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* Food security and need for sustainable feeds
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* Opportunities and challenges in the Aquaculture industry
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e Development of salmon feed
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e Nutritional value and health beneficial effects of bacterial meal
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* Biotechnology processing of novel feed resources from trees and seaweed
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 Nutritional value and health beneficial effects of yeast
BRI E AN EFRETIRL

e Future perspective
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Food security and self-sufficiency

RELZEURERYS

challenges: P (812050, woem. mm. ki

]k A v EEEIEM :

« 2050 ~9 billion people Energy REiR
220504 , 901ZA 2

 Climatic changes

/7

SxZEAL I
« Disruption of feed supply chains b (RED R oy  WaISTER
A 70 % 55 %
(M R R i

e Overreliance on imported feed resoruces

A Talr

(FAO 2009; OECD 2012)



Constraints Iin the growth of the aquaculture industry
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Limited access to
marine BIREFRR
ingredients

Large V’ ‘
dependence on AEWKEHOE
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Development of salmon feed composition (%) v
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Source: Ytrestgyl et al., 2015



Looking ahead...,

Opportunities:

s -
Blue and green biomass
EEMgENEYIRER
Infrastructure & technology

F =R H&T AR

Unique interdisciplinary
research team
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- Microbial feed resources &AHERISE

k. e

e 500 kg soybeans produce ca. 5-10 kg protein per day.

500kg KEMFE~HIERRZI5-10kg/X.
e 500 kg yeast cells produce ca. 50 tonnes protein per day.

500kgEz M A LAEFRYERFRRZYS0E/K,



http://en.wikipedia.org/wiki/File:Methylococcus_capsulatus.png

Production of protein from natural gas e
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Methylococcus capsulatus SEEFHEEKE


http://en.wikipedia.org/wiki/File:Methylococcus_capsulatus.png

Bacterial meal Ef5

Methylococcus capsulatus SEfEFHEBkE
o "

e —

d Methanotroph bacteria
( FltmdE )

Crude protein ( #HEH ) 70%

: : Fat ( B8RG ) 10%
2 ngi_};rEOgg;)ntent Carbohydrates ( #2835 ) 12%
( =T)= = mi) Ash (7%53\) 7%
Other traits EEMHIR Production efficiency 4 FFE:
- favorable AA composition RIFHSEEZER - 1°7_E<g methi{le gas per kg BM biomass
- 109% nucleic acids #ZEEEE10% g AFEmREL 7kg RSN — 5,
- Bioactive components, e.g. E£¥EMR D |, a0 - 2£ m? methane per kg crude protem
Coenzyme QS8 #HEQS EEI\_'_ /'E_:/L-\\F_r *H§E%%20m3$*%{=

Methanobactin BRI L E =
Mop E

Source: @verland et al., 2010, Review in Archives of Anim. Nutr
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The content of essential AA (g/16 g N) in bacterial meal

In comparison to fishmeal
B R0 BEEER(9/169 BRI

|| 1 “ iy

Arg S EER His A& & Iso #ma@a u =& Lys #&EL Met EEEE Phe XAZE Tre A& Trp B &R

\l

(o2}

(61

N

w

N

'_\

o

m Bacterial meal Ef} ®Fishmeal &%

Val sl

Source: @verland et al. 2010 Review in Archives Anim Nutr.



s 4§ Bacterial meal in piglet diets E#7E 1%%*455’]5&%
a —Effect on growth performance ——4 KM RERR
! ‘ Week 0-2 & Week 0-4 [E

450 ADG HiZE Linear P < 0.05 500 i
700
:22 600
>, 300 500
_Cg 250 g 400
200 = 300
iig 200
50 100
0 0

0%
m Daily gainHigE

mFeed intake X B =

Bacterial meal level (%0)
EiRIIE (%)

0%

m Daily gainHigE

4% 8% 12%
mFeed intake R B =

Bacterial meal level (%)
EfmaINE (%)

Source: @verland et al. 2010 Review in Archives Anim Nutr.



Bacterial meal in diets for broilers (day 0-36) r@”

partial replacement of soybean meal
EMTERRSHE (0-36K ) HRHIRER

r i

B ERS BEH o
HEs
Weight gain, kg Feed conversion efficiency, gain:feed
k18, kg TRRAEILE, W
2.4 0.7 * * *
2.2 0.6
2 0.5
1.8 0.4
1.6 0.3
1.4 0.2
1.2 0.1
1 0
0 4 8 12 0 4 8 12
Bacterial meal levels B2 iRIIE (%) Bacterial meal levels E# 7R II= (%)

Source: @verland et al. 2010, Br. J. Poultry Sci



Growth rate and feed efficiency of salmon fed

Increasing levels of bacterial meal

e

=

RIXJE

1.7
1.6
1.5
1.4
1.3
1.2
1.1

B < SRR R S RO B

Specific growth rate, %/day
FFEEKER %/X

*
*
ﬁ
0 6 18 27 36

Bacterial meal levels Fi5 iA1= (%)

Feed conversion efficiency, gain:feed
TRRIEE LR IR ERRIEE

1.7
1.6 *
1.5 *
1.4
1.3
1.2
1.1

1

0 6 18 27 36

Bacterial meal levelsE 1774 [1= (%)

Source: Aas et al. 2006, Aquaculture; @verland et al., 2010, Review, Archives Animal Nutr.




&wIEK Xanthine
(L}

R ® Uric acid
@

FREZ Allantoin
&

FREERR Alla n.r:::ate
a FRE
_ @ I\*Uma
IREZEEER Uraidom=

glycollate

: FRZX
“ Llrjfaa

ZEERR Glyoxylate

‘-II

Source: Andersen et al., 2006; Hellwing et al., 2007; @verland et al., 2010, Archives Anim Nultr.

Purine metabolism .

IR HIF PRI

Uricase oxidase
FRESSE AL BB

* No problem in salmon
N ES==NZ S A

* No problem in-pigs
Xﬂ%aﬁg’ F]

* Some problem in birds
X REE—EFM

o Gout in primates

IR BIIERXXEE

- 2.0

ab—T—

-
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-
=

Uricase activity
{(Hmol min~ g~ protein)
]
(dosdsH/eseann)
WNHW asealn

T
e
&

10 4

L 18% 36%

Dietary treatment

Atlantic salmon: K9 F&Ef&
 Liver uricase oxidase activity increased
AR PRE S BE R G N

 Liver expression of uricase oxidase was
up-regulated

FTBE P ERER AU R 1T BV




Effect of bacterial meal on fish health il
BRI A E RN T

Bacterial meal strengthens the gut barrier function and prevents inflammation in the gut
ENIEE T ImERIRIIEE , FBLLEMmENARIRIE

High levels of soybean meal in diets for Atlantic salmon leads to a
inflammation (enteritis) in the distal intestine

RPGFESER S , XKENFEREHESEEImERBIRIE

Pyloric caeca Mid intestine Distal intestine

AR=E iz MNpIER

Source: Romarheim et al. 2011, J Nutr; Romarheim et al. 2013 Br. J Nutr; Romarheim et al., 2013, Aquaculture




Bacterial meal prevents inflammation in the gut E#BILATREGRZR —u

: : : Y . ['m 4
Results from immunohistochemistry ®i&HALF R EELER N
PCNA Carbonic acid 12 CD8a* T lymphocytes

Inflammed intestine
SBM diet

SHHER

Healthy intestine
SBM & BM diet

fEERAYAIE

SHHAEMm FR

IEEAREZIR

CD8a- THEMH

=

Source: Romarheim et al. 2011; J Nutrition



BM prevents inflammation in the distal intestine E#H¥Bh/\MABIRKAE {6 )
Results from transcriptomics EFEERE: N M

Microarray chip {11515
Hybridisation ;E &£ A

Gene expression profiling by 21K microarray of genes related to

gut barrier function and health
H21KERIEF I HE N ERRIAE T AR T B e R EIhserIima R

Down >32 5.7-32 2.6-5.6 1.7-2,5 1.3-1.6 1.3-1.6 1.7-2,5 2.6-5.6 5.7-32 >32 Up

Fish meal &1 Bacterial meal [F77  BM & Soy E#)& =41 Soybean meal =i

E3 ubiquitin-protein ligase LINCR

TNF decoy receptor

Arginase-2, mitochondrial precursor
Annexin Al

non-specific cytotoxic cell receptor protein-1
Transcription factor AP-1

Cysteine dioxygenase type 1 127
Fatty acid-binding protein, intestinal
Apolipoprotein A-IV precursor

epidermal retinal dehydrogenase 2

H-2 class | histocompatibility antigen, LDa chain 0,96

Source: Skugur et al., 2018, Reveco-Urzua et al., 2018, manuscripts in prep



Bacterial meal from natural gas e
FMAARASEEN N

Nutritional aspect EFF{f{E
— High quality protein source SRREERR
— No health risk ;2 EEEXG
Pigs ¥&
— High growth rate and feed efficiency
o ARSI R AR
L | REVIEW — Positive effect on product quality
Evaluation of methane-utilising bacteria products as feed ingredients for i EE ’ﬁ: |:Iﬁl:| ﬁ;
i ouogroiric simels Broiler chickens Bgi5
Margareth Overland"™, Anne-Helene Tauson"*, Karl Shearer” and Anders Skrede* — High growth rate and feed efficiency

s Archives of Animal Nutrition @ Taylor & Francs
Vol 64, No. 3, June 2000, 171-189 (PRSP S —

Yo ] A R T 0 B S T B S B AR SRS
R ARV EFRIEM{E AR B aEst o BT S _ Ppositive effect on product quality
. BE~RRE

Salmonids &
— High growth rate and feed efficiency
R ERFIFES
— Positive effect on product quality
R R
2009: EU approval (Regulation (EC) No 767/2009)
2009: EREBIAME (No 767/2009)




Biomass from the ocean




”%‘\ itizley /5’?7@72’\?_1_ 1E .

-5
. *.-==

: =i W
3 e 1 s i e V. TP
- 41




# _u‘..i. *......i...f.uﬁ

’t‘_:ﬂ s £

= N \

%i

S - ..i.n.i.r.u.l-lllilrhi

-...“ ,.E I

.liil-.ﬁ.u- FiL o

..-..,... ; X lﬁu

-,

L]
I

o S
N
=
y
-

o '
.

BIAIER ””‘5

L
-

9 oy

Wi

S

fa

=

KEVEHD,

o

b
ey
i1 o
; : L I‘e
b AN )
) o :.: " B
i

- T w
- ?
*.
Sk

g 1
LA

e .
T - ......l..q.m...l.m..ﬂ....”_.“..._.-..l‘..ﬁ.w.. ....."...ﬂ.u

|\
[ - 4
e

]

2

=]
AE:

B EUATRRAA

)

Q

| -

B

@)

(0]

@

| -

©

O

)

7,

[eb)

@)

| -

— ®©
-] i

- Q k,, WEEw = _.__. 2 .

(p] (@)

D

dd

(0p)

D

| -

®)

G

-

f

@)

)

S

®)

Z

rees as a feed res


演示者
演示文稿备注







Flow chart of yeast production from lignocellulosic biomass

N 4EERS

=)

R

Sgaizas

) Lignicellulosic biomass

 RERAHEREYR

\

YIS

=

—
—

Lignin
KREE

(

Pre-treatment
Cellulose and
hemicellulose

TRALIE S

\

-

Centrifugation &
filtration

O8I IE

Enzymatic hydrolysis

C5 & C6 sugars
INBS7KAR /S
RRIER \ThE
. .
iy Fermentation
g

Yeast for feed

(AR

Nutrients
= a5

Source: @verland & Skrede 2016, J. Sci. of Foods and Agriculture
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New enzymes make the green resources available e}
— T RYBEHIF I E R R B SR LAA N—

Lytic Polysaccharide Monooxygenases

New discovery — to improve enzyme efficiency at NMBU R ZVER R SR
BRI —RERRIFZ AR SRR

nature : —~
chemical biology Py A

Homa | Currant issus | Comment | Research | Archive v | Authors & refersss * | About the journal

homie = current issue = article = abstract

ARTICLE PREVIEW [ = *
view full access options » !
- %’ SimpleStar o :
MATURE CHEMICAL BIOLOGY | ARTICLE 2 k, *.
Oxidative cleavage of polysaccharides by Editors" pick & PN <" 9 LRS! " :
monocopper enzymes depends on H,O, Statistics for Biologists ) A

A free nature.com resource
Bastien Bissarc, Asmund K Rehr, Gerdt Miller, Piotr Chylenski, Morten SkaugenyZarah —
—| ——

Forsberg, Svein J Horn, Gustavy Vaaje-Kolstad & Vincent G H Eijsink

Source: Vaaje-Kolstad, Westereng, Horn, Liu, Zhai, Serlie, Eijsink. Science, 2010
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Optimizing down stream processing of yeast Fs?
ACEEERY TR0 LN (REZiNIiN ) v
Methods J537%:

— Cell crushing ZHEARHEE
— Autolyses Bia
— Drying k&

Live bakers yeast

I_I

Re-suspended—> 20% DM

" \
Spray drying Cell disruption Autolysis

\

I \ I \ I \ 50 Protein, g/kg, in supernatant fraction after processing
HIFE
180°C 250°C 10,000rs| [l 20,000PSI 50°C , 8h [l 50°C . 16h 45 MLER L=
u ) \ -

o35
< {II

Y 1
s 30
\ Spray drying, 180°C Spray drying, 180°C } 2 25 Hﬂ{
a

y e
S 15 =
Q
10
Dry yeast @ :
0 I

Non-treated Cell disrup. Cell disrup. Autolysis 8 h Autolysis 16 h
10K PsI 20K PSI

RAHBA  MERRREE, EiEPS): BRSO BIE 160
IR E N

Source: @vrum-Hansen et al., 2018, ISNFN2018 Las Palmas



Optimizing down stream processing of yeast

LB NI IHEON (5

2N

(1N )

« Protein digestibility of yeast, EZEEBREHEY

A
Protein digestibility (%) on ingredient level 18-
100 EARELEY
90 % 12-
80 =
@
70 O 32 10-
60 2
50 ] .
40 o °
30
20 6
10
0
Spray  Spray Cell AutolysmAutc'lysm
control drying drying disrup. 16h Bia 16/)MAT
& 3 BB LE 180 250 10K PSI 20K F’SI 75 gU)spt

M T I

1801 K E
[FREa S e
2501R K

“HpmAgfE, [E5EPSI
IRy Ay

A& IgM+
IgM+ cells from head kidney

;31

wtigeg  dving

Control Spray  Cell  Autolysis
disrupt 16h
250 20K PSI B3R 16/)\f

BEFIR 1T TR
1801RIKE 25018 K

Source: @vrum-Hansen, 2018, ISNFN2018, Las Palmas



Yeast fermentation in small scale tef
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east fermentation in large-scale

atinery factory, Bor@grd,Norway
AT o -
-%BEJZBorrogaardE’*JéE%%%ﬁZZF
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Yeast from trees as a feed resource

Al _7I<1F'?2ﬁ°2€-§7,v1 FEETRIEER 1’I57] *4)?*4

Source: @verland & Skrede 2016, J. Sci. of Foods and Agriculture ot : ‘



Feeding experiments with salmon & {FMEsCIEs s/

A

Trmgheim

Photo: Fish laboratory at NMBU



Digestibility of protein in salmon fed 30% yeasts [«
EEE TREARIN30% BB ERBHAER

\

—

g 100
g
X 80
AL

m 70
Bl 60
>

= 50
= 40
0

& 30
©

P 20
2 10
o

o 0

Fish meal Candida utilis Klyveromyces Saccharomyces
=R ) FER R4 EE & marxianus cerevisiae

Ot BYEEE R B £

Z t

Source: @verland et al., 2013, Aquaculture, 402-403, 1-7
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AN

PR TR PR I30%

S

Weight 1I&E5, %/day

15

0.5

Fish meal Candida Klyveromyces Saccharomyces

8 PR EE R

ARERE B

15

0.5

Growth and feed efficiency in Atlantic salmon fed 30% yeast [,

R A KRR DR RO v

Vel

Feed conversion ratio [AFHAE(ER, kglkg

Fish meal Candida Klyveromyces Saccharomyces
=) B4R =& HEES AR EBE £

Source: @verland et al., 2013, Aquaculture, 402-403, 1-7
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Protein retention in salmon fed 30% yeast

=

BB Talr AN N3 0% B I RT &R

Protein retention EHZ R, %

AN

UJI'.I

60
50
40
30
20
10
0
Fish meal Candida utilis Kluyveromyces Saccharomyces
<k 7= AR 22 P B marxianus cerevisiae
& YEHE ) FRIP I B

Source: @verland et al.,

2013, Aquaculture, 402—-403 1-7



Bioactive components in yeast

e R HY YD R 1D

YEASTCELL WALL
SacchAromyres Cerevisike

mmmc;rmﬂ feins [.l

Bl 3and 516

Flueans

 Manno-proteins
Poiymers of

e HEEME-EH
* B-glucans

-

_ A Chitin

_:5_;.“;- Moe JUT TR

el .
=L La T, Nucleotides

o S
Antioxidants

iEIL&Y)

FProfeins

Yemst h

Phosphate
~ groups
— e, ' |I" _ Fatty acigdls

Clvrerol

Source: Nataly Talavera et al, 2013



Effect of yeast on distal intestinal histology rad
i B X AiE e i ,,\“'J:E’J,afﬂr] T

Normal intestine

IERRIZE

SBM-induced enteritis
SR R 2

U

Normal atrophy of mucosal folds

IER R GIRAE =SS

Normal odema score

EIRAELES

Normal supra nuclear vacules
HEIZ/IMALES

Reduced widening of the lamina propria

EHES) =iV

Source: Grammes et al., 2013, PlosOne, 8-12, 1-13
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Immunohistochemistry of distal intestine /NZFRIFHIREELAWE
effect of yeast on cell proliferation (PCNA) B4R iesEnassnm vy

a a ab be cd d
0 _ | | | | | |
o ——
—_— :*
Yeast ¢
D L
N | L] —
] S N
m -
% U3l - + = -.= _:":_
§ -1 —— | L
EEG i ‘. .
g | . 5 %
o | s = i
_. . . —-
O sl = :
N © I I [ | ] I
. FM CV cu KM SC SEM
FM Fish meal &% KM Kluyveromyces marxianus 7 &4 &
CVv Chorella vulgaris 7)\Bk;5E SC Saccharomyces cerevesia R E &

CU Candida utilis ~Ar 228  SBM Soybean meal B4

Source: Grammes et al., 2013, PlosOne, 8-12, 1-13



Microbial ingredients prevented inflammation in the distal intestine

B L AR IR RIS 15

Transcriptomal aspects: Functional interpretation 3ER3&1X : THEERET
Heat map — gene enrichment annotation, KEGG EESEEEE] , KEGG

SC SBM
————F—
I . . I
-

Pathway enrichment scores

Source: Grammes et al., 2013, PlosOne, 8-12, 1-13 39
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Yeast In diets for Atlantic salmon during seawater transfer
(AIREZ BRI KPS F i B SRR KR fRRIZRIL

Feed with yeast

SEESIE

Freshwater 37k Seawater &K
i

i iy Ty i iy W .y e

- s i iy, g Wy By -..
iy 'y
I."'.Fh'h'.'.'

-q.-.lnq.q-t't“"""

Control
X7 BE2H

Histology in distal intestine /\izRimZH4A

Source: Sahlmann et al., ISNFN, 2018 Las Palmas



Gene expression In distal intestine of salmon

HazKig

1.8
1.6
1.4

1.2

2"-AAC

AQP8ab
KBEER

during seawater transfer

JREPEER/ M RimHY:

GSTA4
B BLH KA 1588

m Control XfER4H

=X

IL1b
SIS

m Yeast (263

N

MUC?2
MIRER

Source: Sahimann et al., 2018, Manus in prep



Protein production in distal intestine of salmon

during seawater transfer
KRR , S8R NNIRiIREBREE

Yeast significantly decreased the protein expression of

TNFa, IL1b and IL8
R INE2EEA B F%{K T TNFo, IL1b F0 IL8= 5 GRE A E
R MR ERE BRI

Yeast Yeast *THB&%H Control Yeast
EFRH4H [E3R1E] [ 352
TNFa IL1b IL8

Source: Foods of Norway, Sahlmann et al., 2018, Manus in prep, Morales-Lange, Pontificia Universidad Catolica de Valparaiso;



Yeast In diets for piglets, ongoing 5 U
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% yeast in the
diets,
Replacing
conventional
protein
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Yeast from lignocellulosic biomass
R AR R4 e MR P HOBER

C
Review SCI
iwileyanlinelibrary.com) DO 10.1002/jsfa.8007 ° Nutr|t| Onal aspect Eﬁ‘ﬁ{ﬁ
Yeast derived from lignocellulosic biomass — High quality protein source
as a sustainable feed resource for use in =mEERIR
aquaculture — No health risk
Margareth @verland” and Anders Skrede 2B EEXE
. p|g|etsﬁ5g o Salmonids it
Preliminary results suggest positive effect on growth — High growth rate, feed intake and feed efficiency
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Cultivated seaweeds - a potential feed resource
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Advantages {02 :
e Large biomass production
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Don’t require any agricultural land, — SEAWEED
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i inders e
SEEEMAR A, BBRFDRX & gels i3
Can be cultivated in sea water FMEF& \_ Y,
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Binds and recycles nutrients
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= e s e T . st =

Chemicals
I =M

Food
additives

B i
7l




Processmg of seaweeds to feed
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Biomass from brown kelp
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Marine macroalgae as sources of protein
and bioactive compounds in feed
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Trees and seaweeds in an integrated U
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biorefinery process to produce feed v
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Biorefinery processing
EYIRERRIN L

-

Source: Foods of Norway: S. Sharma, S., et al., 2018, J. of Agricultura and Food Chemistry, in press



Conclusion &g

Advanced technology to develop novel feed resources from natural

Blue & green

biomass gas and non-food, biomass such as trees and seaweeds will be b i T
AR A AN iImportant to help 'meet the global food cﬁ:_i:allenggﬁ 3 LT TN
Rl = i FARMBARASHEHFREEYRUWN AT RS A 2R RS oH e

AR TR EERR ZRAYEAAEEEET N, ¥

Microbial feed resources have an advantage in that they can be
produced independently of arable land'and climate, and they relieve
HARTE pressure on food resources for direct human food -production.
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Technology

1

Continued research-and development in production of micrgbial
ingredients will make an important-contribution to securing/he

Novel feed

resources sustainability and economic viability of future feed market. Value creation
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