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Food Industry Enabling Technologies 
- the Penultimate Chapter
Richard Archer and Ross Holland

What is FIET?
A whole suite of targeted new food process technologies is just 
now becoming available to New Zealand processors. 

The FIET research programme has just completed after six years of 
work. 

• Thirteen major projects were supported from two up to six years 
yielding patent applications, scientific publications and working 
prototypes.

• About half are well into their commercialisation journey.

• All are worth reading about just in case that new technology 
wrinkle is just what you need. 

FIET kicked off on 1 July 2015, a brave research programme in Food 
Engineering. We planned to advance technologies which would make 
our New Zealand food processing industry rich. We were setting out on 
a six year journey with around $17 million.

“We” means a collaborative group of researchers from Massey University 
(as host), the Universities of Auckland and Otago, AgResearch, Plant & 
Food Research and the Riddet Institute. “We” also means a FIET Board, 
to bring good governance and a strong industry focus, and to decide 
which projects start or stop. And “we” also means a group of industry 
and Maori advisors who helped along the way. Most particularly, 
“we” means a cluster of companies in need of new technology and 
committed enough to engage as partners in the programme, guide us 
and invest in trials and prototypes.

Quite quickly we found our group of industry partners to be very fluid. 
Some companies changed business strategy or ceased operations 
entirely. Happily, more companies joined the FIET programme over the 
six years than left, often as a result of the new technologies becoming 
more real and realistic.

We deliberately chose a mix of technologies across a wide range of food 
sectors. Some (like Atmospheric Freeze Drying and Pomace Creaming) 
are almost being invented from scratch. Some (like Precision Smoke 
Generation and Rapid Liquid Freezing) are new, science-backed 
initiatives to make quantum improvements in common processes. 
Others (like Pulsed Electric Field and Microwave Sterilisation) use 
commercial prototype equipment and seek to drive New Zealand 
applications.

Here is a very quick run through of the projects and what they have 
achieved and who to talk to.

Milk Chilling and Farm Vat – Auckland and Massey  
Universities
Mohammed Farid at University of Auckland developed a next 
generation ice-bank based on phase change materials. Designed to fit 
into an existing milking shed, it is the most compact on offer (highest 

kWh stored per m3 volume), has the smallest footprint (ie highest 
kWh/m2) and fastest rate of heat/cold release (ie kW/m3), while being 
inexpensive to build and very simple to run. Alongside this, Massey 
showed that it was possible to make a polymer mix that could be used 
to 3D-print insulation on to a farm vat strong enough to give the vat 
support and structured to give good insulation exactly where each is 
most needed. This opens the possibility of a low cost, well insulated 
non-refrigerated future vat that avoids the deficiencies of the current 
on-farm milk storage vats.

Contact for Icebank: Prof Mohammed Farid [m.farid@auckland.ac.nz]

Contact for farm vats:Prof Richard Archer [r.h.archer@massey.ac.nz]

Icebank video: https://vimeo.com/436243804

Article in FoodNZ http://www.foodnz.co.nz/uploads/PDFs/FNZVol18 
No6MilkChillingandVats.pdf

Rapid Liquid Freezing – Massey and Auckland Universities
Cuddon Engineering in Blenheim are building the first commercial 
rapid freezer on the pattern of the Massey FIET prototype. It is targeted 
at sheep milk on farm but could freeze most food liquids or pastes 
into frozen pellets within three minutes in a continuous operation. The 
pellets are easily handled in bulk containers (IBC’s), in reefers and in 
cold stores and can be thawed within three or four minutes as well. 
The rapid freezing and thawing goes a long way to ensuring quality 
of the thawed product. Frozen goat or sheep or deer milk can lose 
solubility during storage and grow bugs during thawing if it is done in 
large bladders or pails as is conventional. The first model of the Massey 

3D-printed model of rapid freezer commercial prototype

mailto:m.farid@auckland.ac.nz]
mailto:r.h.archer@massey.ac.nz]
https://vimeo.com/436243804
http://www.foodnz.co.nz/uploads/PDFs/FNZVol18No6MilkChillingandVats.pdf
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FIET freezer is suited to sheep farms having up to 900 L of milk per day.

Contact: Prof Richard Archer [r.h.archer@massey.ac.nz]

Video: https://vimeo.com/436344564

Articles in FoodNZ:

h t t p : / / w w w . f o o d n z . c o . n z / u p l o a d s / a r t i c l e s p d f s /
FNZVol17No5FietSheepMilk.pdf

https://www.fiet.ac.nz/wp-content/uploads/2020/02/Sheep-milk-
freezing-FNZVol20No1-1.pdf

Meat Tenderisation – Riddet Institute, Massey and Otago 
Universities
Making the most of tough meat cuts such as brisket has always been 
a challenge in the meat processing sector. Chefs manage to tenderise 
tough meat by sous vide and slow cooking. But these processes fit poorly 
into meat works operations. The team on this project is combining 
sous vide with other technologies to get speed and control. Already, 
using enzyme treatment and sous vide together looks promising. The 
team is now looking at Pulsed Electric Field and sous vide together.

Contact: Mike Boland [m.boland@massey.ac.nz]

Video: https://vimeo.com/452013621

Articles in FoodNZ:

http://www.foodnz.co.nz/uploads/PDFs/FNZVol18%20No1FIET 
KiwifruitMeat.pdf

https://www.fiet.ac.nz/wp-content/uploads/2020/07/Meat-enzymes-
FNZJune-2020-Vol20No3.pdf

Precision Culinary Smoke Generation – Massey and Otago 
Universities
Smoked food seems somehow wired into humankind’s emotional 
memory: we love it. Smoking meat and fish is traditional almost 
everywhere and mānuka smoke is one of the few signature New 
Zealand flavours we can offer (alongside Marlborough Sauvignon 
Blanc and Te Puke Haywards Kiwifuit). But commercial smoke 
generation technology is poor the world over. If any little piece of wood 
gets too hot with too much oxygen (as is almost inevitable with current 
industrial scale systems), carcinogenic PAH’s are generated and good 
flavours are lost. The team has come up with designs to suit different 
scales of smoking operation, all capable of precise, low-PAH, targeted 
culinary smoke from beginning to end of the cycle.

Contact: Prof Jim Jones [J.R.Jones@massey.ac.nz]

Video:https://vimeo.com/474924756

Article in FoodNZ

http: / /www.foodnz.co.nz/uploads/PDFs/FNZvol17No3FIET 
CulinarySmoking.pdf

Meat Liquefaction – AgResearch, Riddet Institute and 
Massey University
New Zealand has a high volume of left-over meat trimmings going to 
rendering. But some can be liquified and then heated carefully with the 
right sugars to yield strong cooked meat flavours ideal for flavouring 
plant-based proteins being used for meat analogues. This is exactly 
what the team has managed to do, landing a paper on the front cover 
of the Journal of Food Science, volume 85, 2020 in the process.

Contact: Dr Michael Parker [M.E.Parker@massey.ac.nz]

Journal of Food Science https://onlinelibrary.wiley.com/doi/epdf/ 
10.1111/1750-3841.14960

Pomace Creaming – Massey University and Plant & Food 
Research
Dietary fibre ingredients are being called for by food formulators but 
few current products also provide creamy texture to a drink or water-
binding to a bakery system. This was the aim of the FIET project, 
alongside utilising the wealth of apple and carrot pomace that New 
Zealand currently feeds its dairy cows. The process developed utilises 
complex chemistry and physics buried in a simple and compact plant. 
Aurecon is the multinational engineering company that will make 
and sell plants in New Zealand and round the world. Several juice 
companies have expressed interest in buying plants as soon as they 
are available.

Contact: Prof Richard Archer [r.h.archer@massey.ac.nz]

Video:https://vimeo.com/475716452

Articles in FoodNZ

http://www.foodnz.co.nz/uploads/PDFs/FNZVol18No3ApplePomace.
pdf

h t t p s : / / w w w. f i e t . a c . n z / w p - c o n t e n t / u p l o a d s / 2 0 2 0 / 0 2 /
CreamedPomaceFNZVol19No6-1.pdf

Drying Sticky Products – Plant & Food Research &  
Massey University
How do I spray/freeze/belt dry my juice/puree/honey without copious 
additions of maltodextrin and without it being sticky? This is a common 
question and the one addressed by the PFR + Massey team. They 
produced a toolbox of options.

(1) A new model was developed, which can calculate from formulation 
plus dryer parameters to predict whether you will get fruit/vegetable/
honey material dry enough, and cold enough fast enough, to dry 
effectively in a spray dryer. The model also predicts the storage stability 
of dried powders regardless of the drying method. This tool is already 
at work and informing companies how much they can cut back on 
maltodextrin addition while still producing stable powders.

(2) A method of atomising finely wet-colloid milled pomace (high in 
fibre) with juice.

(3) Applying the above two technologies in combination to fruit or 

The FIET Meat 
Tenderisation 
scientific paper 
by Ji Hong Chiang 
et. al. featured on 
the cover of the 
Journal of Food 
Science, volume 
85, 2020.
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vegetable pomace materials plus juice, to give a clean label to the 
resulting dried product (although some formulations may still need a 
little maltodextrin).

(4) The model has shown how a spray dryer can be modified to enable 
powder to be produced from raw materials that would otherwise not 
be able to be produced from a spray dryer. The team has made a range 
of nicely dispersible powders and can advise on when to use spray or 
freeze or vacuum belt drying and when a drying aid like maltodextrin 
is essential.

Contact: Dr Lee Huffman [lee.huffman@plantandfood.co.nz]

Video:https://vimeo.com/458004586

Articles in FoodNZ 

h t t p : / / w w w. f o o d n z . c o . n z / u p l o a d s / P D F s / F N Z Vo l 1 8 N o 2 
FIETdryingFruitJuice.pdf

https://www.fiet.ac.nz/wp-content/uploads/2021/02/202012-
December-FNZ-Drying-sticky-products-pp-20-22.pdf

Atmospheric Freeze Drying – Massey University and Plant 
& Food Research
Vacuum freeze drying (VFD) is a great process for heat-sensitive 
materials. New Zealand is both a strong practitioner and has a strong 
freeze dryer manufacturer in Cuddon of Blenheim. But a freezer dryer 
is expensive to buy and to run. In search of a more cost-effective 
alternative, we have looked to a process used for millennia, whereby 
inhabitants of the Steppes and high Andes have dried meat and 
potatoes in their cold, dry winds. The project team has industrialised 
this ancient process of freeze drying at atmospheric pressure. The new 
dryer is a tunnel, fed air at about -6°C but with a dew point below -35°C. 
The product never sees more than -6°C (unlike VFD where it sits on 
shelves which may reach 60°C). Product dries (very) slowly and evenly. 
For example, hops might take 7 days to dry, corn 10 days, mussels 30 
days. So, the chamber is large – but the tunnel is inexpensively built 
from polypanel. A simple air handler unit sitting on top uses desiccant 
wheels to pull the moisture out of the cold air for reuse again and again. 
The AFD looks to be about half the capital and about half the operating 
cost of VFD but is best suited to low-sugar, low-salt materials in large 
volume, especially irregular shaped material. Botanicals, starchy 
vegetable dices, meat chunks, shell fish and hops all look well suited.

Contact: Prof Richard Archer [r.h.archer@massey.ac.nz]

Video:https://vimeo.com/449058378

Article in FoodNZ

http: / /www.foodnz.co.nz/uploads/PDFs/FNZVol17No6FIET 
AtmFreezeDrying.pdf

Pulsed Electric Field – Universities of Otago and  
Auckland
PEF is a new technology that is starting to sweep the world. This project 
team looked at several New Zealand applications and has shown two 
to have special value. PEF applied to peeled raw potatoes softens 
them enough to avoid blanching before dicing and enough to cut with 
reduced breakage loss. Tubers with Tomato-Potato-Psyllid damage 
show less of the usual zebra chip defect on frying. And chips take 
up nearly 10% less oil on par-frying. That mix of benefits looks to be 
enough to pay back additional technology costs in under 12 months.

Application of PEF to grapes enhances extraction of colour, fruity 
flavours and ripe tannins in wine-making. This can be used to make 
more complex wines at the top end, to speed up maceration greatly or 

even to enhance yield. The Otago work showed that the benefits are 
pronounced in New Zealand Sauvignon Blanc and Merlot. Already PEF 
is becoming common in large potato processing lines round the world 
and is working its way into leading winemakers in Europe.

Contact: Prof Indrawati Oey [indrawati.oey@otago.ac.nz]

Video: https://vimeo.com/436694637

Articles in FoodNZ

http://www.foodnz.co.nz/uploads/PDFs/FNZVol18No4FIET%20
PEF%20.pdf

https://www.fiet.ac.nz/wp-content/uploads/2020/04/PEFwinemaking-
FNZApr2020.pdf

Pasteurisation and Sterilisation – Universities of Auckland 
and Otago
Thermal treatments are still the mainstay of food safety. They are 
predictable, repeatable and understood by industry and regulator 
alike. But many consumers want less heat applied during processing 
(to maintain nutritional and sensory quality). Combining heat with 
pressure or with UV or ultrasonics may recruit synergies to enable safe 
reduction in heat input. Heat in two pulses (to activate spores and then 
kill) may help. This project investigated several promising combinations 
before being discontinued because the path to regulatory approval was 
likely to be long and slow, conflicting with the FIET programme targets 
aimed at near term commercial application wherever possible.

Contact: Prof Mohammed Farid [m.farid@auckland.ac.nz]

Video:https://vimeo.com/436267489

Article in FoodNZ

h t t p : / / w w w. f o o d n z . c o . n z / u p l o a d s / P D F s / F N Z Vo l 1 8 N o 5 
PreservationEmergingTech.pdf

MAP-enable – Massey University and AgResearch
Application of microwave to sharpen up purely thermal processing at 
industrial scale is on its way. Ironically, microwaves sit in every kitchen 
but in very few factories. But the past 30 years has seen microwave 
applied more and more to non-food products such as panel (eg MDF) 
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Scope of research
Funding provided by the Ministry of Business, Innovation and 
Employment (MBIE) through the Food Industry Enabling Technology 
(FIET) programme (2015-2021) is enabling us to translate our 
laboratory-based research into commercial reality. To date we have 
carried out three trials using high-throughput (up to 1 tonne per hour) 
PEF equipment with New Zealand companies, and assessed extraction 
efficiency as well as the flavour profiles of the resulting wines. Together 

Inside the PEF chamber 
cabinet

PEF chamber

Figure 1. The 
concentrations 
of specific groups 
of anthocyanins 
extracted from 
Merlot grape musts 
during a 4-day cold 
maceration process as 
a function of PEF pre-
treatment of grapes 
at increasing specific 
input energies at 
electric field strengths 
of 33.1 or 41.5 kV/
cm. Data presented 
as mean ± standard 
deviation (n = 3). 
n.d. indicates below 
detection limit

FIET

with our wine industry partners, we have observed potential industry 
benefits associated with PEF processing including improvements in the 
consistency of the wine quality between ferments and across seasons, 
as well as an increase in the expression of varietal sensory character.

PEF application in red winemaking
In the first trial, a continuous PEF system (KEA-WEIN developed by the 
Karlsruhe Institute of Technology, Germany) was used at a commercial 
winery to process 10 tonnes of grapes originating from the Hawkes 

PEF wine trial (Sauvignon Blanc 2019) at the Department of Food Science, University 
of Otago (Dunedin) using a pilot plant scale PEF equipment

PEF chamber

Grapes

Entry into  
PEF Chamber Exit from PEF 

chamber4

4

PEF wine trial (Sauvignon Blanc 2019) at the Department of 
Food Science, University of Otago (Dunedin) using pilot-plant-
scale PEF equipment
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and webbing manufacture, where a thin material of defined geometry 
and composition is processed in a continuous operation. Microwave 
has cut its teeth at the 30 kW level and is now ready for food. This 
project uses a pilot unit from Muegge in Germany for sterilisation of 
ready-to-eat meals. The packaged food is conveyed under pressurised 
RO water past antennae which lift internal temperature rapidly. The 
team has worked out how to get very even thermal experience across 
the treated food pack. Unlike retorting, the outside of the pack does 
not get hotter faster than the inside. There is no defined cold spot in 
the pack, as evidenced by a tracer which changes colour with time/
temperature. Nor are there hot spots getting overdone.

Contact: Prof Richard Archer [r.h.archer@massey.ac.nz]

Video: https://vimeo.com/472022133

Articles in FoodNZ

https://www.fiet.ac.nz/wp-content/uploads/2019/09/Microwave 
AssistedProcessingFNZVol19No4.pdf

https://www.fiet.ac.nz/wp-content/uploads/2020/11/202008-August-
Microwave-assisted-technologies.pdf

UV technologies for Fresh Exports – Massey University 
and Plant & Food Research
New Zealand has a fast-developing berry industry needing to reach 
offshore markets. The sector need is to lengthen shelf life. UV will do 
the trick by both killing fungal spores and jump-starting the berries’ 
own preservation defences. While this concept is not so very new, the 
FIET team has worked out how to roll the berries so that all surfaces 
get even treatment without sunburn or underdone spots. And it does 
this without the blueberries rubbing each other and losing bloom. This 
can now be achieved within the geometry of an existing packing line – 
here is the technology advancement. The team is working closely with 
a packing line manufacturer and with the blueberry industry.

Contact: Prof John Bronlund [[J.E.Bronlund@massey.ac.nz]]

Video: https://vimeo.com/436345493

Articles in FoodNZ 

h t t p s : / / w w w. f i e t . a c . n z / w p - c o n t e n t / u p l o a d s / 2 0 1 9 / 0 9 /
UVTechnologiesFNZVol19No2.pdf

https://www.fiet.ac.nz/wp-content/uploads/2021/02/Rolling-Berries-
FoodNZFebMar21.pdf

Spectral Separations – Massey University and AgResearch
Potatoes can now be inspected for subcutaneous Tomato-Potato-
Psyllid damage while traversing a packing line after washing. The team 
has used hyperspectral imaging to film moving potatoes. Each potato 
is segmented out of the image and identified by position. For each, a 
big sample of pixels is isolated and key spectral bands inspected for 
signatures of Psyllid disease.

The team is now applying itself to honey inspection. Just after 
uncapping in the extraction plant, whole frames of honey are inspected 
by HSI camera and the “mānukaness” calculated. This allows the
operator to choose which frames to pool together with other frames 
predicted to be high strength mānuka honey. Current practice has all
frames from all honey boxes from one apiary extracted together in the 
hope that none of the bees switched allegiance to an alternative nectar 
source at some point. Once mānuka-rich and mānuka-lean honey is
mixed they can’t be unmixed and higher value product is lost. Since the 
value-UMF™ curve bends up quite steeply, this technology will offer the 
industry a way to maximise value from its honey resource.

Contact: Prof Richard Archer [r.h.archer@massey.ac.nz]

Video: https://vimeo.com/465992377

Article in FoodNZ 

https://www.fiet.ac.nz/wp-content/uploads/2019/09/Spectral 
SeparationsFNZVol19No3-2.pdf

Who is behind FIET?

FIET presented an opportunity to bring together ‘best teams’ of food 
engineers and food technologists across New Zealand, in partnership 
with New Zealand food companies innovating in the food processing 
space. The overarching goal was to lift the proportion of food exported 
as high value product by introducing new Product Unit Operations to 
New Zealand food companies.

Dr Kevin Marshall has chaired the FIET Board over the past six years, 
with inaugural Board members Dr David Tanner, Professor Pare Keiha, 
Dr Peter Fennessy and Dr Mike Matthews. Mid-term changes saw 
Katy Bluett, Anna Yallop, and Prof Julian Heyes arrive, following the 
departure of Dave, Peter and Mike.

A Science Management Team was established to assess and 
recommend new project proposals in the programme, and to monitor 
project progress. The SMT comprises one representative from each of 
the six research partners, chaired by Chief Technologist Richard Archer.

Two specialist advisory groups were also set up. Te Roopu Māori,
comprising Māori representatives from each of the partner research
organisations, was established to represent Māori interests in the food
sector and guide engagement. And an Industry Advisory Group from 
across the food industry advised on industry-related matters. While 
the interests of both of these groups could have been served better, it 
is heartening that the FIET programme is currently working with ten 
Māori food industry entities across seven of the FIET projects.

The powerhouses of the programme are the research teams, supported 
by Programme Director Dr Ross Holland. Once a year everyone 
met at the annual FIET Colloquium including industry partners and 
programme stakeholders.

Board Chair, Dr Kevin Marshall receives a Massey Medal, 
Massey University's most prestigious honorary award.
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Food Industry Enabling Technologies (FIET) is funded by the 
Ministry for Business, Innovation and Employment and its 
purpose is to support new process developments that have 
the potential to add significant value to our national economy. 
The programme has six research partner organisations, 
Massey University (the host), Riddet Institute, University of 
Auckland, University of Otago, Plant and Food and AgResearch. 
Funding is $16.65m over six years (2015-2021) and targets 
pre-commercialisation activities. If you are interested in more 
information, then please contact either Dr Ross Holland 
(R.Holland1@massey.ac.nz) or Professor Richard Archer, Chief 
Technologist, (R.H.Archer@massey.ac.nz).

FIET 

Life after FIET
FIET has been a very successful programme of research. Over 90% 
of the cash funding came from MBIE and the balance from industry. 
However, many companies have become very involved and spent a 
lot of their own resource helping, guiding, testing, providing materials. 
Most importantly they are lined up to be first users or manufacturers of 
equipment.

FIET has provided a pathway for over 15 young people to gain a PhD in 
food engineering. They have imbibed the ethos of a multi-institutional 
programme and have coupled a pronounced commercial/industrial 
emphasis with solid academic research. FIET has further developed 
over 10 post-doctoral fellows in their research careers, exposing them 
to the thinking and needs of multiple partner companies. Most of these 
experienced researchers have moved on to employment in the food 
industry, mainly within New Zealand.

FIET has forged researchers from six institutions into a tight network of 
colleagues able to call each other at the drop of a hat and work together 
at the next challenge.

But there won’t be another FIET. The Enabling Technologies funding 
mechanism has gone from MBIE’s portfolio. Projects now need to 
be either very research-driven to appeal to journal editors more than 
industrialists. Or they need to be close enough to market to draw 60% of 
the funding from industry. The opportunity for a sustained and evolving 
relationship with companies while doing enough serious research to 
prepare a new technology for real application has faded.

The Enabling Technologies mechanism was almost unique in New 
Zealand for fostering solid academic research with a strong industry 
focus. To make it even better, it could have made money available 
more slowly over the first two years while post docs were recruited, and 
projects got underway. This money could have been shifted and made 
available as a long tongue in years 7 through 9 to support small problem 
solving research during the translational stage. Commercialisation may 
well start inside the research period, but it is inevitably slow in the 
food technology field. For full commercial use there often needs to be 
a technology company (to build, market, support equipment), a user 
company (often manufacturing an ingredient), an ingredient supply 
company and food processing companies using that new ingredient. 
This is a long chain to assemble. Any problems take some time to 
appear.

MBIE is perhaps the hero of FIET. MBIE saw the need, provided the 
funding and stayed engaged via annual colloquia and as observers 
at Board meetings. In backing food technologies MBIE was able 
simultaneously to support the primary industries (supplying raw 
materials), the food process industries and the high tech sector (which 

manufactures and supports equipment for the new technologies). And 
we also grew a crop of new researchers and built a strong collaborative 
grouping all out of the same dollar. That is very efficient investment!

Seven years ago, we were a little optimistic about the rate of uptake of 
our new technologies. But probably not unrealistic about their long-
term potential. We believe that most of the technologies developed 
in FIET will have a significant impact in the food industry – perhaps 
via routes not envisaged at their inception. The challenge now is 
working with companies to support the new technologies in the FIET 
technology pipeline.

FIET stand at FoodTech PackTech 2021 – reaching out to the 
food sector and technology engineering companies

2016 FIET Colloquium
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