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https://fa.wikipedia.org/wiki/%DA%86%D8%B1%D8%AE%D9%87_%DA%A9%D8%B1%D8%A8%D9%86

Temperature (*C)
Salimity (g.l-1)
Light intensity (lux)

Photoperiod
(light: dark, hours)

pH

16-27
1240
1, OCH-10, 00

(depends on volume

density
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2.3. Five growth phases of micro-algae cultures.
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Large-scale
Cultures

Stock Starter Intermediate-scale
Cultures Cultures Cultures

@ qﬁ. to 14 days) (7 to 14 days)
>

(250 mi) (250 mito41) (41t0201)

. >18<22°C =
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Open/close -¥
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Batch culture -

Semi-continuous culture -

continuous culture -
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Semi-continuous culture-Y
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continuous culture-Y
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Crmoerdratied microslgae




AFTER PROCESSING ALGAE IS

COLLECTED AS A SMOOTH
PASTE,WHICH MAY OR MAY
NOT UNDERGO DRYING




Negatively charged
surface

Micro algal
cells -

+

Electrostaic
repulsion
Cationic polyelectrolyte

Stable micro algal cells ]Nemnﬁullon of charge carriers

Flocculation

Sweep flocculation
Destablized micro algal cells

Charge neutralization (Bridging) A‘_,‘S()". «C




Dewatering through

membrane filter
spray wash y \‘ dewatering zone

‘ scrapper

filtration
membrane

microalgae culture
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Application
of wet algae

Removing of dried seaweed )
Evaporation

L 4

Biomass (
o ,/'—
¥ Hot water

~— — — ——
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Feed flow Nozzle flow

Bag filter

Exhaust

Collection

Algal feed




Rotary Drum Flaker Dryer

Doctor blade

: (knife)

Dip

applicator S
roller / Belt conveyer

v Product
o receiver

Feed tray




, » Freeze-drying
# on demand




Scheduling in microalgae cultivation

v —
- W
/ !
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Biomass extraction

Flocculation Decantation Filtration Centrifugation

~ i
v,

Drying structures

Natural dryer (sun) Heated dryer Spray dryer Freeze dryer

'

Products




TABLE 1. Main classes and species of microalgae.

Class

Species

Bacillanophyceae

Chlorophyceae

Eutomatophyceae
Prymnesiophyceae
Crysophyceae
Cyanophyceae

Euglenophyceae

Chaetoceros calcitrans
Chaetoceros gracilis
Nitzchia closterium
Phaeodactylum tricornutum
Thalassiosira pseudonana
Cvlindrogheca fusiformis
Dunaliella tertiolecta
Tetraselmis suecica

[ Chiorella vulearis |

[ Dunaliella salina |
[Nannochloropsis oculata |

Isochrysis galbana
Paviova lutheri
Paviova salina

Cryptomonas rufescens

Nostoc commune

| Spirulina platensis |
Aphanizomenon flos-aquae

Euglena gracilis
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Chlorella vulgaris -

Haematococcus pluvialis

Dunaliella salina -

Spirulina sp. -
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Production at world &y Sy
scale
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Algae manufacturing
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Fast growers

Biodegradable
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* Natural colorants and

RS * Functional foods
« Food additives * Distary supplements
EPEHER ® Essential Amino acids
o Anti-inflammatory ® Fluorescent labelling
o Anti-carcinogenic o Cancer biomarker
® |[mmune boosters © Aquafeed
o Cosmetics & skin care ® Animal feed

N\

* Biodiesel feedstock

e RichinvitaminB,A&C 3 s‘micals
* Nutritional balance ] e

* Reduces blood : " ran
¢ * Rich source of DHA & EPA

Moo * Phytosterols- Therapeutics

it * Anti- cancerous
® Improves cardio health *a
o iy i * Improves cardio-vascular

conditions
/ * Nutraceuticals

e Cosmeceuticals

® Drug delivery

* Dietary fibres

* Anti-microbial activity

* Anti-cancerous atherosclerosis

* Improves retinol functions : :?mm - cosmetic

: Synem:;c r::r:nwﬂds stimulants; processed foods
Anti-tu : s * Carrageenan - canned &

® Prophylactic medicines processed food

* Anti-microbials ® Agar- capsule manufacture and

as foods

* Carotenoids - rich
antioxidants




Sunlight

| Microalgae and site selection |

| Collection of microalgae |
4
| Growth under optimum conditions |

co K
Nutrieznts :(> = /

Water

\

Centrifugation,

Filtration,
Flocculation,
Coagulation,

Flotation

| Microalgae cultivation |
: 2

<« | Harvesting |
v

| Collection of Biomass

!

Lipids,
Proteins,
Cabo-
hydrates,
Pigments

Open System
(concrete tanks,
shallow big ponds,
lagoons, raceway
or circular ponds,
basins, pilot tanks

or earthen pots)

Close System
(vertical column,
tubular closed,
airlift or flat-plate

photo bioreactors)

Freeze Drying I

Extraction of Bioactive
Metabolites
| |

Biomass Processing Oven
(Dewatering, Thickening & Dryin Drying
!

Air Drying I

Cell Debris Removal & Bioactive

Metabolites Purification

]
Characterization of Bioactive
Metabolites
|
| Analysis of Physiological Roles |
|}

Use for nutritional, food, feed
and health benefits

Affinity, gel
filtration, ion-
exchange, paper,
thin layer
chromatography
, HPLC, UPLC
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« High content of proteins
« Able to synthesize all amino acids
— An unconventional source of proteins

Conventional Foods Microalgal species
Meat: 43% Chlorella vulgaris: 51%—-58%
Soybean: 37% Spirulina maxima: 60%-71%

The % of protein in dry mass of some human food sources and some algae




« Variable forms:
= Starch
» Glucoses
« Sugars
« Other polysaccharides

« Highly digestible
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« A valuable source of nearly all vitamins
— Improve nutritional value
« Content depends on:

« Environmental factors

» Harvesting treatment
= Methods of drying cells
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https://fa.wikipedia.org/wiki/%D8%A7%D8%B3%DB%8C%D8%AF_%DA%86%D8%B1%D8%A8
https://fa.wikipedia.org/wiki/%DA%86%D8%B1%D8%A8%DB%8C_%D8%BA%DB%8C%D8%B1%D8%A7%D8%B4%D8%A8%D8%A7%D8%B9
https://fa.wikipedia.org/wiki/%D9%BE%DB%8C%D9%88%D9%86%D8%AF_%D8%AF%D9%88%DA%AF%D8%A7%D9%86%D9%87
https://fa.wikipedia.org/wiki/%DA%A9%D8%B1%D8%A8%D9%86
https://fa.wikipedia.org/w/index.php?title=%D8%B2%D9%86%D8%AC%DB%8C%D8%B1%D9%87_%DA%A9%D8%B1%D8%A8%D9%86%DB%8C&action=edit&redlink=1

EPA- DHA 01isS aJgi sSla Sul>y,

Culture  Cell EPA/DHA  EPA/DHA Reference
mode concentration productivity yeld
(gl (mgl™d) (mgl™)

Ulkneia sp. Flask Batch 47 6.5 14 Fan et al. (2001)
Nitzschia alba Fermentor  Fed-batch 30 2500 675 Barclay et al. (1994)
Nitzschia laevis Flask Batch 9 20 280 Wen & Chen (2001h)
Nitzschia laevis Fermentor  Fed-batch  22.1 9.7 695 Wen et al. (2002)
Nitzschia laevis Fermentor  Continuous 730 Wen (2001)

Nitzschia laevis Fermentor Perfusion 40 itx 112 Wen & Chen (2002a)
Crypthecodiniam cohnii ~ Fermentor  Batch 2.7 4560 1400  de Swaaf et al (1999)
Crypthecodinium cohnii ~ Fermentor Fed-batch 83 12764 (1700 de Swaaf ef al (2003a)
Schizochytrium mangrovei  Flask Batch 133 12826 M Fan et al. (2001)
Schizochytrium sp. SR21  Fermentor  Batch 9.2 2976 15 500 Yaguchi ef al. (1997)




Kl cod aBlo Hludl (o 50 Jg sk (55900 Hladl s sl 5 laad JluscSguw mulas gl p ¥ Kl Gy slaanl

5l el le g9 00 VIS e slaew!”

ALA) ol g WIT -

(EPA) ol S3gili 156501 -

(DHA) ol S345135al 545 90—

Some of Martek’s
products containing
DHA oil



https://fa.wikipedia.org/wiki/%D8%B3%D9%88%D8%AE%D8%AA%E2%80%8C%D9%88%D8%B3%D8%A7%D8%B2_%D9%84%DB%8C%D9%BE%DB%8C%D8%AF
https://fa.wikipedia.org/wiki/%D8%A2%D9%84%D9%81%D8%A7_%D9%84%DB%8C%D9%86%D9%88%D9%84%D9%86%DB%8C%DA%A9_%D8%A7%D8%B3%DB%8C%D8%AF
https://fa.wikipedia.org/wiki/%D8%A7%DB%8C%DA%A9%D9%88%D8%B2%D8%A7%D9%BE%D9%86%D8%AA%D8%A7%D9%86%D9%88%DB%8C%DB%8C%DA%A9_%D8%A7%D8%B3%DB%8C%D8%AF
https://fa.wikipedia.org/wiki/%D8%AF%D9%88%DA%A9%D9%88%D8%B2%D8%A7%D9%87%DA%AF%D8%B2%D8%A7%D9%86%D9%88%D8%A6%DB%8C%DA%A9_%D8%A7%D8%B3%DB%8C%D8%AF

(Pigments) & |25,

w5 P olpe 4 (Selzn, sl laSS) 5l (Se 80,5 098 (o0 23b e Sl po alaSs) ool slaws
adsia S g le gy oSt & olg (oo (Silz i, slo AlaSS;) 5 e 5l ol o adsl (g g
el Ly il il e ilie oo, )lS b Sidz gy, 5l ol gl slhadss S 5 oLl
Cawgs S5y 9 29,0 B las glp il Sl (gl (ol lalde jo paliug JoSe oylgze 4 Dunaliella
05 g0 oolitul ol ale wiile o alo 5l (F i slp orb 308 Ky olml gl 590 sl Sl g E
4yl Jlo jo i 0,8 4 jazie b Sl ;0 45 (0550516508 5 uibwsSd wile ole (i el oSS

Dgd oo ooliiwl ciol,l g 2138 slo aelp lgie




MICROALGAL PIGMENTS




(B-carotene) . ,io,S Lo
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Dunaliella salina ol 9 pw Sajyegul Shls Sul> wVgaxo
- Up to 14% of B- T
carotene in dry mass
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Product group Applications Example: (producer)
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(Food) Lsulic slgo Ulgizs & S>30, 5,018

* Algae have been used as human food for thousands of years in all parts of the
world.
* The most commonly consumed macro algae include the

3, Chondrus crispus(Irish moss)

4. Kelps Laminaria(kombu)

5. Palmaria palmata(dulse)

g 0 Macroeystis
[ 7. Undaria(wakame)

| 8. Green algae Caulerpa racemosa

= 9. Codium




¥ Microalgae

|

Conventional Food

(pasta, crackers, bread, yogurt,
beverages, ..)

*Nutritional value: high protein (aa slightly
‘3 deficient in lysine and sulfur), minerals (iron,

row e | zinc, sodium, ...), vitamins (B12, folic Aido ...
_ “Healthful

sbeneficial health properties: Polyunsaturated
fatty acids (EPA, DHA, ...) carotenoids,
polysaccharides, sterols, ...




: ; Incorporation of microalgal biomass
Cookies + Chlorella vulgaris (lyophilized)

1. Organoleptic Characteristics: Good texture

and flavor in all formulations. Intense in Formula

3, but acceptable color in formula 2 internal

consumer panel

2. Concentrations tested microalga incorporating
. the nutritional composition does not alter the

F1: Control Sample  F2: Concentration 1  F3: Concentration 2 p";odu“g"'t a potential immunostimulant effect is
observed.

Sauce (mayonnalse) + Chlorella vulgaris

Incorporation of microalgal biomass
conditioned (dried)

1. After pasteurization the emulsion is
destabilized.

2. Sensory characteristics: Good taste.

http:/ /es.slideshare.net/ainiappt/inmugal-green-food-show Concentration of microalgae used result in
mayonnaise with a color accepted by the
internal panel of tasters

F1: Control Sample F2: Concentration 2 F3: Concentration 3

3. The incorporation of Chlorella vulgaris is a
significant increase in the amount of
carbohydrate in the product developed
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Dietary supplement
(Spirulina)

—- Made from 2 main species of
Arthrospira
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Some cosmetic products containing micoalgal extract
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Sun
protection |
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Anti-aging f
cream

Body soap
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ALGAL BIO POLYMERS AND BIOPLASTICS JURURVRES I ¥ CONS IPLSRVCIN-S YO PR - JUNN PO

B Typically, long chain polymers, present in the algae lipids are used for making
bioplastics

Algae is attractive for bioplastics because of its high growth rate and high protein ;S...L> 9 l» c )13 AE:S S )35 L> ‘QU%} ‘Ql!bl-; asle
content.

The plastics market is worth more than $400 billion and has grown at an average of

3.5% per year over the last two decades. 0‘9*’ o 4—‘-"3-‘ SR (TR Lér;‘ g (o 4-*-]9-’ >

Naturally occurring polymer have many applications in medical, pharmaceutical and
food industries

le S ol dute S50 gl o5 51 o\l
Biodegradable Poly hydroxy alkanoates (PHA) are promising biopolymer which can be T T Ji’ et PN P
alternative to petroleum based polymer

PHB poly-(hydroxy butyrate) is the most abundant PHA which is homopolymer of sl 0 3 oosS Jaoew! O | ‘|
hydroxybutyrate that presents in various cyanobacteria such as Chlorogloea fritschii, T oy PR A ‘5&) LQ} SO )

Spirulina sp., Aphanothece sp. & Gloeothece sp.
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B Chlorella and Euglena grown in 1] :

photobioreactor is used to produce oxygen
in the space for the Astronauts using their

waste and help them for long term
expedition in space

NASA and many other space research
station in the world open opportunities for
planktologist
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Table 6. Plant growth enhancing compounds derived from several Cyanobacteria64

S5.No.

1.

2.

Cyancbacteria Growth enhancers
Cylindrospermum sp. Vitamin B12
Tolypothrix tenuis Vitamin B12

Nostocmuscorum Hapalosiphon fontinalis | Vitamin B12

Nostoc , Hapalosiphon Auxin like Indole-3-acetic acidindole-3-propionic acid or 3-methyl indole
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Eukaryotic Cyanobacteria
microalgae

Plant performance
improvement:

Germination

N and P uptake
Height and weight
Yield

Organic C input/

Photosynthesis

®

EPS production/
Soil aggregation

Nutrient slow release/
Biomass decomposition
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Microbial biomass/activity Biocontrol

.

Phytohormones




Biofertilizers

Nutrient supply improved
through the activity of
living microorganisms

fertilizers

Biomass as
nutrient supply

Microalgae

Biostimulants

ﬁlant growth promotion
independent of product
nutrient content

Biocontrol
agents

Pmtedion against
pathogens and pests

conditioners

Improvement of soil
physical properties
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Aquatic Food Web

The Detroit River and Lake Saint Clair are part of the Great Lakes basin that provides an important food source for the region

and the country. Below are sample species in the Great Lakes Aquatic Food Web. ( Aq u a Cul tu re fe e d) 6 ) 9 y G y i ) b b y ) 5

Tertiary (Top-Level) Consumers

Humans, certain bird and fish species.

—g— =

Ny ! Stizostedion vitreum
Esox masquinongy * (Walleye)

. S (Muskie)
Hoam_lou::‘:vg:;ns , Ardea herodias Micropterus dolomieu
(Great Blue Heron) (Smallmouth Bass)

Top of the Food Chain

Secondary Consumers

Smaller fish and other species. Some species may be both predators and prey. LS |)J . I - ks L& ; . I : 6 |)9-_> ) | )'o L> d L> )b
‘:;;?né Aiﬂe::esrtﬂ;:ic:)ns Neog(;binoomus 9 L-S\-& Lo qz) ‘ S)y -Lu Lo — LS L& M lp U*J)S),
e SSd> uyeul;, desw oslaiwl sdloall

Smaller fish and other species. Some species may be both predators and prey. 5
Gonars e I B MUS Sy9n sl Slhgs sl esleiwl 590

(Yellow Perch) (Round Goby)
(Amphipod, S &

Zooplankton %a @“"P"dc h ceanAyth)Z{VGIisl‘i;;ria <] e
(Daphnia, Waterflea) (Leech) (Canvasback) ¢ L)_‘“_uu 9 )lS 9J L) ¢ pS.LAAS | >9J ls ¢ |9J9 lJ 4 u.\.\.\.Ql_uJ I)-*J

Oligochaeta T

Worm) S et 4
Physidae i phemeroptera Osmeru; mordax ) | LS ) LA—A.IU . M | )A_LAJ 9.A_LAJ \J LJ 9 LQ.A.IS_A.AJ |

(Pouch Snail) (Midge Larva (Mayfly Nymph) (Rainbow Smelt)

Macrophytes, ph:’t:;:rixrtocne a':\sd’zoDoﬁlfr?k::‘np(r:i:reo:csoi ::::st g: :::n's\als) and detritus. )b € La" | 'bg'l'zo lJ usw | 9 v )'ls )-l L& ;*S )-LIJ
AS v oslaiwl SH9, Sl Slyg>

(Algae)

Base of the Food Chain

Valisneria americana Macrophﬁe
(Wild Celery) (Aquatic Plant)

Not to scale. Adapted from the Life of the Lakes MICHU 09-400 Michigan Sea Grant, www.miseagrant.umich.edu
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< Direct/Indirect consumption (69 Syl b S, ol

< Required criteria:
« Easily cultured 9y i
= Nontoxic
« Digestible cell wall
= High nutritional quality:

* Determined by protein & vitamin contents, and the ratio _
of unsaturated fatty acids u_eb S

« Mixing species of microalgae — balanced
nutrition
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Chaetoceros
Thalassiosira

Tetraselmis

| Nutrient | .
assimilation Isochrysis

Cleaned water

Nannochloropsis

' v , Algal uptake of
Daphnia magna & { 72 100% Phosphorus &
incorporate 100% ¥ = L 4% 50-70% Nitrogen
Phosphorus & 70- — N\

100% Nitrogen
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Chlorella

Tetraselmis

i Isochrysis
T Veggie Wafers |
Chaetoceros

Nannochloropsis

Skeletonema

Thalassiosira

Pavilova
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Dunaliella salina =

Haematococcus pluvialis =

RN Spiraling 5o, =
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« Current trend: avoiding using microalgae
= High cost
« Difficulty in producing, harvesting & storing

« Alternatives have been develop, but are
not advanced enough to be widely applied.
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