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UPCYCLING CO-STREAMS FROM THE VEGETABLE
AND POULTRY SUPPLY CHAIN -
POSSIBILITIES FOR NEW INGREDIENTS AND FOOD
PRODUCTS




- . 1 >
< A .7 '8
= X R TR R
N <Nl T —— o |
. S - 2N S Es
& (T
S I p - =
S d E N R
4 ‘“ ST (o ) 7 1
\ I » "
.

Equipment for hydrolysis obfi'misat.i'on
FromO0.2L uptill5L

Equipment for process optimisation and up-scaling
Container plant: 500-100kg/h
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€32 Forskningsradet
CYGCLE 2013-2016

Total utilization of raw materials in the supply chain for food with a bio-economical perspective

WP1 WP2 — WP3
wea - Quality Bio-processing Processing of
Food safety and logistics differentiation of loss  waste
b

WPS5: Socio-economy: Market and consumer
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\ WP6: Dissemination and demonstration /

. We7:Management 4




Prevention of obesity related
disorders in pets by bioactive
compounds from chicken by-
products

Bio-economic utilization of laying hens
for food and feed (HONE — helhetlig
biogkonomisk utnyttelse av verpehgne)

From loss to value added products —
ensiling of rejected / defected potatoes
and carrots

SOILFILM - development of biodegradable
mulch film formulations from co-streams

of food industry, to protect crops against
the growth of weeds
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CYCLE Upcycling food grade co-streams 1/‘—. e

I Prevention | /

Preparing for re-use /
Recycling /

Using co-streams as food components or
ingredients is an efficient way of upcycling

material.
The waste management hierarchy of the EU (EC, 2008)
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The Enzymatic Hydrolysis:
Value-adding by biorefining

New factory is planned for Production of high quality New ingredients to high-value
enzymatic hydrolysis of chicken hydolysate, oil and markets
bones sediments by use of new
technology
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Work in Cycle based on Norilia raw materials:

Quality - differentiation in raw-material by use of sensor-systems
Lab-scale tests of enzymatic hydrolysis by use of different enzymes
Characterization of hydrolysate

Analyses of chicken-oll




Laying hens cannot be destroyed!

ABOUT NORS MRONCTS S FUBICATIONS

Complete and Bio-economical
Exploitation of Laying Hens

& AP NP TRV LQEY

‘ oo NOWE: The shanghier of Norwagian Leying Sems is ot sconsmvieslly wisbie, snd
the majority of spent hoss ae incinerated. This is & waste of vaksstie
IIowrcm. I the grohect we sl 1o dewelop inaovative stilastion of spest

e, g wxing bydeolyun b prodoce oin snd proteine.

I Norge gasses nd mange flokker med CO, i huset, etter andt verpeperioda. Foto: KFI

Av Anne-Kristin Loes, NiGIO
Kyting or bt en steek konkur-

kjoros 1l forbrenning | Mamee. HONE.-prosiekict,
Ww&w.um&mpﬂml
dormo arth droftor W forskg

Norge og L pb dette omrd

Egaproduksjon i Norge

1 Norge har vi ca. 2 millonar hanaplasser | konven-
sonele tinglande systemar, 1,3 mioner | konven-
sonelo bursystom, og 127.200 plasser | okologske
systomer Aemaka 2014). HONeNo Stiee OpOVer
ping ved ca. 10 ukers alder og stir | full produksion
1 58 uker. Ener & ha verpet omeent 340-350 eQQ er
det takk og farvel, og bonden gror huset kiart for
nytt oot Hver nordmann spoar ca. 200 a0,
12,6 kg hvert & og legger altsd beslag pd omeent
on halv hane. Norsk eQgoroduksion & innnetiet
mot & dekice mnantands eggfortruk, og dst or for
TVE2 0N ViSS OVerkapasiet | Dransien 30m Qor det
nodvendig & aviive en dei honer for de or ferdige
med egglegaingsponodon. Dot skjor granom «ii.
wilig foridssinkting«, der bonden 44 batalt ca. 8 kr
par KO 000 S0M erstanning for anstn 1ap1 peoduk-
zon. Dese pengens tas fra omsetnngsavgdton pd
1 kr par kg 60Q, 30m alle SQERFCCISNte MJ Ditale.

Gjonnom handelsavtaler har Norge Spnet for im
port fra EU av 1.205 1onn egg («skaliegg) &g
maed redusen 10l og 260 1nn ulen 1ol Oomu
gior omiag 25 havoennomm

mmmeoas-nom-‘mtmmua |:>) |

Fi til slakt

Hvert &r or cot alts3 runc regnet 3,5 millonee verpe-
honae som avivea | Nompe. Anvendelieamubghaie-
ne plvirker wvalg av avinmingsmetode. Modame
SQ0iegpngaraner av hens har en Ketttyide, hoye
siakiokostnader por kg siskt, og med stadg bvero
prioar pd siskaokyng 00 SReeT konkumansd om
plaszen | frysediskens har saget av slakiode utran-
Q9% hons over td D kraftig recusen. Emee hvert
har det ogsd bt swiert varskelg for potensiclle
sunder 4 frne slaktet hons | Matbutikkens

Omiag 5 % av hanene har b dlakaet og 20igt o
konsum. Deotto or fortnnnswvis hel hano uten fixe,
hods, ban og nnvoller, pakiet | poae 0g datribue
frossen. Daerutdmekpkunmmwk,m-

hons o ogsd mar toksevenda, og slaktehastgheten
md vaors avors enn pd sisktokyfing. Derfor or det for
g% meste mnds, privats forfsolkianer 50m Yier-
oykying | Noed- Trondsiag og Girdsand | Vesthold som
har muigher 4 12 imot VranQene verpehons W sioke.

Girdsand AS siakiat okologake varpahons ol Foe-
svarot | ot proveprosiokt | samarbod med Toten
ogpoakier, Nofma ofg Norgeagruppen | 2013, Ho-
neneG bio lovert fardg kokt | poser, men dst bie for
ADHASrovends i norke matamme kantinge § dele
Kotret fra beina. Toten eggpaiiceri har fortsatt st
anQen pd Kokt honsekjott pakket S0M SOUS-VOa,
0 laverer til storkjokien og arrangemsnt (Mat og
dridos 2014; Toten Egg 2014)

Bra dyrevelterd, men dirkg ressursbruk

A kitto sog med honer som skl aniives er biitt en
botydolg kostnad for bonden, med utgfier pd 5.6
Kr per dyr som dastrusess, Lavendevekta or om g
1,6 kg Prior 2015). Ved leveranse 1l slakt md bon-
den vanbgs dokie transportkostnader, og fir n-
gan bataing for dyra. Vied avivning stir vaiget mel-

abvekaltur [Fote- Asne Lise Stranden, forskaing nol

Skal redde hgns fra a ende som
betong

Over tre miltioner avdankede verpehons blir gasset op kastet hvert br, eller de ender com bindemiddel |
betong. Men kansk;e kan de brukes pd flere omrbder, som for pel som pr ?

s A - nEno
"-,"ln'.'

- Verpehogns kan bli til mat, kosttilskudd og gjgdsel

NATIONEN

=] Nationen 20.aug 795 ord

NATIONEN Forfatter: Hanad Ali
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Technological solutions used for screening

Temperature Time pH
Thermal >90°C 15 min 5.3-5.8
50°C + 60 min +
>90°C 10 min >.3-5.8

40°C +
>90°C

24 hours +
10 min
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Enzymatic hydrolysis of hens and @ SINTEF
co-products from deboned chicken meat

* Aim: Use enzymatic hydrolysis as technology for valorisation of chicken rest raw materials. Study the effect of enzyme
type and hydrolysis time on the composition, properties and quality of produced products

* Experimental: Enzymatic hydrolysis: Mixture of minced raw material and water (1:1), heated to 50 °C, addition of 0.1 %
enzyme (of raw material), up to 120 min hydrolysis, Inactivation, Separation. Enzymes tested: Endogenous, Protamex,
Corolase PP, Papain and Bromelain

* Results and Conclusions:
* Protamex , Papain and Bromelain —» highest hydrolysate yield
* Hydrolysis time > 60 min gave no significant increase in hydrolysate yield

* The protein hydrolysates had good sensory properties, desirable amino acid composition and good nutritional value

= Possible product application:

= Hydrolysates: ingredient in food products as meat cakes, sausages,
or as protein supplement

= Qil: ingredient in food products, lipid source for pet-food and feed,

= Sediments: pet-food, feed Raw material
* 17 % lipids
* 16 % proteins
+ 5% ash
* 63 % moisture 50 °C, 120 min

Raw material and water(1:1)
0.1 % enzyme (dry weight
enzyme/wet weight raw material)



Antioxidative properties @ SINTEF
of chicken protein hydrolysates

Aim: Study if chicken protein hydrolysates can be used to inhibit lipid - _ m _
oxidation _. e ok e
Materials tested: Chicken protein hydrolysates produced by different = .ﬁ.og o
enzymes Lo - y

T LooH

Experimental: Use of Oxygraph (measure of oxygen uptake) in order to
study the effect of chicken protein hydrolysates in inhibiting iron and Hb-
mediated lipid oxidation in cod roe liposome model system

Results and Conclusions: v
100

* 42 -67 % inhibition of Hb-mediated lipid oxidation 50
* No ssignificant difference in inhibition effect between hydrolysates produced by 'E 80

use of only endogenous enzymes, a mixture of Papain and Bromelain (P/Br) or g ™ . . } !
Protamex g
g _ 50

* Lower inhibition effect in hydrolysates produced by Corolase PP ; < I
.,.s; 30
,§ 20
Chicken protein hydrolysates have antioxidative properties and £
0 SINTEF

can be used to reduce oxidation in food products b/Breo  P/Br60* or 60 op €0 £ 6o



Bioactive peptides
influence lipid metabolism and inflammation parameters in vivo

b-oxidation of palmitoyl-CoA IL-1b MCP-1
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* QX
*Chicken hydrolysates stimulate mitochondrial fatty «Chicken hydrolysates reduced inflammations parameters,
acid oxidation leading to increased fat metabolism which are connected to overweight

(measured in vivo)

*Especially effective were hydrolysate produced
with Alcalase and Coralase PP - vs control
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Chicken hydrolystaes in food products

e All hydrolysates had very low bitterness

LAESR AL ]
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0,027% Caffeine
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Relative bitterness

o]

o =

12 @) SINTEF




. SINTEF

Chicken oil — quality and stability ...

Aim: Study the quality and stability of chicken oil — use as an ingredient in feed g

and food 2 '

Materials tested: Oil produced from co-products from deboned chicken meat by - | .
thermal treatment and enzymatic hydrolysis e ovs  hydros  testment

Experimental: Thermal treatment: Mincing of raw material, cooked at > 90°C for

Peroxide value (PV)

4,0

60 min
hvdrolvsis

Thermal
treatment

15 min, separation. Enzymatic hydrolysis: Mixture of minced raw material and ”

water (1:1), 50 °C, 0.1 % Papain and Bromelain, 1 hour hydrolysis, Inactivation, % =] I :

Separation : " I I I
*” Salmon (ind) Chicken (ind) h\?c(i)r::\i.'r;is

Results and Conclusions: o0 Anisidine value (AY)

* The produced chicken oil have a low oxidation status (low PV and AV) and high stability 5.0 :

4,0

compared to industrial used oils

AV

3,0

Thermal treatment resulted in an oil with lower oxidation status compared to enzymatic

hydrolysis ro . ' . -

Low FFA values indicates a high quality raw material

Salmon (ind)  Chicken (ind) 30 min
hydrolysis

Co-products from deboning of chicken meat are good lipid source for feed and food

60 min
hydrolysis

Thermal
treatment

@) SINTEF



CYGCLE Films from potato peels

* Aim: to evaluate film forming properties of potato peel mass

» Experimental: Industrially peeled potato peels - wet-milling/enzymatic hydrolysis of
starch - possible fractionation - high-pressure homogenization (HPH) +/- heat
treatment - glycerol addition = film casting - analyses

* Results:
* Potato peel materials had good film-forming properties.

* Potato-based edible films had excellent oxygen barrier properties at low relative humidity and
were totally impermeable to grease. Water vapour barrier properties were similar to starch
films.

* Film-forming ability retained also after enzymatic starch removal = resulted in films with
better mechanical properties compared to the other films

* Possible product applications:
* Edible film -> hygienic quality of peels a challenge

» Effective mineral oil barrier coating in recycled cardboard packaging, e.g. in disposable plates
("potato chips packed in potato peel”)

e Mulch film protecting plants from weeds etc.

Mineral oil migration
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Applied Polymer

SCIENCE

Potato peeling costreams as raw materials for biopolymer
film preparation

Katariing Rommi, Jenni Rahikainen, Jar Yartiainen, Ulla Holopainen, Panu Lahtinen,
Kaisuy Honkapaa, Raija Lantto

WTT Technical Ressarch Cartre of Finland Lid, .0 Bax 1000, FRO2044 WTT, Espon, Firdand
Camresnondanca tie K Rammi |F sl katading roriggart




CY CLE sSmoothies from vegetable co-streams Bic%rsk ﬂ/‘m

* Aim: to utilize industrial vegetable co-streams as innovative food B
products 5 -
.. . z ! n- B = ‘ f\
e Case application: smoothie W= & | H‘ -
PR 11111 il xﬁ‘; = = W é =
[ ) Materlals tested: Carrot’ Iettuce’ Swedlsh tu rnlp’ red beets and Splnach Camrot | Cammot2 Cuamrot 3 Lettuce | Lettuce? Lettuce 3 Lettuce 4  Red beet Green frut C;,;’,.,:e

WDibkevevmuch =Dislixe @ Nather likenor dislike ®Like ®Likeveymudh

* Results: mixtures developed varied in sensory properties and how they
were liked by the consumers. Some of the mixture were very promising.

* Conclusions:

* Industrial co-streams currently forwarded to feed use could be utilised
more directly as components in food products

* The results from the studies has stimulated industry to investigate raw
material utilization and product development of fermented products.

NIBIO

NORSK INSTITUTT FOR
20/11/2016 BIO@KOMNOMI




CYGCLE

Vegetable co-streams as production media and

carriers of probiotic bacteria

Q Aim: to explore feasibility of edible vegetable and fruit co-streams as

production media and carriers of probiotic bacteria.

Experimental: Enrichment of probiotic bacteria in co-streams

* Real industrial vegetable co-streams: 2"d grade carrots and Swedish turnip, cabbage
outer leaves, apple press cake and 3" grade tomatoes and cucumbers

e Two probiotic strains: Lactobacillus rhamnosus VTT E-97800 and Bifidobacterium
animalis ssp. lactis VTT E-12010 (Bp-12)

* Most co-streams suitable for enrichment of L. rhamnosus, B. animalis more demanding
* High cell numbers reached after 12-16 h fermentation

* Food application case study: 10-20 % probiotic ferments added into commercial
smoothie base

- Sensory profiling indicated that 10-20% addition level is feasible, depending on the co-
stream and the product base

—> At 10% addition level, the consumption of 10-100g of the product would deliver a
recommended daily dose of ca. 10° CFU.

Conclusion: Vegetable co-streams are promising production and
carrier media for probiotic lactobacilli and bifidobacteria.

Freshness af
ocdaur
Intensity of acatic

Intensity of taste
Sy acic cdour

Aoftness of tasta . o Thickress

Smonthness of

Swaarness
texLre

InLansily of acatic Intens iy of
acid taste 1 strawherry taste
Acicdicily of Lasle
—Referance 0 - 10% carrot unfarmented
F0% carrot unfermantedd 1% carrot fermanted

— 0% carrot fermented

P
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Contents lists available at Sciencalirec

Small Ruminant Research

& ZL .

journal homepage: www. elsavier.com/locate/smallrumres

The influence of ensiling potato hash waste with (!‘)(mm(
enzyme/bacterial inoculant mixtures on the fermentation
* characteristics, aerobic stability and nutrient digestion of the

- } - resultant silages by rams
bacterial culturesttlirn potatoees an carrots integ B.D. Nkosi®, R Meeske?. T. Langar.
g healthy.feed ; . it

— | Sk
| i - % e bersity of ¢ ve State. PO B
‘w N‘, . tment of Anlr
[ b 5

M. l) Motiang?, T.F. Mutavhatsindi®,




Pre test E— Main test with probiotic
bacterial cultures

Start 19" July:

* Ensiling may improve feed value and extend
shelf life

* Probiotic bacteria can have beneficial effects on
gut health in e.g. pigs and calves

* Potatoes and carrots together other raw
materials including cereal products, hay and fish
hydrolysate

* Studies of pH, runoff, bacteria survival,
palatability and oxidative stability

@) SINTEF




CY LE Challenges in developing new uses for vegetable co- iy .
streams - some thoughts Ty

Currently used mainlyas feed -> good use from the sustainability view point (no material is wasted, stays in
the food chain), but of no or low economic value to vegetable industry

Low protein content in most of the co-streams -> less ambition / need to take it into direct food use

29 class vegetables and many other co-streams are food grade raw materials, but:

* more sophisticated identification, quality differentiation and sorting procedures needed to direct the co-streams
efficiently to food uses

* |ogistic challenge to use them as raw material in other food factories (as raw materials for ready-to-eat products,
alcohol, potato flour, etc.)

* microbiological safety needs to be ensured

Interest to extract/enrich valuable components like flavonoids, carotenoids, sugars, starch, protein, fiber,
from vegetables?

* Lot of research already done and technologies developed

* Investments in production facilities needed

* To make investments feasible, large amounts of co-streams is needed
* Norwegian vegetable industry is located in relatively small units around the country, which makes the profitability of co-stream
valorization uncertain
@) SINTEF
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Message to take home

* Food quality co-streams can and should be utilized for food or high-quality feed
products

 Industrial concepts applied on new raw materials (food co-streams) may reveal
completely new products and applications

* We need and can reduce food loss and stop producing waste!

@) SINTEF
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@ SINTEF

Teknologi for et bedre samfunn



