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The Use of Algae as
Animal Feed

Algae

. Algae have been a human food for thousands of years in all parts of the world
(Borowitza, 1998) and in maritime areas of the world as fodder (Volesky, 1970)

-+ 40000 species of eukaryotic and prokaryotic (cyanobacteria) algae, only a few species are
used directly as food or as food supplements at present

Micraalgae curreatly used (ar proposed) for haman consumption

Alga Source Reference

Cyanobacteria (blue green algac)

Spiruling pisiensis Cultured (USA, Thailand,  Jassby (19%5h): Richmand

5. maxima China, Tarwan, Indis etc)  (1988); Belay of . (1994)

Nostor commune Field-callected Martinez (1988)

Aphanizomenon Fickd-collected (Lake

flos-aquae Klamaih, USA)

Chinrophyta

Chlavella 1pp. Cultured (Taiwan, Japan) ~ Soang (1960)

Dunafilta salina Cultured (Australa, lrael,  Borowsizka &

(for bew-carorenc) UsA) Borowitzka (1989%4)

Scenedesas spp. Culiused (Caeeh Republic  Becker (1988 Grobbelaar
and experivental) etal, (1995)

Haemasocoecus pluvialls Cultured (experimental Barowitzka (1992)

(for astaxanthin) aniy)

Algae — Commercial Uses
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Algae Foods and Supplements
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SUPERFOOD?

Algae as Feed

» Source of Protein

Mycotoxin binding

* Source of DHA/Omega-3; ¥ 4 - <
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Animal feed

Alitech

Chlorella Vulgaris

Ochratoxin binding
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The addition of Chlorella Vulgaris (CHL) to broiler feed at 0.5, 1 and 2kg/T resulted
ina 13, 34 and 35 % decrease in liver OTA concentration when compared with the

control containing no mycotoxin binder
AHtech

OTA, ng/kg lver
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Algae as sources of Omega-3

¢ 1980'5/1990's
. Markets for long chain omega-3 fatty acids began to develop in the areas
of health supplements and food enrichment and for use in animal feeds to
modify the fats of poultry, beef, and pork to a healthier profile for humans
(Barclay, 1994)
*  Algae production optimized by companies such as Martek and OmegaTech
in the US

* 2000’s - Enrichment of meat with omega-3 investigated using different
feed sources (Rymer & Givens, 2005; 2010)

¢ 2010’s — Commercial algal products available for enrichment of meat,
dairy and eggs. E.g. All-G-Rich and FORplus by Alltech.

Alitech
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* Downstream processing
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* Closed, controlled system

Mseting & Exceoding
Globatly Accepied Standards.

* Minimized contamination
risks

* Higher level of consistency

* Traceable
¢ Pure

« Capacity, automation and
versatility

Protected by AQS
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Alltech Algae Production Facility

Benefits ‘

One 1.5ml 1
Cyrovial Highly Renewable

An equivalent crop from 6-8 acre of Corn would take 6 months to grow

Benefits ‘

v'100% Plant-Based

v'Sustainable

v'"Non-GMO

v'Pure & Traceable

v'Source of Omega-3/DHA

Alitech
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Omega-3 Fatty Acids ‘

Mol

unsaturated

Polyunsaturated

Omega-6 Omega-3

Alpha- linolenic Acid Eicosapentaenoic Docosahexaenoic
Acid (EPA) Acid (DHA)

Omega-3/DHA - Clear, Functional Benefit
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EFSA Nutrition & Health Claims: O-3 Fatty Acids

‘SOURCE OF OMEGA-3 FATTY ACIDS’

A claim that a food is a source of omega-3 fatty acids may only be made where the product contains at least 40
'mg of the sum of EPA and DHA per 100 g and per 100 kcal. -~

N

‘HIGH OMEGA-3 FATTY ACIDS’

U
A claim that a food is high in omega-3 fatty acids, and any claim likely to have the same meaning for the p
consumer, may only be made where the product contains at least 80 mg of the sum of EPA and DHA per 100

and per 100 keal. ‘
HEALTH CLAIMS y
DHA and EPA contribute to the maintenance of normal blood pressure (3g)

DHA and EPA contribute to the maintenance of normal blood triglyceride levels (2g)

DHA contributes to maintenance of normal brain function (40mg)

DHA contributes to the maintenance of normal vision (40mg)

DHA intake contributes to the normal visual development of infants up to 12 months of age. (100mg)

DHA maternal intake contributes to the normal brain of the foetus and breastfed infants. (200mg)

DHA maternal intake contributes to the normal development of the eye of the foetus and breastfed infants. (200mg)
EPA and DHA contribute to the normal function of the heart (Source of)

Altech’




Fish Oil Replacement ‘

* Global fish stocks decreasing due to over fishing

* Global population and demand for food and protein
is increasing

HOW CAN
WE FEED

9 BILLION
PEOPLE???

How much protein will we need..? ‘

Wiorld Farmed Fish and Beef Productan, 1950-2012 Wiord Animal Protein Procucton Per Persan, 1961-2008
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Trends in Modern Salmon Feed Formulation

100% = Vit & Min
90% Always 0.5%)
80% [ ] glarcf‘:

70% = Fish Meal
60%
500; H Alternative

o Protein
40% = Fish Oil
30% .
20% | Vegetable Oil
o

2010 2015 2020

After Tacon & Metian 2008 I\'ﬂech‘

Global Fish Oil Production

Miion Metric Tons
Source  ISTA Mielke GmbH Fishmeal and Oil World, Hamburg, infernet www oitworld de
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EUMembers Denmark and Sweden included in Scandinavia
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How is it used?
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Alltech-Nofima Research Allian

Trial Design

« The objective of the study was to evaluate the nutritional and
flesh quality impacts and functional activities in commercial
Atlantic salmon diets with increasing levels of All-G Rich.

« Afeeding trial with 4 levels of All-G Rich (0%, 1%, 6% and
15%) was performed.

A total of 480 fish were divided into 4 treatment groups with
3 reps per treatment and 40 fish per tank.

¢ 12 week feeding trial

Altech
Alltech-Nofima Research Allian
Results u
¢ The 6% All-G Rich treatment " o
group had the highest DHA T
percent in the fillet with the
15% All-G Rich treatment group e
slightly less. o e
¢ The 6% All-G Rich treatment ,
had the highest total of PUFA
omega 3 as well as EPA plus 02
DHA.
o DHA (%)
Altech
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Alltech-Nofima Research AIIiar‘

Trial 2 — Diet Design

sa%

a

o

@ Aeen sea
R
o

Additives
Plant proteins
= Binder
Flant oil mix
= Fishail

= Alltech BioPlex

e o e
R, w7 FL

Altech

Alltech-Nofima Research AIIiar‘

Trial 2 — Biometrics
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Verification of results from trial 1:
Dietary AA induce statistically significant increase in dress out

percentage of salmon ’\'ﬂecht

Alltech-Nofima Research AIIiar‘

Trial 2 — Lipid Analysis
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Alltech-Nofima Research Allian

Trial 2 — Fillet Quality

MFM_0_AA MFM_25_AA MFM_5_AA LFM5AA  LFM5.AA BP
Dietary FM level () 15 15 15 10 10
Dietary AA level (%) o 25 5 5 5
Liquid loss, % 21205 30£02 25505 28+03 25+04
Lightness, L value 79.4+03 79.7£0.4 799403 79.1£0.2 80.00.5
SalmoFan score 220£0.3 21202 21.3£03 219£03 215403
Firmness** (N) 157008 161£0.10 161+0.08 1552006 1442010
Gaping* (%) 33.3£25% 26.725° 26.7+2.5 40+4.40 6.7+25¢

Alitech

Alltech-Nofima Research Allian

Conclusions

® Fish growth rates were high and similar in all treatments.

® FCR was low and similar in all treatments.

® Highest levels of DHA were analyzed in fish fed Alltech Algae
® Bioplex mineral supplementation in low fish meal diets
resulted in Significantly improved Omega 3 lipid levels and

were similar to medium fish meal diets.

® Gaping was nearly eradicated by the supplementation of

Bioplex minerals.

Recently published Alltech research

* Poultry & Egg

Alitech

e Dairy — milk enrichment and animal performance

* Pigs
* Fertility

Alitech
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Recently published Alltech research
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Poultry & Eggs

Poultry Performance

Table 3. Effacts of dietary treatments on the production performar
h7e

Cogritive health
Eupe dewelopment

ind body weight of laying hens from wk 45

throug
Diat!

Production parameter_ Control 4 1%AI-G-Rich™ _+2%AILG-Rich™ +3%AIFG-Rich™ _Pooled SEM_ Paalue
Fge production (HDP%) 776 n7 83 765 ) 039
Feedintake (ghenid) 116 110 1o e 18 009

od comersion (kgid) 181 180 Lén 177 006 08
Bird woight of wk 63 (ke) 180 17 76 177 03 05
Bird weightof wk 77 (kg) 188 192 L7 184 [

"Data are means of 6 rephcates of S hens,
Dict: control = corn-soyboan meal basal diet with nio AIL-G-Rich™; 1% Al
+2% AIL-G-Rich™ = besal diet with 2% AILG-Rich™: 3% All-G-Rich™

Poultry & Eggs

Egg Characteristics

Table 4. Effects of distary ireaiments on egg characteristics.

ich™ — basal diot with 1% AIL-G-Rich™;
asal diet with 3% All-G-Rich™

Altech

Dief

Ege charscteristic

GAILG-Rich™  +I%AILG-Rich™  Pooled SEM  Pvalue

Egg weight (2) 664 658 112 003
284 29.0 058 055
535 523 w19 038
720 748 183 040
67 6100 0 0.004
16 B 033 0.006
626 628 097 008

"Data are means of & replicates of 6 eggs sampled aftor feoding treatmant diets for 25 weck.
*Diet: control = corn-soybean meal basal diet with no AI-G
+2% AILG-Rich™ = basal diet with 2% AI-G-Rich™; +3% All-
2Maans within a row with no common superseription differ (P = 0.05)

5 L gl Pt Re
. dot o/ 10

ToAs 2 %
i ez

Rich™; +1% AILG-Rich™ = basal diet with 1% AIl-G-Rich™
-Rich™ = basal dist with 3% All-G-Rich™.

Altech
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Poultry & Eggs

Egg Enrichment

Table 6. freaiments on totallipids and major fatty acids of egg yol.!
Diet®

+1% +2% 3% Pookd Linear
Tems Control_ AILG-Rich™  AILG-Rich™ _AILG-Rish™ Povalue_contzast
Total pid % 305 EE) 300 205 3
Major fatty acids (mg/100 g of yolk)
CI60  Pamitic 7631 70 01 8005 moo0 om
Clé1n7  Palmitokic 363 519 613 6l 27 0w
CIs0 Pamitic 2844 2745 2650 ms 08
CIEITC Vascenic 45 04 428" 3857 59 ool
CIS19C Oleic 1503 11064 1285 e M 05 o
Cl8206  Linolsic sSST s S066° 4555° B35 oo
C20dns  Arachidoric s 2690 e e s om0 =
©226m1  Docosshexaenoic (DHA) 2487 S0 e 6t 15 om0 =
TData are means of & replicates of one yolk sampla paoled from 3 egas.
*Diet-control . ™ 19 ALLG-Rich™,

+2% AILG-Rich™ = basal diet with 2% AII-G-Rich™; +3% AILG-Rich™
with (P < 0.05)

“significant linear contrast P < 0,01

s not significant linear contrast: > 0.05.

basal diet with 3% AIL-G-Rich™

Altech
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Dairy

Dietary supplementation with algae on lactating cows
» Health, productivity and milk composition
» Treatment group - 100 g algae/cow/day (16 g DHA/cow/day)

Results:

s

No negative effects on animal health in terms of somatic cell count, haematological
and biochemical blood parameters

Body condition was marginally improved.

A tendency towards increased milk production was observed during the final stage
of the study (+4.5 kg cow/day on days 78-84).

The fatty acid profile of milk was improved by supplementation, with significantly
lower saturated fatty acids, significantly higher omega-3 fatty acids and an
improved omega-3/omega-6 ratio

Peak transfer efficiency from feed to milk at day 49 of 8.3%.

No negative impact on cheese making qualities — casein content, creaming, rennet
coagulation*

A3 Anim Feed Sc inpress)

Pigs

06/02/2018

Conclusions
DHA reponse in loin and backfat of .
grow/finish pigs fed 0 or 1% dietary algae the last 28 days characteisis,
o .
o whie

2 bacifst DHA incressed 0.0616 to 0.1924 (P<0.001)
H < Contra + Totslomega-3 FAn lon ncreated from 0.1207 t0 0.1528
& £/100 g tissue (P<0.001).
-
2 0

Moran,C. A, Fusconi, . Morlacchin, M. & Jacques, . A. (2017,
diets contining Science, 959

12



Animal Fertility

Dairy Cows*; diet supplemented daily with 100 g/cow of an algae from 27 to 147 days postpartum.

Results:

Increased resumption of estrous cyclicity (77.6 vs 65.9%) and pregnancy at first Al (47.6 vs
32.8%) in primiparous cows.

Increased pregnancy per Al in all Alin both primiparous and multiparous cows (41.6 vs 30.7%),
which reduced days to pregnancy by 22 days (102 vs 124 days) compared with control cows.

Boars'; supplemented 75g algae daily

Results:
Significant increase in semen volume and total sperm number indicated that the feeding regime
described within this study has the potential for increasing the output of boar studs.

“MP Boland, S Fai et al. Theriogenolagy 90 (2017) 78:87
1LPD Sinedino, M.P. Boland Reproduction (2017) 183 707-723

Altech
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