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New Zealand has strong agricultural and horticultural resources. Biotechnology is vigor-
ous and flourishing and the future is promising. Applications of genetic engineering and
biotechnology are progressing well in agriculture and food production, animal hus-
bandry, forest conservation and environmental security. This article discusses the status
of the biotechnology applications with special reference to agriculture and environment.
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Introduction

uring the first half of the 20th cen-
D tury, New Zealand’s economy

developed around meat, wool,
dairy and forestry exports. This was a log-
ical outcome of New Zealand’s location
in temperate latitudes, its good quality
soils for land-based production and its
limited mineral resources.

New Zealand’s investment in re-
search and development has helped
improve the quality of commodity pro-
duce, added value to meat and wool
processing, diversified milk products and
improved on-farm productivity. The evo-
lution of biological technology in New
Zealand has led to a strong interest in
biotechnology. A number of industries
have emerged as a result of the strong
emphasis on plant and animal science.

New Zealand has several unique
attributes that make it a high quality food
exporter. It is an island nation, so the
ocean provides a valuable natural barri-

er to pests and diseases. It has a large
proportion of fertile land, with no serious
or List A animal diseases, and a relative-
ly small human population. The native
plants and animals are unique and it has
some of the most ancient tree and plant
species in the world.

Defining biotechnology
One outcome of the agricultural and hor-
ticultural strength of New Zealand was
the adoption by the New Zealand Bio-
technology Association (NZBA) of a
slightly broader definition of biotechnol-
ogy than that of the OECD. New Zea-
land's definition of biotechnology is: "The
application of scientific and engineering
principles to the processing of material
by biological agents and the processing
of biological materials to improve the
quality of life".

This definition of biotechnology in-
cludes natural products, which the NZBA
defines as “goods of natural origin (ex



isting in or by nature, not artificial)
which are unprocessed or minimally
processed".
An outcome of the definitions is that
the NZBA has a wide membership, in-
cluding interested members of the pub-
lic, and scientists and marketers from pri-
vate companies, Government research
institutions and universities.
The constitutional objectives of the
NZBA are to:
® Nurture the improvement and diffu-
sion of biotechnology in New Zealand;

® Represent the interests of those con-
cerned with biotechnology in New
Zealand;

® Provide a forum for interaction among
the disciplines involved in biotechnol-
ogy; and

® Foster an environment conducive to
the growth of biotechnology-based
industries in New Zealand.

Foresight Project

In 1999, the New Zealand Ministry of
Research, Science and Technology cre-
ated the Foresight Project to gain insight
into New Zealand's vision of itself in 10
years time. This was a key part of some
recent major changes behind the philos-
ophy of public funding of research. These
changes will impact heavily on New Zea-
land’s science research directions and
will have a beneficial outcome for bio-
technology in the country.

In association with Biotenz, the bio-
technology products export industry-
based organization, the NZBA submit-
ted a document to the Foresight Project
called “The Industrial Biotechnology and
Natural Product Sectors 1998 - 2010".
This document, available on the NZBA's
website (www.biotech.org.nz), gives an
overview of where these organizations
see biotechnology in New Zealand in the
year 2010. This approach has been used
to assist the Ministry for Research, Sci-
ence and Technology in refocusing its
funding of government funded research.

An outcome of this strategy has been
an increased interest in the funding of
biotechnology known as the Strategic
Portfolio Outline (SPO) for Advanced Bi-
ological Enterprises. Although the SPO
is vital for biotechnology, funding of bio-
technology in the medical and health in-
dustries remains. Additionally, horticulture
and agriculture as well as the more spe-
cific food and animal based industries

have biotechnology components. The
changes in philosophy by successive
New Zealand Governments will provide
a considerable boost to research, sci-
ence and technology in biotechnology
and, in general, to the natural products
industry.

The state of biotechnology in New
Zealand is vigorous and flourishing. The
Crown Research Institutes are focussed
on high quality research and on com-
mercializing opportunities. The private
sector is small but growing rapidly in both
numbers of businesses and export sales.
Natural products will continue to play an
important role in exports from New Zea-
land. However, over the next decade, we
shall see changes in the type of exports
because of the application of new intel-
lectual properties and new high-tech
manufactured products.

Inquiry into GM

The New Zealand government estab-
lished a Royal Commission of Inquiry into
Genetic Modification. This commission
has a broad brief to inquire into and re-
port on the strategic options available to
enable New Zealand to address genetic
maodification now and in the future. It can
recommend changes to government
policy and legislation. The Commission
will review the current status of genetic
maodification in New Zealand, weigh the
risks and benefits, the current evidence
and the uncertainty about the application
of genetic modification. The Commission
will also consider the responsibilities as-
sociated with cultural and ethical issues,
the environment and the possible out-
come of either proceeding with or stop-
ping development of genetically modified
organisms, among other criteria.

The review could have far-reach-
ing ramifications for the future of biotech-
nology in New Zealand. One of the pos-
sibilities in genetic modification in New
Zealand is the potential to produce new
pharmaceuticals through novel plant or
animal production technologies. Anoth-
er important effect of genetic modifica-
tion could be the development of new
methods of reducing the damage inflict-
ed on pastures and the hill-side soil ero-
sion (by rabbits, goats and pigs) or on
native bird and forest populations (by
possums and rodents). New technolo-
gies are under development to ensure a
safer and more targeted poison delivery

to these pests as well as research into
the fertility of these pests that could lead
to biotechnological methods of reducing
animal pest fertility.

An outcome of this Royal Commis-
sion will be the resolution of uncertainty
regarding the degree of high level bio-
technology that will be permitted in New
Zealand. Some New Zealanders believe
that if the major food products produced
in this country are GMO-free, the country
may gain a competitive advantage in
exports. Others, however, believe that the
country should embrace genetic modifi-
cation, with appropriate risk assessment,
to produce “improved” herds and crops.
These improvements could increase pest
resistance, thereby reducing chemical
use and chemical residues in the food
supply, as well as producing crops with
increased yields and/or improved post-
harvest stability.

Fresh and minimally processed
foods (fruit or vegetables) are growing
exports from New Zealand and may gain
even greater market acceptance if im-
proved post harvest freshness can be
introduced. New Zealand's research in-
stitutes are using advanced convention-
al technologies to achieve this outcome.
New styles of high quality fruit, fresh veg-
etables and high quality chilled meat and
fish are being developed without the need
to introduce genetic modification.

New organisms

The Government authority that controls
the importation and creation of new or-
ganisms is the Environmental Risk Man-
agement Authority (ERMA). ERMA’s func-
tion is, in part, to consider applications to
introduce hazardous substances and
new organisms into New Zealand. ERMA
is also responsible for monitoring com-
pliance with conditions attached to ap-
proved applications.

ERMA has recently allowed the cre-
ation of a research flock of genetically
modified sheep and a herd of genetically
modified cows under strict controls. The
sheep flock has been developed by the
Scottish company PPL with the aim of
producing a pharmaceutical protein in
sheep’s milk:. The dairy herd is being
developed along similar lines by AgRe-
search?, the intention being to produce
another pharmaceutical in bovine milk
that might successfully treat multiple scle-
rosis. Both herds are very securely con



tained and all wastes are to be treat-
ed to avoid release of foreign DNA into
the environment.

Forestry has become a major ex-
port earner for New Zealand, and mil-
lions of tonnes of Pinus radiata logs are
exported each year. Very sophisticated
non-recombinant cloning technologies
have been developed in New Zealand
to mass-produce the highest quality
trees for lumber production.

Forestry trees, however, are sus-
ceptible to various diseases that can be
very destructive. Consequently, consid-
erable research has gone into develop-
ing an appropriate genetic modification
to introduce disease resistance to the
trees. ERMA is currently seeking public
submissions before it makes a decision
on whether to allow the modification to
undergo a field release®.

Advisory council

Another contributor to the genetic engi-
neering debate in New Zealand is the
Independent Biotechnology Advisory
Council (IBAC). IBAC's role has been to
stimulate informed debate and enhance
public understanding of biotechnology.
It also surveyed public opinion on the
place of hiotechnology in society.

IBAC concluded*: “The public’s
views of the various roles that biotech-
nology could have in New Zealand var-
ied from embracing the technology to a
complete ban on it in this country. How-
ever, there was some confusion over the
definition and scope of the term "biotech-
nology". Some respondents used it in its
broadest sense, that is, a set of scientific
techniques. Others used it with reference
only to specific techniques such as ge-
netic engineering.”

The confusion over the definition of
the word "biotechnology" is of concern
to the NZBA who wish to emphasise that
biotechnology is not a synonym for ge-
netic engineering, but encompasses a
wide range of technology, from traditional
and appropriate technology right
through to the most sophisticated medi-
cal or modern technology.

IBAC's survey also summarized the
major risks that are of concern to the
public*: “Notwithstanding this confusion,
the majority of respondents could see
applications for certain aspects of biotech-
nology, primarily for medical applications.

However, they urged extreme caution and

highlighted the following provisos:

® The development of moral and ethi-
cal leadership and debate in the are-
na of biotechnology is required.

® A legal and regulatory framework for
biotechnology to develop and oper-
ate in is required.

The major risks identified by participants

of this consultation focussed largely on

agricultural applications of biotechnolo-

gy. These are summarized below:

® The centralization of power with large
corporations, and their perceived lack
of integrity.

® The unknown risks and inability to con-
tain genetically modified organisms.

® The loss of biodiversity and the threat
to the natural order.

® Concern about specific processes
using genetic engineering.”

Concern about biodiversity

One area of significant concern to New
Zealand is biodiversity. New Zealand has
been relatively isolated since its geolog-
ical break from Gondwanaland, and hu-
man habitation began only in the last
1,000 years. Protecting the unique biodi-
versity of New Zealand is a focus of the
recently introduced Biodiversity Strate-
gy>8, which quotes New Zealand's stock
of native species as follows:

“About 20,000 indigenous terrestri-
al species have been described in New
Zealand so far. These include: 700 proto-
zoans; 3,080 plants, 5,800 fungi; 10,000
insects; 2,600 arachnids (spiders and
mites); 200 myriapods (millipedes and
centipedes); 500 snails and slugs; 1,000
worms (nematodes, earthworms and flat-
worms); four frogs; 61 reptiles; 88 birds
(land and freshwater); and two bats. It is
estimated that the true number may be
closer to 70,000 species.

"Small, spineless or subterranean,
our most diverse groups of indigenous
species on land (fungi, insects and
worms) are the least known and appre-
ciated. Fungi, for example (estimated at
around 20,000 species) play a vital role
in ecosystems in breaking down and re-
cycling nutrients.

"New Zealand has lost a significant
proportion of its large native land animals.
As far as we know, in fewer than 1,000
years human-induced extinctions include:

32 per cent of endemic land and fresh-
water birds;

Three of seven frogs;

One of three bats;

Three of 64 reptiles;

11 ofthe 2,300 known vascular plants;
and

At least 12 invertebrates, such as
snails and insects.”

Biotechnology

and environment

Biotechnology has an important role in
environmental issues in New Zealand.
As mentioned above, the export of high
quality food products is a critically impor-
tant industry for New Zealand. Many sci-
entists are using advanced biotechnolo-
gy methods (but not exploiting genetic
maodification) to ensure that food exports
will grow and remain competitive with the
rest of the world. More information can
be gained on this topic by an examina-
tion of the Research Institutes and uni-
versities websites, especially Crop and
Food Research, HortResearch, AgRe-
search and Massey University.

Modern biotechnology is being
used to improve technologies associat-
ed with the introduction of new crops, crop
management, post-harvest care and pest
resistance. Several safe micro-organism
biocontrol agents are now in the market-
place, and more are being developed
using modern biotechnology without re-
quiring genetic modification.

Another area in which New Zealand
is very strong is the production of animal
vaccines, both by conventional methods
and by the production of genetically mod-
ified organisms to produce them. Scher-
ing Plough, CSL and AgVax are produc-
ing new vaccines for use in the New Zea-
land animal health sector and for export.

The natural product industry is also
of great significance to New Zealand.
Markets are both national and interna-
tional. The US market for natural prod-
ucts (including health food) was estimat-
ed to be US$ 7.5 billion in 1995, up 23
per cent on 1994. The New Zealand
market for natural health products is es-
timated to be NZ$ 60 million per annum,
with New Zealand exports of natural
health products being worth NZ$ 30-60
million per annum 72, Echinacea and St
John’s Wort have been recent popular
products (Figure 1).



Figure 1: Echinacea and St John’s
Wort processing at Industrial Re-
search Ltd

Rights over native plants

A key challenge for the natural product
industry is the question of indigenous
peoples' rights over native plants. This
issue will be decided in New Zealand
when the Waitangi Tribunal hears Claim
262, which deals with Maori rights over
New Zealand's native flora and fauna®.
Also of significance is the Mataatau Dec-
laration. This declaration was made at
the First International Conference of the
Intellectual Property Rights of Indigenous
Peoples held at Whakatane in June 1993
and convened by the nine tribes in the
Bay of Plenty.*°

Also of future impact will be the im-
plementation of the UN Convention on
Biological Diversity, which resulted from
the United Nations Conference on the
Environment and Development of Rio de
Janeiro from 3-14 June 1992 (the Rio
Earth Summit). In 1992, New Zealand
signed the Convention, which contains
various principles - especially Principle
22 (Agenda 21) - relating to the rights of
indigenous peoples?*2,

Claim 262 is of great significance to
those wanting to utilize native plants and
has been catalytic in presenting the is-
sue of Maori intellectual property rights
over native plants before a wide audi-
ence. Maori sensitivity to this issue is high,
and in general this is one reason the

natural product industry is wary of be-
coming involved with native plants. How-
ever, New Zealand native plants do offer
a unique competitive advantage for New
Zealand in that other countries are un-
likely to have access to New Zealand
native plants, and those enterprises
which can find solutions to this issue will
be well placed to benefit.?

Agricultural "co-products”

Part of the natural product industry, but
one where New Zealanders have ex-
celled is the processing of agricultural
by-products into profitable, fashionably
termed co-products. Apple pomace and
kiwifruit wastes provide two recurring
popular examples.

Apple pomace is the press cake re-
sulting from pressing apples for juice. The
uses of apple pomace can be broadly
classified as either a waste reduction
strategy, e.g.animal feed, fuel use or com-
posting; or obtaining a high value prod-
uct, e.g. aroma or pectin production; or
preferably both. In terms of getting the
apple pomace off site and away from the
processor, human food incorporation,
animal feeding, composting, landfill, and
fuel use have been most popular. Apple
pomace has been fed to cattle, sheep,
pigs, horses, deer, bighorn sheep, rats,
rabbits, geese and insects*®. Cost of dis-
posal is the driving force for seeking new
pomace uses. A problem arises with
transport costs. It is uneconomic to trans-
port the pomace far. Garrity** analyzes
the trade-off between transport costs and
utility of the product. Transport costs would
be much reduced if the pomace was first
dried, but this is uneconomical. Fermen-
tation of apple pomace has been popu-
lar. Products such as single cell protein
(SCP), ethanoal, citric acid, butanol and
enzyme production have been attempt-
ed. All of these, with the possible excep-
tion of enzymes, have been low-value
commodity produce, making profitable
processes difficult to achieve. The same
applies to the extractive processes of pec-
tin and oxalic acid production. The high-
er value products, apple seed oil, aro-
mas and xyloglucan production, offer
some hope, but the problem remains of
what to do with the waste after these prod-
ucts have been made.®

Kiwifruit is known worldwide as an
attractive green fleshed fruit. Large-scale
commercial growing began in New Zea-

land, and as the fruit transitioned from a
high value item to a more common com-
modity, more effort went into recovering
value from the waste (or co-products).
New Zealand, in particular, has been
keenly involved in the hunt for added
value uses for kiwifruit. The grower and
processor have one urgent aim; to get
the waste dealt with as soon as possi-
ble and preferably off site. Thus the aim
of finding uses is to reduce waste vol-
umes or to find a high value product,
preferably both.

One of the first efforts in using reject
kiwifruit went into producing kiwifruit juice
(Figure 2). This highlighted the problem
that treating kiwifruit juice at high tem-
perature and under the acid conditions
of the juice itself meant that the kiwifruit
chlorophyll degraded to pheophytin.
Thus the kiwifruit juice and canned prod-
ucts were olive green/brown instead of
bright green. Much effort then went into
retaining the chlorophyll, and hence the
bright green colour, and was successful.

Following this hurdle, the next
breakthrough was the development of
kiwifruit wine, popular at tourist outlets in
New Zealand. This was followed by dis-
tilled Kkiwifruit liqueur and kiwifruit vine-
gar. Preston Group Ltd started the only
kiwifruit vinegar production facility known
to the authors in Tauranga. This product,
vinegar with excellent flavour character-
istics, is innovatively used by New Zea-
land food manufacturers. Kiwifruit vine-
gar must rank as one of the most under-
utilized uses of kiwifruit wastes.

One of the most intensely studied
kiwifruit products is the proteolytic en-
zyme actinidin, which has been promot-
ed as a meat tenderizer. For many years
the economics of the production of acti-
nidin were not considered favourable.
Part of this pessimism was due to strong
competition from widely available prod-
ucts such as papain, which one author
estimated is available for one third to one
half the cost of producing actinidin®¢. De-
spite the pessimism, as the mode of ac-
tion of the proteolytic activity has become
better understood, niche uses for actini-
din has meant that the enzyme is now
manufactured by New Zealand Pharma-
ceuticals Ltd, to a food grade quality. A
host of other enzymes from kiwifruit have
been studied, mainly in relation to post
harvest treatment. None of the other en-
zymes in kiwifruit have re



ceived the same level of commer-
cial attention as actinidin.

Pectin and vitamin C production from
kiwifruit have also been considered, but
the pectin was not sufficiently distinct from
other fruit pectin to warrant development.
Animal feed and landfill must surely be
the methods of last resort for disposing of
kiwifruit wastes. Minimally processed
food provides a new paradigm for kiwifruit
processing and this offers a new avenue
for fruit producers.

One use not considered to date but
which may be worth investigating is the
use of kiwifruit pomace as a mushroom
compost ingredient. Trials on apple pom-
ace have proved successful.'” Minor
products such as aroma products?®, en-
zyme inhibitors and cell wall components
are of research interest currently but may
expand in the future.

Two other kiwifruit vine products de-
serve attention although these are not re-
lated to the fruit. These are kiwifruit muci-
lage and kiwifruit pollen. Kiwifruit muci-
lage is the polysaccharide exudate pro-
duced from pruning wounds. Its use as a
lubricant has been touted. Kiwifruit pollen
also offers potential as a novel, natural
health product related to its free radical
scavenging and other activities. Commer-
cial development is still awaited.*®

Conclusion

In summary, biotechnology is playing a
significant role in the New Zealand econ-
omy and contributing to the well being of
New Zealanders. There are two biotech-
nology industry groups in New Zealand,
which promote biotechnology; the NZBA
(www.biotech.org.nz) and Biotenz
(www.biotenz.org.nz).

The New Zealand government has
been increasingly involved with biotech-
nology by reorganizing its science and
technology funding, establishing an In-
dependent Biotechnology Advisory
Council, and setting up a Royal Com-
mission of Enquiry into Genetic Modifi-
cation. The New Zealand Government
controls genetic modification through its
Environment Risk Management Author-
ity. Biotechnology and natural products
are a significant and rapidly growing in-
dustry in New Zealand, and take advan-
tage of New Zealand's traditional strength
in agriculture and its rich biodiversity.
New Zealand is well placed to benefit
from the biotechnology revolution.
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