1.6 L
Pentanoic acid g/L 0.3 : & /m>day Temperature: 30 °C Feeding trials
Isobutyric acid g/L 0.0 pH: 7-8
Isopentanoic acid g/L 0.0 C/N ratio: 5
PHAs % 22.5 OLR and HRT: varied

Experiment time: 31 days

Zebrafish (Danio rerio)
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Fish feed for aquaculture
Biomass analysis - MMC

Parameter SCpP Fermentation fluid
Moisture 12.21 98.41*
Ash 16.56 14.46

ids and oils <LoQ
Carbohydrates <LoQ <LoQ
Crude cellulose <LoQ <LoQ

@ree extracts 21.65 56.60

Proximate com Eosition
22.5 0.00

PHAs

PROTEIN CONTENT
On TS =61.8%
OnTVS =74.0%
On active biomass (excluding PHAs) = 95.6%
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DI - -
o W SCP © Fermentation fluid
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.(:a' ‘db \9{\ -{’ C:d‘ Q"’ *0\ 0'0 \"’ q‘b‘ & {(k \}"’ 0" _0{‘ '\b & 'S}
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Amino acid profile
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percentage of live fish (%)
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Fish feed for aquaculture

Fish feeding trials - MMC

GROUP A GROUP B GROUPC

100% CF 50% CF+ 50% SCP

50% CF + 50% SCP

+ 14% oils
98 96 96
38 90
8 g2 8o 82 82|82
74
M Group A
W Group B
B Group C
M Group D
Group E
0 5 15 18 21
Days post fertilisation (dpf)
Survival rates |

B 2 U.NIVERSITA
o 5 di VERONA

GROUPD GROUPE
s e
-ﬁ%
S0% CF + 50% SCP + 50% CF + 50% SCP +
14% oils + 10% PHA 10% PHA
Group A
Group B 0,53 i
Group D =
Group E z
0.0 0.1 0.2 0.3 04 0.5 0.6 0.7
Length (pixels)
Total body length
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%g/g

Protein % over dry weigth

65.29

62.01

17.65

Fish feed for aquaculture
Biomass analysis — Thauera & Rhodopseudomonas

4.0
3.0
2.0
| |
0.0
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» Fermentation fluid Thauera m Rhodopseudomonas
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Biostimulants for agriculture
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Biostimulants for agriculture
Experimental set-up

Drench

GQ@@ Feast & famine regime
0

TKN :

selected biomass NNH Foliar spray
4
(MMC) Organic N

biostimulant effect tests
with agronomical species

Amino acid profile

solid

= | uiid % rolysis
o L1 SO Ry - . ks

pr—— X . PHA-enriched
chemical-thermal protein TR
PHAs accumulation treatments hydrolysates
Multi-spike approach Acid: HCl 6M
20 L reactor Basic: NaOH 4.2M
27 °C Thermal (microwave): 40, 60, 80 °C
pH 7.5 x 30, 60, 120 min
60% acetate, 40% propionate

di VERONA | di BIOTECNOLOGIE
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Residual biomass

% gPHA/gTS

Biostimulants for agriculture

Protein hydrolysates

3 Ccir
2 30 min
BA 60 min
B3 120 min

O] Cir

3 30 min
BEA 60 min
E3 120 min
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Biostimulants for agriculture

Plant growth trials

Cucumber - hydr°p°nlcs Aerial part fresh weight Aerial part dry weight
SINE 7 ‘ 3.0 0.30
b 2.5 .?. il 2 0.25- a
ab
20{ P 020{ b _-— =
%0 1.5 %0 0.15-
1.0 0.10-
0.5- 0.05-
O.c T T T O.W T T T
TERMICO
|:| Control I:l Acid |:| Basic - Thermal No difference in root development
80 10
5 Total root length Total root area
. 604 ab e ~ 81 @
Tomato - hydroponics ¢ — _t:_ b E | » - b b
Gl W e \ o 20 _ = o
== "-, ‘"-d a i [T} 4
/ 204 2.
c T T T c T L] L]
0.10
Total root volume
0.08 a
ME 0064 p - b b
o - o et
0-041 No difference in aerial parts
0.02
0.00 T T .
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Biostimulants for agriculture
Plant growth trials

1.2 0.07
10 Root fresh weight a 0,064 Root dry weight a
| b ab
0.5 ab a 0.05 a
oo op 0.044 b
064 b
— 0.03- =y
0.4- 0.02.
0.2 0.014
0.0 r 0.00

|:| Control - Acid |:| Basic - Thermal

No difference in aerial parts
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Summary

* PHA-based bioplastics are more expensive than petroleum-based plastics, need to make the extraction process
more economic

* SCPs used for fish feed avoid PHAs extraction and use the whole cell as a final product
* PHA-containing SCPs result in better fish survival rates and total body length

e By-products of the PHAs extraction products can be turned into biostimulants

* Use of protein hydrolysates result in plants with more developed roots or foliar system
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Future work Acknowledgements
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Chiara Tesoriero
Francesca Greco

Elena Cannone
Salvatore Fusco

Davide Slaghenaufi

* Fish feeding trials with SCP from Thauera & Rhodopseudmonas

* Fish feeding trials with commercial fish species

e Analysis of SCP contaminants (metals, antibiotics, hormones, microplastics...)

* Repeat plant growth trials

* Improve chemico-thermal treatements for protein hydrolysates (use of enzymes, Contacts

smaller quantities of chemicals) giovanna.pesante@univr.it

nicola.frison@univr.it

* New plant trials with improved biostimulants
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OLR (gCOD/L day); HRT (days)

50
45
40
35
30
25
20
15
10
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Fish-feed production
CSTR performance
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Parameter  Unit This Study
K gCOD/gX d 3,01
Parameter Unit Value
Y gX/gCoD 0.29
" g 0.9 HRT day 10 8 4 3 2 1.5 1
max °
K gCOD/L 10.4 OLR gCOD/L giorno 4.2 5.3 10.6 142 21.2 28.3 42.5
s .
K g 0.09 Each period was evaluated at steady state (duration 3 x HRT)
d .
Period 1 Period 2 Period 3 Period 4 Period 1 Period 2 Period 3 Period 4
P Ny 100% 6,0 2,0
) - 90% =) r 18
L 80% ‘:“" >0 - 16
.
- 70% g § 40 L 1.4
- 60% o 0 - 1,2
L 50% é § 3,0 - 1,0
L 40% 2 a - 0,8
- 30% § "?'.3 20 [ 06
- 20% § 10 L 0,4
L 10% L 0>
| I l L 0% 0,0 0,0
0 5 10 15 20 25 30 35 40 0 10 15 20 25 30 35 40
OLR HRT —e—%sCOD removal —0—TVSS  —e—EffluentsCOD  —e—Productivity

Productivity (gVSS/L day)



Fish-feed production
CSTR performance

_ %0 40 25%
?! —s 35 . .
s 16 =) 20% S
° 30 o 0
ED j j 8 o
2312 253 <
=9 S 8  15%
s 20O >
58 8 = %D .
8 3 15 o E 10%
= 10 00
5 4 < y
§ | 5 i 5% .o
0 0 o
0 0.2 0.4 0.6 0.8 1 0%
1/HRT (d-1) 0 0.2 0.4 0.6 0.8 1
——V/SS VSS productivity ——Se 1/HRT (d-1)

Max productivity: around 1.2 kgVSS/m?3 day

. . . 1 1 220
Conversion yield: 0,45-0,50 gCODx/gCOD utilized Increase the PHA content in the biomass up tp 22%
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Fish feed production

Biomass analysis - MMC Protein
Parameter SCP Fermentation fluid V' Over dry weight: 61.8%
Moisture 12.21 98.41* Over VVS: 74.0%
Ash 16.56 14.46 Reference protein EAAI . =
Threonine :
; —
Crude lipids and oils <LoQ <LoQ Pl e :
Sovh | 0.65 Methionine i
Crude proteins 61.79 28.94 oybean mea ) e E
S Lysine !
Carbohydrates <LoQ <LoQ Tilapia 1 0.93 ;
1api Valine |
i Leucine
Nitrogen-free extracts 21.65 56.60 iliwisls ellinan e :
Proximate composition Essendiahamine acid inglex (EAAI Histidine =
PHAs 22?54 0.00 : ( ) ————————————
c Phenylalanine
.a ——— i
16 15 : - " y I i
s 3 . S Arginine g
% 10 3 0 —_— 5
xR 0 2?; o © ~ o - - —_— :
’ ‘ I Iﬁ I I Iﬁ Bl s e33R R2 e N N ° Tryptophan .
D DI G niwimia s s -
) . 0 50 100 150 200
S EFEELFEETEE S EEES . . .
é&" @@0 N AR L O ) &@0 ‘P\e“ PR &‘;} & é\,oQ m Soybean meal m Fishmeal = Tilapial Tilapia 2 m Salmon m Carp
* #* & 8 2
& & * * &
* Chemical score (CS)
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Fish feed production Reference proteins
Biomass analysis - MMC

(§ Chemical score (CS)

Threonine

i

Leucine

Lysine
Isoleucine
Tryptophan g 4
valine Oncrynchus Cyprinus carpio

tshawytscha  Oreochromis niloticus

Phenylalanine )
& mossambicus

EAAI=10logEAA

Arginine

Methionine

ol
G\ Essential amino acid index (EAAI)

50 100 150 200 . Good quality protein = 0.90
m Soybean meal m Fishmeal © Tilapia1l = Tilapia 2 m Salmon m Carp 0.48 (0'66) vs fishmeal useful protein = 0.80

0.59 (0.84) vs Tilapia 1 incomplete protein = 0.70

o



Fish feed production
Bacterial community analysis

Phylum

Genus

Firmicutes
Proteobacteria
Unclassified
Bacteroidetes

Actinobacteria

Lactobacillus
Acetobacter
Other
Unclassified

Relative abundance (%)
50.40
e 47.09
| 116
0.70
| 0.65
5 15 25 35 45 55
Relative abundance (%)
46.45
e, 85,67
N 6.72
l 116
0 10 20 30 40 50

Lactobacillus
Acetobacter
Clostridioides
Bacillus
Unclassified
Sphingobacterium
Lachnoclostridium
Leucobacter
Acinetobacter
Vagococcus
Alcaligenes
Comamonas
Brevundimonas
Achromobacter
Lysinibacillus
Camelimonas
Rhodococcus
Enterococcus
Pseudochrobactrum

Genus

46.45

T A5.67

1.61

1.22
0 116
0.7
0.58
0.57
0.55
0.37
0.22
0.2
0.19
0.12
0.1
0.09
0.08
0.07
0.05

0 10 20
Relative abundance (%)

30

40

50

16S rRNA next generation sequencing
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DAY O0: fertilisation

GROUP A

100% CF

Fish-feed production
Feeding trials

DAY 15: dead/alive count & imaging

DAY 6: feeding starts

GROUP B GROUP C

GROUPD

50% CF+ 50% SCP
(finely ground)

.........

50% CF + 50% SCP |
+ 14% oils 50% CF + 50% SCP +

14% oils + 10% PHA

Dipartimento

di VERONA | di BIOTECNOLOGIE
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DAY 18: dead/alive count

GROUP E

i
50% CF + 50% SCP +
10% PHA
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