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anonc | vearbepioyea
Sulfonamides 1930s 1940s
Penicillin 1943 1946
Streptomycin 1943 1959
Chloramphenicol 1947 1959
Tetracycline 1948 1953
Erythromycin 1952 1988
Vancomycin 1956 1988
Methicillin 1960 1961
Ampicillin 1961 1973
Cephalosporins 1960s late 1960s

Table 20.2 Microbiology: A Clinical Approach (© Garland Science)
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Knowledge of Full Genome sequence:
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Probiotics {=———"> Intestinal Microbiota < ——- Prebiotics

Stomach
Live bacteria ——— Non-absorbable
Small Intestine oligosaccharides
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Antibiotics application in aqua feed
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Source: The Norwegian Medicinal Depot, The Directorate of Fisheries
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120 Global Aq uaculture (million tonnes & US$ million)

(FAO FishStat 2009)
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Global aguafeed production in 2007
27.1 million tonnes (Tacon et al, 2010)

Eels 0.4 M 1.5%
Milkfish 0.6 v 2.0%

0 l
Trout 0.9 M 2.3%

F'W crustaceans Me: 1.3 M 4.9%

Salmon 2.0 Mt; 7.5%

Catfish 2.4 mt; 9.0%

Misc FW fish 0.4 ye1.3%

Carp 8.2 Mt; 30.4%

Marine fish 8.2 Mt; 30.4%
Shrimp 4.8Mt; 17.8%
12.9%

Tilapia 3.5 Mt; 15.1 Mt & 56 % fiw spp
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Aqua feed products
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Orrerview of antibotlc resisiances reporiad in the food-sssocizied LAB

Foads Spacies Resistances R afarences

B mgad grsduets

Fouliry Lk meureri Gd el Lin at al., 1996

Raw ground pork Lk reureci 100=53 ermiT) Tannock et al, 1994
ik, plangrum caTCIR Cm Ahn oot al, 19492

Raw ground pork and beaf Ik pakei | fB curvetug, Rtracyeline (89%) Vidal and Collins-

Fermenigd prseducts
Raw milk sofi cheesa
Greek chesse

Youhurt starter cultunes

Migerian fermented foods
and beverageas

Fermenied dry sausapes

Turkish yoghuris
Buropean problotic products

(dhers
haize silage

Lk plantirum, Lh Brevis,

f#ucn. mesenlémddes

Le lactix sitain K214

Lk acilophilus ACA-DC 243
5 thermophilus and

Lk delbruslii sp. Rlgricus
Lk pentosus, b acidsphilus,
Lk cagel, Lb Brevis,

b, plangrum, LB jensénil

Laetabaeillus spacies

&. thermophi s

ik, acilsphilus, Lb chamnagus,
Lk cagel, b jhnsannii,

Lk slantrum, L reuterd,

L. delbreulil spp. Bulparicus

Lk plangrum 5057

chloramphenical (3%);
rethicilin (85%)

S~ (Sioar
Penicillin
Megdmycin, polymyxin B

Teracycline (42 5%
Envihromnecin (17.5%)
Ampieillin (47 5%)
Oaxacillin (80%);
penicillin (77.9%)
Tatracycline
Centamieln {T9%)
Benicillin G (a4%)
Eanamneln {T9%)
Vancomycin (65%)
Tetracyeline (2a%)
Benicillin G (23%)
Envihromnscin {16%)
Chlaramphenicnl {11%)

rer (M)

Thompson, 1987

Perreten &t al., 1997k
Charteris ot al, 199

B
Gozel and Smdley, 1980

(Hukoya et al, 1993

Crevers o al, 20403

Aslim znd Bevail, 2004
Temmerman ot al, 2002

Danialsen, 2042
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Pivotal species for Biotechnology
microalgae

Cyanobacteria
Arthrospira sp. (common name spirulina)

Chlorophyta

Tetraselmis sp.
Chlamydomonas reinhardtii
Haematococcus pluvialis
Dunaliella sp.

Neochloris oleoabundans
Scenedesmus sp.

Chlorella sp.

Parietochloris incisa




Microalgae

Cyanobacteria have been found from 3.5 billion years ago they created the
atmopsphere

February 9, 2013 27



Microalgae
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Commercial Species

20 @® .. 0
o & O
Late 1950's , - . & s Chlorella — Japan, Taiwan (Indonesia, Czech Republic)

\'\
U | N
1060's - ‘ Spirulina — Mexico, USA, Thailand (China, India, Taiwan)
\\J,.

+ Microalgae for aquaculture

February 9, 2013 31



Valuable compounds from microalgae

Pigments / Carotenoids Fatty acids (PUFAs)

k-Carotene DHA (C22:6)
Astaxanthin EPA (C20:5)
Lutein ARA (C20:4)
Zeaxanthin GAL (C18:3)
Canthaxanthin

Chlorophyll

Phycocyanin

Phycoerythrin

Fucoxanthin

Vitamins Other / Pharmaceuticals
Antioxidants A.B1,B6,B12.C.E  Antifungal
Catalases Biotine Antimicrobial
Polvohenol Riboflavin Antiviral
Ssgsrui?; Igismutase Nicotinic acid Toxins
Tocopherols Pantothenate Amino acids, Proteins
Folic acid Sterols

MAAs as light protectant
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Microalgae cultivation

February 9, 2013



Commercial Products




Microalgae application in
Aqua feed

Strain Cell size Cell density  Cell density M G Dry weight CFU
um (inoculated)  (harvested)  divisions day” mgmL"  CFUx10'mL’
cellsmL™" 10° cellsmL™ 10°
Synechococcus elongatus Ix2 0.06 43 0.7 1.4 Il n.d.
Synechocystis sp. 1.3x2 0.06 286 0.7 1.4 07 n.d.
Amphiprora paludosa 59x27 0.02 4.6 0.6 1.6 04 0.6
Dunaliella tertiolecta 8-11x 14-16 0.02 1.8 0.5 20 0.5 3.0
Chaetoceros muelleri 8-12x7-10 0.02 26 0.5 20 09 26
Porphyridium cruentum Sx8 0.02 9.7 0.7 1.4 1.3 0.5

nd not detected
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Astaxanthin — Market Opportunities

Market sectors Current Potential Growth
market market size (by rate
size 2020)
Animal feed coloring agent $300M $800M ~ 10%
salmon, trout, shrimp, chicken feed
additive, etc.
Antioxidant Nutraceutical $30M $300M ~ 30%

dietary supplement, food colorant,

macula pigment enhancer, anti-
AMD

agent, etc.
- Emergin 500M > 50%
Pharmaceutical ging $ b

super antioxidant, anti-
tumor/cancer

agent, aging preventing agent, etc.
Cosmetics Emerging $30M > 50%

g >

5 NaturAstg
SRR - .- BL00% Pure
N o I77ZV M Powder

e onc sy

- Natural

. = Staxanth)
A -

MCE OGS

Blb-XANTI:IIN

NATURAL AsTAXANTHIN
Aatioxidant Food Supplement
40 Gelcaps 4mg.
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Microalgae probiotic

Aquaticanimal ~ Probiotic strain ~ Challenge test with Results References
Salmon Tetraselmis A. salmonicida -good control Austin et al, (1992)
suecica A. hydrophila of diseases by

Lactobacillus spp. ~ Prophylaxis
S. liquefaciens

V. anguillarum

V. salmonicida

Yersinia ruckeri

type |

Oyster CA2 N.D.
(larval culture)

-better yield Douillet and Langdon
(1994)
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