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Batch Growth Batch Growth Kinetics
Heat generation by microbial growth Heat generation by microbial growth

For actively growing cells, the maintenance requirement is Re-arrange the above equation:
low, and is directly related to : 1 AH .
—= S _AH,

The heat of combustion of the substrate is equal to the sum of i i &
the metabolic heat and the heat of combustion of the cellular H X/8

material. N . The total rate of heat evolution in a batch fermentation Qg is
. = AHe+— O - , 1
Yis Yy 2 r=V Mper X Y velih)

AHy s the heat of combustion of the substrate (kJ/g substrate) H

y:»;- + is the cell mass yield per substrate consumption (g cell/g substrate) \' is the cell mass concentration (g/l); TL is the liquid volume (1)
Aﬁi . Is the heat of combustion of cells (kJ/g cells)
— is the metabolic heat evolved per gram of cell mass produced Heat removal: by circulating cooling water through a cooling coil

(kJ/g cells) or cooling jacket in the fermentation.
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Fusarium venenatum (Quorn)

1

QUORN@ PROCESS Waste gases removed

- Fermenter 50 m high/150m3

Denser broth
Falls to dasc
of farmenter

-1¥ Type Fermentation: phas
of interest: log
Glucose

SYrup
and
minerals

Heat treatment
Cooling
L Glucose syrup Dr}'ing and Systﬂm

=== and minerals I
chilling

tempo ' ‘\ —

velocita

-continue colture (6/2weeks)
1
Mycoprotein harvested

-dilution rate: 0.17-0.2 h-1

-biomass [ |: 10-15 g L-1 X
Cooling
system

-loop fermenter: air lift
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TABLE 16.15. SOme coJ)ortant features of different microorganisms and the SCP

Feature

Bacteria

Yeast

Filamentous fungi

Growth Rate

Substrale

pH range
Cultivated in

Risk of
contamination

Biomass recovery

Protein content
(crude)

Amino acid profile

Nuclcic acid
content

Removal of nucleic
acids

Toxins

Other features

Low

Light, inorganic
carbon sources, €.g..
CO: (preferably)
Upto il

Open ponds, tanks: in
sunlight

Serious

Difficult and costly
with unicellular algae

Up to 60%

Generally, good: low
in S-con-taining
amino acids

1. Low yield (1-2 g
dry wul)

2. High chlorophyll
content; unsuit-
able for humans

Highest

A wide range of
substrates

5-7
Bioreactors

High: precautions
necessary
Problematic.
improved mecthods
are ncecded

Up to 80% or more

Gencerally, good: a
small deficit in S-
containing amino
acids

Very high (209%
RNA)

Necessary

Gram-bactena may
produce endotoxins

Quite high

Most substrates,
except hydro-
carbons and CO;
S5-7

Biorcactors

Low

Easy. by
centrifugation

S55-60%
Generally., good:
deficit in S-
containing amino
acids

High (159 RNA)

Necessary
None

High B-vitamin
content

Lower than bacterna and

yecast

Limited substrates
(mostly starchy and
cellulosic matenals)
3-8

Biorcactors

Low if grown below
pHS

Easy for filamentous or
pecllet forms

S50-55%

Low in S-containing
amino acids

High (159% RNA)
Necessary

Many species produce
mycotoxins

Chitin may contain a
significant proportion
of N-content, which is
unavailable.
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Transformative resource efficiency
Feed conversion ratio (kg feed per kg commodity)

) N

e I

= I

y B
arain [ 19

soybeans [J]] 1.0

3f bio
mycoprotein I{:"6
0 2

Cost of protein (US$ per tonne protein)

Yoy I -
ad
v I
Whey protein _25.000
Soy isolate_19,444
Wheat protein_12|500
Pea protein -9.3T5
l’“*Au"cc:pft:uftgii(z?l-6'?31
Tofu [ 6250
0

10,000 20,000 30,000 40,000 50,000 60,000

4 6 § 10 12 14 16 18 20 22 24 26

Source: USDA ERS Meat Price Spreads; USDWA Mulritional Database; Frost & Sullivan. ‘Size, Share, Sources and Segments: Analysis and Forecasts for Value-added

Prolein Ingredient's 3o Analysis with Biorefinery Economic Vaidation. Sourca: Alexander at al. (2016). ‘Human appropriation of land for food: The role of giet.’ & 3 bio analysis.

Carbon intensity (kg CO2e per kg commodity)

™ -
o I

= -

y -5.4

Soybeans I1 5

3f bio I 1.05

mycoprotein

Virtual water use (m?® per tonne commodity)

™
¢ I - 050

o= I -0

Soybeans-L?OD

y -1,500

Grain-1.100

3f bio
mycoprutein.sso
0

1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

Grain IO.?

0 4 8 12 16 20 24 28 32 36 40 44 48

Source: Gerbar, P.J., Steinfeld, H., Henderson, B., Moltet, A., Oplo, C., Dijkman, J., Faleucel, A. & Templo, G. 2013. Tackling climate change through livesiock — A

glabal assessment of emissions and mitigation epportunilies. Food and Agriculture Qrganization of the: Unted Nations (FAD), Rome & 3 bio analysis. Seurce: Chapagain, A. K., & Hoekstra, A Y. (2003). 'Virtual water flows batwaen nations in relation to rade in livesteok and livestock preducts'; & 31 bio analysis.
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Sunlight

s, ) Condensation

) *

W

Cultivation Washing
and Dehydration

S, D

Customer

Product
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How Marcus Rohrer Spirulina™
is Harvested

Patented Ocean-Chill™
Drying System:

» oxygen-free
(nutrients cannot
oxidise)

Optimal density after 7 days.
4 2/3 of the algae water is

pumped off. ® in just 5 seconds

o low temperature

- - . X - g Y : 2
. e e . * essential nutrients
< = g 24 R e S =
= = S SR . are fully preserved
Dady quality controls during the growieg period
/ Pre-filtration using sheet sieves.
v " Most of the water is separated

from the algae and flows back The pure Spirulina powder is
into the basin. Exclusive to immediately vacuum-packed.

Marcus Rohrer
Spirulina™

o=

=
—————

The algae in the basin continue
growing.
’/'G} For maximum ‘
| freshness, tablets . . .

Filtration with fine-mesh oscillating and capsules are
= sieves: the remaining water runs off, custom manufac- ‘
o ] - leaving a firm algae paste. tured directly at the

Hawaiian facility.

Storage in VioSol*
foil sacks provides
optimum protection
during transport
from Hawaii to
Europe.

Repeated rinsing of the algae paste
with fresh water.

In Holland:

Transferred into
. VioSol® energy- -

4 storage glass. 46

+ No loss of quality from source to jar!
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Il Assembly of the

I Synthesis of

s e

Periplasm

DpsD
Peptidoglycane

TR TR IO

Cytoplasm | %gf
: Dps
Ugdw Om Ugfw
UgpW Pgmw

O B S
o ... 8 § % >§< %

Pgmw

DpsC DpsE
(PCP) (PCP)

Om Om Om O¢ 086 (<

OM UDP-Glucose (DM UDP-Glucuronic acid @4 dTDP-L-Rhamnose @@ GDP-Mannose 4 O-Acetat @ Phosphate




Polysaccharide

Producing organism(s)

Application(s)

Xanthan

Dextran

Alglnato

tentmmns

Scleroglucan

__Gellan
Polluan

Emulsan

Xanthomonas campestris

Acetobacter sp,
Streplococcus mutans

Azobacter vinslandi

5. roifsi, S. delphinii

" Aveobasidiam podans

____As a foodstufi.

As a food acdive for stabiization, gelling and viscosity
control, ie. for the preparation of soft foods
e.g. e cream, cheese,

In o industry for enhanced oil recovery.
hn\empaamatoompasns.w'ambased

Leuconostoc mesentercides,

alood pdasma exp:mder

Used in the preventionn of thrombosis, and in wound
dressing (as adsorbent).

In the laboratory for chromatographic and other
techniques involved in purification.

lnioodmuyasmmwerm -
Alginate beads are employed in immobilizaton of celis

andonzymos

Used ior stabimng latex pamls pmmg nnks and

“_-dnlng muds

loodt&sszryasammsot&ynom

ceermocmrr

Being a biodegradable polysaccharide, it is used in

1ood coamg and packaging.

AsaMageMncodde(brn\sasb‘ongW
above 55°C)
Useful for immobilization of enzymes. O 5 A

" In of industry for enhanced fecoyery.

For cleaning of od spils.



Microbial
polysaccharides

Food industries,
biomedical
applications,
hioremediation

Viscosifying agents, Viscosurgery, cosmetic
stabilizers, emulsifiers, sSUrgery,
gelling agents, water bioremaediation,
hinding agents in food. probiotics.

Water and wastewater
reabment

Biosorption,
hioaccumulation,
bioaggregation,
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"gU) Uo ¥8 g o a6 g &Y Buledbasidium pullulans

by A. pullulans strain NRRL Y-2311-1

, Fullulan Production {(g/L)

0il (%) PH 72h 96h 120h
0.0 3.7 1546 19.04 18.66
1.0 4.2 18.54 21.26 19.14
2.0 4.3 18.99 22.24 21.50
30 44 19.73 27.04 2512
4.0 4.5 2035 27.02 25,98
5.0 4.4 23.05 20,58 28,04

SBO* 6.9 o o o

* Sowbean oil as a sole carbon source an 50 g/l
** Mo pullulan produeciion
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STRAIN
PRE-CULTURE PRE- REACTOR , -

REACTOR HARVESTING

|CC~HTHJC~J5CE oSl T LS PHA-FICH BIORASS
DrmmaTedm IWICoz)

A
o
0
— I 555 Faw FHA GRAMNLULATION MaRKETABLE
) —_— =N
i FoORMLLATION ProDuUCTS

O
|
n
|

CENTRIFLMG AN CrRYING
OOLLECTED PHA-RICH
Baoraass BioriAss

RESIDUAL Folow-ur : Biocas PLamTs, FERTILIZERS,

Biosanss PrODUCTS BioTECH RIUTILIZZATION
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Mivaxkoac 1.3 MO TWVY ONMOVTLKOTE DWW OU JLTTOAU HLE P Tww PHAS.
vicH y(CH
/|:/O\\(':,{ Z}X}‘C/O\\(':/[ Z)K‘%‘C
S S i
K, X R R2 Ovopuooio TOMmog

MoAU(3-USpofu BouTupLKOG-co-3-USpofu
1 1 CH= H P(ZHB-Z2HP)
MpoTtLovIKog) EcTtEepacg

MoAU(3-USpofu BouTupLKOG-co-3-USpofu
1 1 CH= CoHs P(ZHB-Z2HWV)
Bah=pLkoc) EoTtEepoac

MoAU(3-USpofu BouTupLKOG-cOo-4-USpoiu
1 2 CH= H P(ZHB-4HB)
BouTtupLkdc) Eortepac

35001

O @uoiIKd BloamolKoSou oA
= ZuvoAikd BiotTAaomikd

3000+

25004

20004

15004

10004

XihiaBeg Tovor avd Etog (10° tniyr)

5004

Qurtoypadia HAektpovikng Mikpookormiag AlAeuong (Transmission Electron

Microscopy, TEM) kuttdpwv Alcaligenes eutrophus pe kokkoug PHB og
Maykoopia napaywyn Blomlaotikwy ta teAsutala 10 xpovia kat ipoBAsdn

OUOOWPEUON HeyaAUTEPn Tou 80% T ¢ palac touc. H umdpa
REREIL Hey en 6 G Snes. ‘atas S R nmapaywyng yia ta £tn 2011, 2013 kal 2020.

avtmpoowneLel 2 um (dwrtoypadia amnod Xu et al. (2010)).
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NAD+ NADH
» J
‘ 1

Glycerol ——— D-Glyceraldehyde-3-P

TCA cycle | = Pyruvate
............. NADH..... N anscrases
+ X _ADH2_
: Acetaldehyde t+—————— _ | Ethanol
NADP+ =eedecemee_
NADPH @-—jer—"" 1
: Acetate
L
: A ACS
ADP4P| @ecdom-—" 7
| Acetyl-CoA  |i ==» --> -=> | Lipids
ERG10
COASH  @eeeefoe" | phaA
Acetoacetyl-CoA | ---» ~---»| Ergosterol
NADPH —===peeme.___
l phaB
NADP+ @-—f—""
3HB-CoA
A phaC
COASH €——p—"
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paucimobilis

GLUCOSE-6-P

GLUCOSE-1-P

l

UDP-D-Glucose

l

UDP-D-Glucuronic acid

dTDP-D-Glucose
L
dTDP-4-hydro-deoxy-D-glucose
dTDP-4-hydro-L-rhamnose

dTDP-4-hydro-L-rhamnose

dTDP-L-rhamnose

PgmG
Glucose-6-P « » Glucose-1-P

RmlA _ww.  UgpG
- ‘

>
dTOP-O-Glucose UDP.DGlucose

RmIB,C.D l
UgdG l

dTDP-L-Rhsmnose UDP-D-Glucuronic acid
= s v

. t GolB -t
gOICIUSIer oo i t K 4

Yy F O T SR Mok ACeD

S |



| atp__ Glc

ADP. a @ -
(omeS)

UDP-GlcA dTDP-Rha GDP-Man
- NAD(P)! NAD(P)H, H” _ ___

Step | synthesis of the nucleotide-sugar precursors in cytoplasm

o e o e o -

J UDP-Glc

(o) C,-isoprenyl
(o) C,,-isoprenyl

Step Il assembly of the tetrasaccharide repeating unit

periplasm

@

m WelS

cytoplasm

Step |l polymerization and export
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WEIGHT

AVERAGE MOLECULAR

Oat B (1-3) B (1—-4) glucan

500,000 - 1,000,000

Pullulan

50,000 - 100,000

Curdlan

~500,000

Methyl cellulose

10,000 - 200,000

Carrageenan

4,500,000

Xanthan

15,000,000 - 50,000,000

Sodium alginate

10,000 - 18,000,000

B KA

Uy Uov¥voaa

1B B

e/l 89

B

Z299) 68D
IQPOL YMERS

UoUGRY) ¥v3

-

gaglUs

EPS Producing strain Composition Substrates Production (g/L) Productivity Reference
(g/L-day)
Gellan gum Sphingomonas Rhamnose, glucose, and Sucrose 19.9-22.6 6.6-9.0 Zhang et al. (2015)
paucimobilis glucuronic acid
Glucose 12.4 7.4 Giavasis et al. (2003)
Whey 1.6-3.1 0.6-1.2 Dlamini and Peiris (1997)
Acetyl and glyceryl groups Soluble starch 37.5-43.6 14.5-18.8 Bajaj et al. (2006)
Molasses 13.8 n.a. Banik et al. (2007)
Welan Alcaligenes sp. Rhamnose, glucose, and Glucose 25.0-26.3 8.3-8.8 Li et al. (2011)
glucuronic acid
Corn starch 22.8 7.6 Li et al. (2010)
Clavan Clavibacter Fucose, glucose, and Glucose 0.7 0.06 vanden Bulk et al. (1991)
michiganensis galactose
Acetyl, pyruvyl, and succinyl
groups
FucoPol Enterobacter A47 Fucose, glucose, galactose, Glycerol 7.5-8.0 2.0-2.5 Torres et al. (2012)
and glucuronic acid
Glucose 13.4 3.4 Freitas et al. (2014)
Xylose 54 1.4 Freitas et al. (2014)
Acetyl, pyruvyl, and succinyl
groups
Hyaluronic Streptococcus sp. Glucuronic acid and Glucose 0.4-6.9 0.8-1.5 Huang et al. (2008)
acid acetylglucosamine
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Glucan from |
Algae Particulate  [3-(1,3) unbranched 200-500
Euglenoids

(lucan from

Saccharomyces B (1,3) B-(1,6) branched (30:1)

Particulate B-(1,3) unbranched 50-200
B-(1,3) with some p-(1,6) branching
aminarin Soluble  |(30:1). The B-(1,6) side chains are 1.7
composed of two glucose units,

B-(1,3) p=(1,6) branched (6:1). The f-
Scleroglucan  [Fungus Soluble  ¥1,6) side chains are composed of two | 1020
glucose units, 2



Bs e UUG 3 egayaeolicattbe 8 ¢ dc Uz sae

z99)686bsesasgoal

meee, Gcdeosoee Ui 0UUGd oaUm ogemUslUsyY bYysU UsUlGhy ¥3

62



