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* Challenges for human food security and nutrition in the world

*  Our planet faces a growing food crisis. According to the United Nations, more than 800 million people are regularly undernourished.
DISTRIBUTION OF UNDERNOURISHMENT IN THE WORLD (IN MILLIONS) IN 2018*
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; * By 2050, an additional 2 to 3 billion new guests will join the planetary dinner table.
OURCE: FAO.

William Moomaw, Isaac Berzin, and Asaf Tzachor.Industrial Biotechnology.Oct 2017.234-243
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https://www.un.org/development/desa/publications/world-population-prospects-the-2017-revision.html
http://www.fao.org/state-of-food-security-nutrition/en/

Meeting this
challenge involves
not only providing
sufficient calories for
every person, but
also assuring a
balanced diet that
includes the protein
and nutrients that
are essential to good
health.
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Marine algae (micro
or not) might be a
sustainable solution
for solving global
macro-hunger.
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https://phys.org/tags/marine+microalgae/
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© Antioxidant properties

o Antimicrobial activities
o Health-related properties

o Improved shelf life

o Enhanced nutritional
and organoleptic properties

o Safer products

'
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2018, Pages 1-74
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https://doi.org/10.1016/B978-0-12-811442-1.00001-8
https://www.sciencedirect.com/science/article/pii/B9780128114421000018

e Some problems (potential or not) with current food production systems
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Livestock
production

is replacing forests
with cropland and
pastures for meat
and animal feed.

Nitrogen and
phosphorous
fertilizer used to

grow feed grain

and other crops is DID YOU KNOW?

i H ENVIRONMENT  Twenty-six percent of the Planet’s ice-free land is used for livestock grazing
d eg ra d n g SOl I S nf and 33 percent of croplands are used for livestock feed production. Livestock
an d cre at| ng contribute to seven percent of the total greenhouse gas emissions through
enteric fermentation and manure. In developed countries, 90 percent of cattle
b i (o] | og i Ca | d ea d belong to six breed and 20 percent of livestock breeds are at risk of extinction.

zones | n some 400 socia One billion poor people, mostly pastoralists in South Asia and sub-Saharan Africa,
 s&.depend on livestock for food and livelihoods. Globally, livestock provides 25
1 ;\ percent of protein intake and 15 percent of dietary energy.

.

Agricultural land used for
LIVESTOCK PRODUCTION

g d

S 7

Agricutural land used for
DTHER AGRICULTURAL PRODUCTION

estuaries around
the world.

economy  Livestock contributes up to 40 percent of agricultural gross domestic product
across a significant portion of South Asia and sub-Saharan Africa but receives just
three percent of global agricultural development funding.

covernance  With rising incomes in the developing world, demand for animal products will

continue to surge; 74 percent for meat, 58 percent for dairy products and . . b . . g 8/30
500 percent for eggs. Meeting increasing demand is a major sustainability Algae in animalfeed and its environmental impact. /

challenge. ) gros@um.es
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https://phys.org/tags/food/

Fish are an important
source of omega-3 fatty
acids and essential
amino acids that make
up our proteins.
However, eating fish has
some downsides.

They can concentrate
heavy metals and toxic
organic chemicals in
their tissues and pass
them on to us.
Furthermore, most
ocean fisheries

are overfished or at
maximum production.

nvironmental impact.
gros@um.es -
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https://www.hsph.harvard.edu/nutritionsource/omega-3-fats/
http://www.fao.org/3/a-i5555e.pdf

Aquaculture is producing Environmental impacts

a growing share of world FEED CHEMICAL TREATMENTS INTRODUCTION OF
seafood. Fishmeal & Fish Qil for diseases, parasites and net biofouling DOMESTICATED SPECIES

But fish farms can have
serious environmental
impacts, including water
pollution, disease
transmission to wild

fish and habitat destruction.

|
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Demand for small ocean fish
to feed those raised on
farms is depleting wild
stocks.
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http://www.worldbank.org/en/news/press-release/2014/02/05/fish-farms-global-food-fish-supply-2030
http://dx.doi.org/10.1002/9781118857915.ch10
https://doi.org/10.1371/journal.pone.0010095
http://www.npr.org/sections/thesalt/2016/04/07/473293477/tiny-forage-fish-at-bottom-of-marine-food-chain-get-new-protections

* Solutions: Seaweed and algae as Gz
environmental solution

An alternative approach: Cutting out the ‘middle fish'

Alternative solution:
commercial production of marine
microalgae as a staple human food

and feed for animals and farmed
fish.

These tiny organisms are the
ultimate source of omega-3 fatty
acids and amino acids that humans
need in our diets, and which many
of us get by eating fish.

But fish are merely aquatic
intermediaries in the nutrition
business. We can feed the world
more efficiently by "cutting out the
middle fish."

I 3 ’ B e te
Microalgae (shown here, r 1S) C¢ W d
biomass in the presence o ;
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https://phys.org/tags/omega-3+fatty+acids/

Microalgae are a nearly
untapped resource, and
are found in both
freshwater and marine
aquatic systems.

Although they are only
few micrometers in size,
they produce amino
acids, fatty acids,
vitamins, minerals,
antioxidants, polymers
and carbohydrates.

Source Crude protein Carbohydrates Lipids
Soybean 37 30 20
Corn 10 85 4
£ Wheat 14 84 2
Anabaena cylindrical 43-56 25-30 4-7
Arthrospira maxima 60-71 13-16 6-7
Chlorella vulgaris 51-58 12-17 14-22
Spirogyra sp. 6-20 33-64 11-21
ynechococcus sp. 73 15 11

Fatty acid Sp Cv Sc Dt Nanno Neo
140 034 307 148 047 7.16 043
16:0 40.16 25.07 21.78 17.70 2335 19.35
16:1 9.19 525 5.95 0.88 26.87 1.85
16:2 N.D. N.D. 3.96 3.03 0.39 1.74
163 042 1.27 0.68 124 048 096
16:4 0.16 4.06 043 10.56 N.D. 724
180 118 063 045 N.D. 045 0.98
18:1 543 1264 1793 487 13.20 20.29
182 17.89 7.19 2174 1237 1.21 12.99
183 18.32 19.05 3.76 30.19 N.D. 1743
184 0.08 N.D. 0.21 N.D. N.D. 2.10
20:0 0.06 0.09 N.D. N.D. N.D. N.D.
20:1 N.D. 093 N.D. N.D. N.D. N.D.
20:2 048 N.D. N.D. N.D. N.D. N.D.
203 N.D. 083 N.D. N.D. N.D. N.D.
204 N.D. 023 N.D. N.D. 274 N.D.
205 N.D. 046 N.D. N.D. 1431 N.D.
SFA 41.74 28.86 23.71 18.17 30.96 20.76
MUFA 14.62 18.82 2388 575 40.07 22.14
PUFA 3735 33.09 30.78 5739 19.13 4246

2Adapted from [11,44-46).

Algae in animal feed and its environmental impact.
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Dual potential of microalgae as a sustainable biofuel feedstock and animal feed

*December 2013
«Journal of Animal Science and Biotechnology 4(1):53

Nannochloropsis oculata
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For example, the omega-3 rich
microalgae Nannochloropsis
oculata, or simply Nanno, is a
promising potential source of
high-nutrient food and feed.

It is 40 percent protein by dry
weight, of which one-third
contains essential amino
acids, and 6 percent EPA
omega-3 essential fatty acid in
a highly bioavailable form.

Algae in animal feed and its environmental impact.
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https://phys.org/tags/carbon+dioxide/

Land
productivity

Beef

148,077
L/kg

Beef
Seabream

Land and water requirements for the production of

essential amino acids from various sources: freshwater

81,633 | usage and annual land productivity. Credit: Industrial
L/kg Biotechnology, CC BY-ND
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Soybeans
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Some experiences with algae in animal feed and its environmental impact

ATV LAEEES ON W S T N
scophyllum nodosum

Algae in animal feed and its environmental impact. 20034
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“Differentiation in sensory quality of pig meat fed with prebiotic algae and effect
on the intestinal flora of the pig”

ENTRADA ANIMALES CONTROL

n=377 Periodo Cerdos Aerobios T.
x: 30 Kg 1°" Periodo Control 8,59+0,22
Prebidticos 8,51+0,24
17/09/03 24/09/03 23/10/03 24/11/03 22/12/03 ANOVA NS
l l l l | 2% periodo Control 8,361+0,19
Prebidticos 8,74+0,40
* %k
Recogida de muestras: Recogida de muestras: Recogida de muestras: Recogida de muestras: - ANOVA
SANGRE HECES SANGRE SANGRE 3¢ Periodo Control 8,7310,34
. - 50gr HECES 50gr HECES 50gr Prebidticos 8,77+0,30
A ¢ 69 ANOVA NS
W 7 Bifidobacterias
75 d |’ as Sacrificio 17/12/03 6,78+0,89
\ Para Analisis Sensorial
h 3 y Fisicoquimico 7'59i0'35
Y e sy ;
¥ 200gr prebidtico suplement/Ton m11s 7,06+0,36
7,26+0,23
ENTRADA ANIMALES TRATADOS NS
n=392 6,49+0,58
x: 33.18 Kg 7,2310,43
%k
Recogida de muestras: Recogida de muestras: Recogida de muestras: Recogida de muestras:
SANGRE HECES SANGRE SANGRE
50gr HECES 50gr HECES 50gr o
| I I I | Clostridios
0,99+1,47
02/10/03 15/10/03 23/10/03 24/11/03 22/12/03 0.44+1.03
Dieta Algas L
Prebiéticas NS
PESO MEDIO DE LOS Entrada al Primeratoma Segundatoma Terceratoma  Cuartatoma 2,18%1,68
ANIMALES estudio de muestras de muestras de muestras de muestras 0,57+0,85
Control (macho) 30Kg 34,15Kg 55,61Kg 81Kg 107,23Kg * k%
Control (hembra) 30Kg 30,38Kg 50,3Kg 76,53Kg 90,41Kg 2 4141.26
Tratado (macho) 33,18Kg 32,25Kg 45,58Kg 71Kg 96,3Kg yrL==
Tratado (hembra) 33,18Kg 35,67Kg 47,69Kg 69Kg 91,92Kg 1,75+1,36
* %

Algae in animal feed and its environmental impact.
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Anaerobios T.

8,6710,32
9,1040,06
kkk
8,5610,21
8,7410,40
NS
9,0040,29
8,9410,32
NS

Lactobacilos
7,3240,28
8,12+0,30

%k k
6,27+0,81
7,23+0,50

%k

6,4010,81
7,4510,66

k%

Enterobacterias
5,59+0,62
5,60+0,43

NS
3,05+1,59
5,64+0,57

*kk
5,83+0,49
6,80+0,48

kK %k
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“Differentiation in sensory quality of pig meat fed with prebiotic algae and effect
on the intestinal flora of the pig”

Sensory under UNE 87-010-93 y 87-
017-92 and trained panel (11)

Terneza

Jugosidad

Brillo

Intensidad Aroma

Intensidad Sabor

Tratados

—— Control

The control sample was defined by the judges as a sample of a reddish colour
that is not too bright, with a moderately intense aroma and a mild flavour
that presented a mild juiciness and moderate tenderness.

The treated sample was defined by the judges as a less bright reddish colour
sample with a slightly intense aroma and slight flavour that presented a
slightly dry juiciness and slightly hard tenderness.

* Inview of the preliminary results, the use of prebiotic algae in the
feeding of the pig farmer seems interesting.

* The effect on the sensory aspect perceived by consumers and on
the beneficial microbial flora seems to have been demonstrated.

* New and more extensive research is needed to confirm this data.

* The nutritional study of meat is under development to know the
effect on bromatological composition.

Algae in animal feed and its environmental impact.
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i e arbohyd‘ates have been'd@scribed as having prebiotic properties with
ealth benefits to pigs. “

To evaluate thisgpossibility, our group rec!ntly determined the effects of feeding a

-

microalgae extracthn growth performance of nursery pigs.

This MAE represé the portion that remained after partial extraction of fat by
i@chanical me i

R W




MAE in diets fed to pigs ,_

Nursery phase

S WS,

Beginning at weaning (21 days of age)

L 6 weeks post-weaning.
Diets in each nursery phase P &

TR ;g;e
MAE was included in diets as a ~ | Low dietary levels of MAE (1 and 5%) Bioremed

pa rtial replacement for corn e included to evaluate possible prebiotic effects of microalgae in the gut of weaned pigs. Microalgaeleﬂ"
) treatment of v

= . . y from bi

* Phase 1=1to 14 days High dietary levels of MAE (10 and 20%) e
lactose (20%), * included to evaluate the utility of MAE as a significant source of energy and nutrients in

soy protein concentrate (15%), nursery diets. : A

dried whey (5.5%) and
fish meal (5%) in addition to

Table 1. Effect of dietary microalgae extract (MAE) concentration on nursery pig

corn and soybean meal. i
MAE concentration
Trait 0% 1% 5% 10% 20%
Pig bod ight, Ib:
e Phase2=15to 28 days Dy 1sa 160 158 159 155
Day 42 579 60.8 60.5 61.2 58.5
B B B B ADG, Ib:

these same high quality ingredients but e - - - _— -
at lower concentrations. nle 109 147 g 2 10
Day,1—7 0.26 0.32 0.30 0.31 0.27
—_ Day 1-42 161 1.69 1.66 1.67 1.58
° P h ase 3 - 2 9 tO 4 2 d ayS HeZthy pigs, %** 817 93.3 90.0 96.7 93.3

*Adapted from: Urriola, P_E., J. A. Mielke, Q. Mao, Y. T. Hung, J. F. Kurtz, L. J. Johnston, G. C. Shurson, C. Chen, and M. Saqui-Saices. 2018,
Evaluation of a partialy de-oiled microalgae product in nursery pig diets. Transiational Animal Sci. 2:168-183.
+4pigs surviving to day 42 and did not receive individual antibiotic treatments.

Algae in animal feed and its environmental impact.
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Effect of dietary microalgae extract (MAE) concentration on nursery pig
performance and health® Pigs experienced some

MAE concentration coughing and diarrhea during

H 0, 0,

L Lo iy 3% 10 i the second week of the

Pig body weight, lbs . . .
Day 7 154 16.0 15.8 159 155 experiment, which resulted in
Day 42 579 60.8 60.5 61.2 58.5 the need to treat all pigs with

ADG, lbs neomycin (22 mg/kg BW) in
Day 1-7 0.20 0.27 0.25 0.26 0.21 drinking water for seven days.
Day 1-42 1.09 147 1.14 1.17 1.10

ADFI, lbs 18 additional pigs received individual
Day 1-7 026 0.32 0.30 0.31 0.27 antibiotic injections to combat persistent
Day 1-42 161 1.69 1.66 1.67 1.58 coughing and gaunt appearance.

Healthy pigs, %** 81.7 93.3 90.0 96.7 93.3

*Adapted from: Urriola, P. E., ). A. Mielke, Q. M3o, Y. T. Hung, J. F. Kurtz, L. J. Johnston, G. C. Shurson, C. Chen, and M. SaguiSalces. 2018.
Evaluation of 3 partially de-oiled microalgae product in nursery pig diets. Transiationa! Animal Sci. 2:1168-183.
**pigs surviving to day 42 and did not receive individua' antibiotic treatments.

Interestingly, the incidence of individual treatments and mortality in pigs fed MAE
less than those fed the control diets that contained no MAE.

These data provide some suggestion that MAE may be useful to improve healt
health-challenged pigs.

Algae in animal feed and its environmental impact.
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Growth performance of pigs improved

Effect of dietary microalgae extract (MAE) concentration on nursery pig with the addition of MAE to diets

performance and health*

MAE concentration

Body weights of pigs fed the 1%, 5%, and

H 0, 0, ) 0, {v)
T_ra‘; = —— 0% 1% 2% 0% 20s 10% MAE diets were 2.6 to 3.3 pounds
Pig body weight, lbs greater than pigs fed the control diet at the
Day 7 154 16.0 8 15.9

end of the nursery period.
Day 42 57.9 60.8 (60.5) 58.5 f yP

ADG, lbs Most of this increased body weight was
Day 1-7 0.20 0.27 0.25 0.26 0.21 realized during the first 7 days of the
Day 1-42 1.09 147 1.14 1.17 1.10 experiment.
ADFI, Ibs ' o
Day 1-7 026 0.32 0.30 0.31 0.27 The increased body weight with low to
Day 1-42 161 1.69 1.66 1.67 1.58 moderate concentrations of dietary MAE (1
Healthy pigs, %** 81.7 93.3 90.0 96.7 93.3 to 10%) was due to improved daily weight
*adapted from: Urriola, P. E., J. A. Mielke, Q. Mao, Y. T. Hung, 1. F. Kurtz, L. 1. Johnston, G. C. Shurson, C. Chen, and M. Saqui-Salces. 2015. gain and increased daily feed intake, which

Evaluation of 2 partially de-oiled microalzae product in nursery pig dists. Transiationa! Animal Sci. 2:168-183.
**pizs surviving to day 42 3nd did not receive individua’ antibiotic treatments.

also occurred early in the nursery period.

) o ] . An interesting finding was that pigs fed the
* Another important observation in this study was that the flowability of the highest level of MAE (20%) performed

meal diets fed in this experiment progressively declined as MAE similar to pigs fed no MAE.
concentration increased.
This suggests that moderate dietary
* The poor handling characteristics of the 20% MAE diet created challengesto  concentrations of MAE (1 to 10%) may

ensure that feed flowed through feeders and was readily accessible to pigs. er,'hance,p"g growth performance, l_’“t
higher dietary levels (up to 20%) will support
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Conclusions

* The extracted microalgae product evaluated in this experiment had adequate energy and digestible nutrient
content to support acceptable growth performance and health of nursery pigs.

* In fact, feeding MAE may b icial in reduci ortality in health-challenged pigs.

s a feed ingredient that can be used to reduce the carbon

ore, microalgaeﬂave-
' nability of modern pork production systems.

nd improve the env

o

microalgae that respond to growing conditions in multiple ways
n and potential use as feed ingredients.

eeded to further evaluate the potential use of microalgae species and
iets.

sult, additional s
lgae co-products i
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Muestras:

Ejemplares de dorada (Sparus
aurata) de acuicultura cultivadas en
el Instituto  Oceanogréfico de
Mazarrén (Murcia).

Dividimos en tres
diferente tratamiento

grupos con

Pienso base

Grupo control

+ 2% alginato + 5% alginato

NUTRITIONAL AND SENSORY QUALITY OF YOUR MEAT
* The addition of alginate to the gilthead sea bream (Sparus aurata) of
aquaculture in doses of 2% or 5% does NOT imply a significant
modification.
* Exception a slight increase in fat concentration in specimens with 5%
alginate, which does not translate into differences in the fatty acid
profile.

PREBIOTIC EFFECT

e The alginate added in the study doses It is not enough to modify the
gilthead gilt microbiota (Sparus aurata) on its own so that it can be
considered to produce a prebiotic effect.

e Despite its use with a prebiotic such as bacteria of the genus
Lactobacillus, it can be an alternative of great interest in this species.

Food Chemistry 135 (2012) 699-705

Contents lists available at SciVerse ScienceDirect .

F
CHEMISTRY

Food Chemistry

FEI. SEVIER

journal homepage: www.elsevier.com/locate/foodchem

Sodium alginate as feed additive in cultured sea bream (Sparus aurata): Does
it modify the quality of the flesh?

P. Peso-Echarri **, C. Frontela-Saseta® M. Santaella-Pascual ®, A. Garcia-Alcazar®, 1. Abdel ®,

G. Ros-Berruezo ?, C. Martinez-Gracia®

* Department of Food Science and Nutrition, Faculty of Veterinary, University of Murdia, 30100 Murcia, Spain
®Instituto Espariol de Oceanografia, Planta de Cultivos Marinos, Carretera de la Azohia s/n, Puerto de Mazarrén, 30860 Murcia, Spain

ARTICLE INFO AB'S TR A“CT

Article history: The objective of this study was to evaluate the effect of sodium alginate obtained from brown seaweed as
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Conclusions

1.Algae are a valuable ingredient for animal feed
2.Algae production not competing with agriculture
3.Possible to valorise side streams in local
biorefineries with algae production (as stepping
stone in circular economy and biobased)
4.Challenges to address, innovate and improve in
cooperation with companies and research
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