miranda.mirosa@otago.ac.nz p.s. I’'m NOT a futurist!
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A Utopian
Dinner: Food in

2050 (The
Bright Version)




There ARE food futurists who can help with
things like scenario planning
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RETHINKING REALITY




Back to reality: 2024

Our global food system is hugely impressive...

Global Food System Map
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Goals Framework

Innovation Is

an Effective
Route to
Change

https://www.institute.global/insights/tech-and-digitalisation/technology-feed-world#introduction-the-need-for-another-agricultural-revolution



Digital and biological cross-cutting technologies
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Digital and biological cross-cutting technologies




A range of innovations hold potential to revolutionise our system

A, Increase quality B. Improve methods C. Reduce waste
No one technology presents a
single perfect solution!
Precision New Foods Supply Chain The task is determining how to
make the most suitable
technologies work to achieve the
+ Robotics and « Plant-based food alternatives + Food sensing and

automation

greatest impact while minimising
risks.

rocessin
« Cultured and lab-grown food P &
» Farm-management + Food preservation

software and sensing and smart packagir‘lg

+ Renewable cold-

storage

Protection New Farms Marketplaces / mobile

services

. Geneediting « Controlled environment

. . agriculture and vertical farms . iol
« Microbiome g Digital marketplaces

technologies for crops

and soil Although this list is not exhaustive, it aims to
illustrate the transformative potential of
innovations in food and agriculture across the
supply chain.

+ Biological-based crop

protection




Building the best possible future
food system is likely to require
embracing some, if not all, of these
innovations

What are the key strengths of the innovation area?

What are the current limitations?

What opportunities could be created if this technology was scaled
up? What opportunities are there to advance this area of
innovation further and how could this have a greater impact?

What are the possible negative implications of scaling the
technology up further? What are the trade-offs?




A “DEEP,DIVE" INTO TWO INNOVATION
CATEGORIES:

- new foods (alternative proteins)

- food waste



INNOVATION CATEGORY: NEW FOODS
(ALTERNATIVE PROTEINS)
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What are Alternative Proteins?

Precision fermentation

Fermented Protein

Precision fermentation uses fermentation
and yeasts to replicate dairy foods.
Fermentation is not used to produce meat

alternatives.

Whey and rennet derived from precision
fermentation are already in commercial
production, and casein and milk fats can

also be produced.

Fermented proteins have long historical
origins, and have been made from nuts,
seeds, tubers, and coconuts. There are
traditional fermentation methods in te ao

Maori.

BEYOND MERT

SoRHDse woflllibe *e of the

Stin impfYeients We made.
- ~

Plant-Based Protein

Plant-based meat and milk alternatives are
made of protein extracted from plants,

legumes or grains.

This type of protein includes traditional
foods such as tofu, and new technology
that mimics meat by modifying protein,
perhaps adding soy leghemoglobin to offer

a ‘bloody flavour’.

https://ourlandandwater.shorthandstories.com/b
eyond-meat-and-milk/index.html

Cellular method

Cell-Cultured Protein

Cell-cultured (or lab-grown) protein is
created by extracting cells and replicating
them in a laboratory environment. The end
product is identical to the original product,
having been made from the same genetic

material.

This method enables the production of real
meat from any species. It is not considered

genetic modification.

Cell-cultured foods still await regulatory
approval. Just one product is for sale in

Singapore.




Beyond meat and milk

Three scenarios show us how the rise of “Countries that are
new proteins could radically change the " depenaenionlpEeis

. . . > AL food from countries such
future of farming in Aotearoa -

¢ | as Aotearoa, like China
' and the UK, will
increasingly be able to
produce more of their
own alternatives to
animal protein as
technology advances”

(Research lead Jon
Manhire, director of The
AgriBusiness Group)

Results from Protein Future Scenerios research, a collaborative project from the AgriBusiness o i
Group, Lincoln University, University of Canterbury, University of Otago and Ruralis (Norway) The 5

T ' 4 UNIVERSITY -
ll.(?‘y % OTAGO ' AgriBusiness E

roup.
g

LINCOLN




So visIT LINK

Perfect Day fermented milk

Scenario Two

Precision fermentation takes off and
demand for plant-based milks increases
(+22%), impacting traditional dairy

products.

Demand for plant proteins continues
(+10%) but technical issues stall the

development of cellular products.

Sustainability is one factor driving
consumer acceptance, in addition to

improved taste and texture, and price

parity.

Future Meat plant-based meatballs

Scenario Three

Plant-based products take off, while
some of the barriers facing precision
fermentation and cellular products are

removed.

There is increasing demand for plant
protein (+22%), precision-fermented dairy

(+10%), and cell-cultured protein (+10%).

Sustainability is a key factor driving

consumer acceptance.

Wildtype cultivated salmon

Scenario Four

All alternative proteins take off. There is
a significant increase in demand for plant
protein (+22%), precision-fermented dairy
(+22%), and cell-cultured protein (+22%).

All current barriers to the success of

alternative proteins have been removed or
are in the process of being overcome. Scale
of production increases, and price parity is

achieved. Taste and texture improve.

Sustainability is a significant factor.
Alternative proteins are viewed as solving

several ¢lobal concerns.



These scenarios were used to inform the below proposed land use changes displayed.

Proposed Land Use Changes

= 15% reduction in the
dairy area
«  35% reduction in the = Arable area doubles
dairy area across all tat land (25%
* HBase Case — Business as « Arable area increases 50% from dairy, 75% from
Lsua in Canterbury, Southland, sheep and beef) - mainly

Wairarapa and Horizons south island
= 15% reduction in sheep

and beef sector goes to
forestry

= 35% reduction in the
dairy area
* Arable area doubles
across all flat land {25%
from dairy, 75% from
sheep and beef] - mainly
south island
25% reduction in sheep
and beef sector goes to
forestry




Environmental
Impact

Greater global
demand for
alternative
proteins will
have
environmental
benefits for New
Zealand

Scenario1 Scenario 2

GREENHOUSE GAS
EMISSIONS

Tonnes CO2 Equivalent

@

NUTRIENT LOSS

Pt o= B
Ta L A E

a,
Q)
PHOSPHATE LOSS

Tonnes P Loss

Scenario3 Scexnaring



Economic Impact

Greater global
demand for plant
protein will also

Scenario 4
- 106,009

91,288 106,232 2
Million Dallars f Mllllon Dollars Million Dollars

Scenario 2 Scenario 3

Scenario 1

have economic ' :

ben E?f Its f or New Scenarie d scenaro 2 / Schsich S el
/eq / an d/ b utt h ese Fu;.;.ﬁ'iff?ejm ...f,”f?’.s /@\%{@\ T S
will be unevenly D Fa ... e h

distributed



Regional Analysis

These include
Impacts over time
on employment,
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‘Natural’ is a Core
Strength

The New Zealand pastoral
sectors’ points of difference
may increasingly be as an
exporter of high-quality
‘natural’ meat and milk
products, which will appeal to
a different market than their

highly processed alternatives.

We Must Reduce
Agricultural GHGs

The negative impacts of
increasing global demand for
new proteins on New
Zealand’s meat and milk
industry will be significantly
higher if we don’t mitigate our
agricultural greenhouse gas

emissions.

This is because a desire to live
more sustainably drives some
people to want to eat
alternative proteins, which
can be marketed as having a
lower greenhouse gas

footprint.

New Industries Will
Emerge

New Zealand has the
opportunity to become a
major producer of alternative
proteins. Significant
quantities of renewable
energy are needed, and New
Zealand’s supply of hydro and
increasingly wind power put

us in a good position.

Maori knowledge of
traditional fermentation
practices is currently

untapped.

Producing large quantities of
protein through precision
fermentation and cell-culture

processes will require a

massive supply of inputs such
as serum and yeasts, and this
emerging ‘feed industry’ could
also provide opportunities for

Aotearoa.

Prepare for Market
Shifts

New Zealand needs to prepare
for significant changes to our

key food export markets.

Countries previously
dependent on importing food
from Aotearoa, including
China and the UK, will be able
to produce more of their own
proteins as technology for
producing alternatives to

animal protein is adopted.

The dairy sector in New
Zealand is more threatened by
the development of new
proteins than our meat
producers. Fonterra’s response

of engaging with the sector is

sensible.

Policy Issues

A0 AVAAVA[ ]

Vivici B.V. incorporated to bring
animal-free dairy proteins to
market

Timeline

Click the arrow on the right to navigate the timeline

EVOLUTION OF FONTERRA'S STRATEGY - PART 3


https://ourlandandwater.shorthandstories.com/beyond-meat-and-milk/index.html#group-section-Timeline-Swe0ekeU7O

INNOVATION CATEGORY:
REDUCE WASTE




i ety food waste
9o innovation

Technical Social Innovations
Innovations

UPCYCLED
FOOD LAB




"29 MILLION LOAVES OF BREAD
ARE WASTED ANNUALLY IN
NEW ZEALAND"

‘Upcychng some of the 26 milion loaves of
bread wasted annualy in New Zealand *(1) nta
beer, Is a fun concept that can help to raise
awareness of food waste and divert unused
bread away from Landfills. Working with Citizen
Collectve*(2) Food Scientists at the Unversity
of Otago set out to explore the macmum
amount of bread that could be substituted into
3 good tasting beer by developing a unique
mashing regime. Based on a series of product
development trials, a winning recipe which
substitutes 50% of the mak with bread has
been developed. 8y optimising the mash
regime, we increased the amount of bread in
upcyded beer from 25% to 75% of the
carbahydrates required. Using this recipe, 4.75
slices of bread are used per S00ml of beer. The
team are delighted to share this with you now,
& in the name of waste reduction and good
beer brewing! This infographic provides step
by-step nstructions on how you can become a
food waste corscious brewer, From a simple
‘how-to-guide’ through to a section on ‘Extra for
Experts, ths resource guide contains
everything you need to know about brewing
beer from bread. So, we challenge you naw to
attempt brewing your own beer using any
leftaver bread you can find and in doirg 50 jon
the movement in reducng the number of
toaves gaing ta waste whilst contributing to the
averall globsi food waste problem! We are
confident this winnable solution wil lesd 1o
nothing bt hoppness!

Happy brewing!
The Upcycled Food Lab *(3),
University of Otage

B4 Oiko

WHAT YOU'LL NEED:

Upcycled ginger beer soda Homebrewers' guide to

recipe upcycling bread into beer

GIVE SPENT GRAIN NEW LIEE

In the US 27 billion kilograms of spent grain is
generated every year! Spent grain is the leftovers
from brewing. There are ample opportunities to
upcycle this valuable 'waste' stream. A number of
entrepreneurs have built their business on the

1.Using 3 food processar grnd
the bread into a consistent,
small crumb an be done
in small batche:
kitchen processar),
In the same mannes, mill the
malt in the food processar to
achieve a crushed grain
ensuring the kernels break
apart.

a regular

“The bread esed for

Fresh whice sanch
experim

2.73% sk per loaf. Hig

SEE EXTRA FOR EXPERTS: TIP 1

possibie, 20 avoid sali

wos Noture's

percentages of bread
w

1,Fiter the contents of the mash to obtain the sweet wort. It
will be best ta put & through progressively finer sieves and
finally several layers of muslin doth. You shouid retain
-

2.5parge the mash with 2L of hot water (-8°C)

3.Pour the remaining grain through a sieve using 2 spoan to
mave the grain around to squeeze out the bquid.

4.Discard the leftavers and repeat until a the grain has been
drained

5. Transfer the extracted wort into a large pat for bolkng,

SEE EXTRA FOR EXPERTS: TIP 3

\ \ 4.non. AND ADD HOPS

1.Add 1.2L boding water to the balling
POt to allow for water loss during
the ball

2 Add the Rakau hops, then boil the
wert for 30 mimutes (a ice rolling
boi),

2 After boding for 30 minutes, add
the Riwaka hops, tun aff heat, put
on the lid on the and et it for 10
minutes.

|

of soks ors col
< Bemaing prccein ot
COLD BREAK helps 1o achieve o clearey, better kooking
ow
| |
1.Prepare sterde vessels for the coid break using Star
San or 3 smilar
2.Add 1L of boding water to the bitter wort.
3 Transfer the bitter wort into the vessels.
4.Place in the fridge over night to let the clear wort
separate or until the solkds and iquid have vsbiliy
seporated

wmperaure ronge and

1.5terilise the fermentation vessel using Star San or a similar
product.
2.Carefully pour the clear wort from the fridge to the

B
Alterratively, you can siphon out the clear wort

3. Pitch 145 of yeast 10L of wort

4, Leave to ferment at 15°C for 5 days

5. Monitor the specific gravity and end of ferment.

6. Carefully pour/siphon the beer into sterile botties

7. Add €g of sugar per btre of beer and seal the bottles.

8. Leave in a caol, dark place for two

by nsistent beer. In relation to brewing beer with bread,
e =

contained bread to malt, the wnig)

Aty Bes, which =
beer brewing

TIP1

growing interest of spent grain, for example
Regrained *(4) take spent grain and upcycle it into

STEP MASH
flour and Rutherford and Mever, The Upcycled Grain "

1.Add the bread and matt to a 20L plastic bucket. Mix well and
place the bucket in 2 large container of water at 45°C {a chilly
bin & good a3 it holds heat well)

2.Mash in by adding to the bucket containing the bread and
malt 8.1L strike water (- 55°C) to hit a mash temp of 45°C
and hold for an hour. Monitor the temg and add more ht

bath (chilly bin} if needed
3.Add boding water o the water in your water bath to rasse the
temp to 60°C. Hold at 60°C for 20 minutes. Monitar

food waste

The recipe provided works with 2 50:50 makt io In 3iep mashing, the mash temperature
bread. I you would bee to experiment with  ncreases through 2 zenes of ress ftme at a

PNl cifferent ratioz use the conuersion facior  parbcular temperature). 45°C i termed the

@] rrovided to calculate the mass of malt to  acid rest Ar this temerature, the eazyme
’-%"q substitute with bread, phytase breaks down a molecule called phytin
= and releases phytin acd which lowers the

mash pH. 80°C |5 termed the proten rest
Here, twa enzymes (proteinase and peabdase)
break down leng chaned proiens, mio
medium and short chains and Break them
o o their component form. 70° & termed
the saccharification rest. Thes rest is required in

) conversion factor- 125
To calculate bread required in recipe:
Mass of Mal o subistitute =
Total Malt in original recpe (g) x Fraction to
replace (Le., 0.5 for 50%)
Mass of Bread (g) =

innovation

Food Waste Technical & Social Innovations Research Group

Find the recipe on our website
bhttps://foodwaste-otago.org/news/the-
star-cake-and-beer-together-at-last

the temp and add mare hot water if needed.
4. Increase the mash temg to &5 *C. Hold
far 30 minutes, monitor and adjust the
temp as required,
As Finally, increase the mash temp to
70*CHold for hold for an hour, monstor
and adjust the temp as requared

SEE EXTRA FOR EXPERTS: TIP 2

Mass of Malt o subsiitute (g) x 1.48

Example for 40% substitutian:

Mass af Mk 1o substit
1405

Mass of Bread = 1040 x 1.46 =
518 g Bread fr 2 40% substitution

£005 Malt x 014 =

2 mash pragrams. Here, two enzymes (ainha
amylase and beta-amylase) convert starch ta
fermensable sugars




New Zealand
Food Waste o rving actionon

sustainable, resilient food
system that benefits our

Champions e
12.3

https://www.nzchampions123.org/



Kai Commitment

COLLABORATE MEASURE
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FOOD WASTE SOLUTIONS KEY:

Prevention Redistribution
Systems, tools, food design and approaches that Tech, networks, transport and infrastructure that
enable the reduction or avoidance of wasted priortitse the redistribution of food to humans first.
materials, ingredients and products.
Recovery [N
Upcycle Solutions that recover energy/nutrients from food for Iw
Solutions that convert food into new, additional value use beyond human consumption. Eg: fertiliser, compost,
opportunity such as revalorisation and secondary markets. animal feed, anaerobic digestion NOT landfills. GROWING

A0 =" ;gé TOTEE: ekt
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AND
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FUNDING
AND POLICY
Government/Private funding, V I S I 0 N 5

that provides
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guidance and policies that
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' king togeth ) NEEWORK
DESIGN AND Wor Ing Oge er CAPABILITY BUILDING AND

/ BEHAVIOUR CHANGE

STRATHDY ot toward a resilient food
system that values food
and has no food

MANUFACTURING

understanding of the behaviours
and actions to achieve the vision.
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Shifting Mindsets and Skillsets:

The crucial role Agribusiness teachers play in this transformation!

. Encouraging .
Cultivating Future- . Fostering a
& Collaboration and &

Ready Skills . Sustainable Mindset
Entrepreneurship

@ Building a Global §/ Inspiring a Passion |
: o

Perspective for Food ' ‘
o8
o
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University of Otago | Otakou Whakaihu Waka | A place of many firsts o »

=>I ) 0:01/1:00 Scroll for details @O @ 1P 2
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https://www.youtube.com/watch?v=bUIMmTFNC6c

BSc Food Science

Developing healthy and flavoursome foods in
a sustainable manner that will meet
customers’ expectations.




Flexibility is the key

Our flexible degree structure enables students to tailor ~**
their programme based on their career aspirations.

Get them to talk to us for course advice!

Broad range of career pathways:
Product Development,
Safety and Quality,
Production and Processing,
Ingredient Technology and Consultancy,
Agri Marketing, Consumer Insights and Sensory Science, g
Policy and Regulatory,
Sustainability,

Entrepreneurship.
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Master of Applied Science in Food &
Agriculture (12 months)

A conversion degree for students without a background in food/ agricultural
science to prepare them for a global career in these growing sectors.

* A comprehensive “farm-to-fork and beyond” degree, with its strong emphasis
on future foods, will empower you to improve food systems' social,
environmental, and economic sustainability

* Coursework + Supervised Independent Study/ Workplace-based Project

« Admission: Bachelor’s degree in any field with GPA equivalent to Otago B
(70%).

Modules: Regen (NZ) Agriculture | Agricultural Plant Science | Agritech | Livestock Animal Physiology | Seeds
Industry |Intro to Food Processing | Intro to Food Chemistry | Intro to Sensory and Consumer Science |
Sustainable Food Production | Food Packaging | Thermal Processing | Food Enzymology | Flavour Science |
Food Waste | Food Biotechnology | Fermented Foods and Beverages | Brewing | Sensation and Perception



Don’t just take our word for it...

Jess
Food Technology Consultant Packaging Technologist
... Beverage and Food Gurus mGoodman Fielder

HOW DO YOU MAKE
A DIFFERENCE IN THE
Jakob . FOOD INDUSTRY?

Environmental Manager
_Alliance



https://youtu.be/z7u8yVOySzo
https://www.youtube.com/watch?v=wMDIeQHtWtM
https://youtu.be/SRruv_CWxSE
https://www.youtube.com/watch?v=FQnmn87Azhc

otago.ac.nz/apply/agri

otago.ac.nz/apply/fosc
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