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understands very well the clamour around his specialist
subject. “Everything to do with food is very trendy and
very fashionable,” he says. “It happens because we all
eat, we are all experts, we all have opinions. What is
important is to have an informed debate.”

That means rigorous research, although new nutrition-
related findings often won’t be relevant to all population
groups. “There are so many shades of grey,” says Breier.
“Some of the things portrayed by the media sound like,
‘Eureka! We’ve found the holy grail of this or that’. It’s
not like that really.”

Breier is internationally recognised for his work on
metabolic health and the long-term consequences of
maternal nutrition during pregnancy. Locally, he has
been a principal investigator for the Gravida National
Centre for Growth and Development (a government-
funded Centre of Research Excellence) for more than
10 years. His career has been driven by his interest in
how enhanced nutrition and other lifestyle factors can
make for more productive and happier lives.

It’s important work. The benefits go beyond the
wellbeing of an individual, with economic studies proving
the increased productivity of a healthier population. An

intervention in childhood or even before birth can change
an individual’s health ‘trajectory’, leading to a greater
chance of a higher income later in life.

The demand for ‘answers’ is high, but Breier is reluctant
to recommend or warn against particular foods that
won’t affect everyone in the same way. And the ‘hot’
topic of obesity is one he’d rather discuss in other terms
entirely. “Of course it is an important topic; a large
number of people are affected,” he says. Everybody talks
about it, “because it is something you can see, we have
ideas about it. But that’s only the surface. What’s really
behind that is to do with metabolic health, or the ability
to utilise energy”.

While much of his work over the years might be
described as obesity research, he prefers not to call it
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that, “because it’s not about what we can see, it’s about
the functioning”. People become obese for different
reasons and experience different outcomes. Some
pathways to obesity are genetic, others ‘epigenetic’,
meaning that environmental influences, such as diet in
early life, have changed how genes express themselves.
Then a range of social and socio-economic factors comes
into play. “So the concept of obesity from a health
perspective is often not helpful in terms of the underlying
ill health.”

The different ways of becoming overweight or obese
call for different solutions, but Breier identifies the
underlying issue as one of metabolic ‘flexibility’, a topic
that he and his Massey colleagues have studied and
published on at length. “It is really defined as the ability
to use and switch from one body fuel source to another,
and the body’s ability to alter its utilisation of stored
energy.”

When someone who is ‘metabolically flexible’ exercises
in the morning while their blood sugar is low, they will
burn energy stored as fat. Someone who has type 2
diabetes and is overweight will not access that energy
efficiently. On eating, a ‘metabolically inflexible’ person
cannot use sugar in the bloodstream efficiently and it is
instead turned into fat.

“That’s the vicious cycle,” says Breier. “And why the
concept of metabolic flexibility is so helpful.”

Happily, there are ways to improve that metabolic
performance, sometimes by increasing the consumption
of protein or by adopting a ‘low-GI’ (glycaemic index)
diet and eating more vegetables. Regular physical activity
and cardiovascular fitness can be a huge help; increased
muscle mass means that even when someone is sleeping
they are burning more calories. “You can train yourself
to be more metabolically flexible,” Breier says. “The
powerful thing about that approach is that the individual
is in charge of their own destiny. It is a matter of having
a concept that gives people something to work with
rather than being helplessly caught by something that
is called our ‘obesogenic environment’.”

Breier is also excited by novel Massey research into
sweet-taste perception and its relation to food choices
and eating behaviour that influence metabolic health.
He points to emerging evidence that “taste perception
is thought to be the strongest driver of food selection”.
Different people detect sugar at different thresholds
and researchers are also looking at the relationship
between ‘hedonic preference’ - the sugar concentration



people prefer - and metabolic health. The concept
reaches back to the beginning of life, with evidence that
babies may develop taste preferences even in the womb,
where some are exposed to higher levels of sugar in
mothers’ amniotic fluid, a common finding in gestational
diabetes.

Another important field of study is the role of nutrition
and exercise in supporting cognitive function later in
life. Maintaining metabolic flexibility has been proven
to help slow the rate of cognitive decline in ageing.
Breier: “If you go to a gym to lose bit of belly fat, that’s
one thing, but keeping your brain sharp? That’s a big
motivation.” Similarly, a healthy diet, eating low-GI
foods, more vegetables and omega-3 fatty acids, can
contribute to maintaining brain function. “It’s an area
in which we have got a very strong interest,” says Breier.
“What are the active ingredients in plants and food that
have positive effects on brain function?” Polyphenols,
found in many fruits and vegetables as well as red wine
and green tea, are one fertile area for study among
scientists aiming to support cognitive function.

A dietrich in omega-3 - found in oily fish such as tuna
and sardines and in marine algae - has been proven by
just-completed research at Massey to improve how
blood sugar is used in the body. Breier uses an engine
analogy to describe the effects: “It’s like using the right
fuel and having a good tune-up”.

Breier predicts that the next couple of decades will bring
sharply increasing numbers of new food products with
enhanced nutritional qualities. “Work is going on
worldwide. That kind of research has got the potential
to make a very big contribution to improving our health,”
he says. With Massey celebrating 50 years of work in
food science, Breier acknowledges the unique partnerships
that have developed between different disciplines within
the university, with nutritionists and food engineers
having the opportunity to devise foods for different
needs. “We can use the knowledge of food engineering
to generate food that is healthier and very acceptable
to distinct population groups worldwide, and it doesn’t
need to be expensive.” In an example to which any
cereal-lover can relate to, he cites work on reducing the
amount of sugar used in breakfast products to add crunch.
Helpfully, “there are other ways of generating crunchiness”.

Research such as that on sweetness sensation can feed
into health, dietetic and food engineering projects, to
everyone’s benefit. “This is the multidisciplinary nature

of work in our college, which makes it so fascinating
and so powerful,” Breier says. “That’s the beauty of
Massey University. I can just walk next door and say
‘What do you think about this?’”

Locally and more immediately, he’s similarly enthusiastic
about the College of Health’s new involvement in a
school-lunch programme in South Auckland, run by the
Feed the Need charity. Not only are university experts
able to offer nutritional analysis and advice, the programme
also offers them the opportunity to educate children,
teachers and parents, and to study outcomes. “This
programme will bring not only food but also nutrition

knowledge,” he says. “The impact will be far bigger than
just delivering food to school.” At least one dietetics
student will study the programme as their Masterate
research project.

“It’s a very good example of what the essence of the
College of Health is all about,” says Breier. “Going into
the community, having an impact, and engaging in such
a way that disease is prevented and health enhanced.”
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hat is New Zealand’s

largest export product?

Is it milk powder?

Wine? Kiwifruit? Ask
Professor John Bronlund of the School
of Engineering and Advanced Technology
and he may offer you a contender you
haven’t thought of: cardboard. Be it
apples, kiwifruit, meat, cheese, butter
or wine, most of the goods on which
New Zealand’s export income depends
travel in cardboard boxes, many millions
of them.

These ‘C-flute corrugated paperboard
cartons’ have been around for a while.
Corrugated paper ‘cardboard’ is a product
of the 1850s, the pre-creased-and-cut
carton was devised in the 1870s, and
from about 1910, corrugated paperboard
cartons began to replace wooden crates
and boxes.

The design of the early cardboard
boxes would have been by guess and by
God, says Bronlund. Manufacturers
learned as they went along, making
incremental improvements. The cardboard
box of today is the product of descent
with modification.

Is the design of current boxes optimal?
These days there is a body of science to
back up experience. Fed variables such
as the height and circumference of a
box and the thickness of the cardboard,
the McKee formula devised in 1963 can
be used to estimate the compression
strength of a box, and from time to time,
says Bronlund, a PhD student might
choose some particular design of box
for their research topic.

“Generally what they get after three
years is a fairly complex model that tells
them how that one box design performs.
Maybe the model will tell them how to
tweak the design slightly, or tell them
why it fails or behaves the way it does.
But no-one ever asks how you would
approach things if you could start afresh.
Everything is just a slight modification

of what’s already there. It could be that
evolution is the ultimate way of getting
agreat solution, but no-one really knows.”
Bronlund and Senior Post-harvest Scientist
Andrew East are setting out to change
all that.

Funded by a $5.1 million Ministry of
Business, Innovation and Employment
grant and working in close partnership
with industry, the two are developing
computer-based modelling tools to assist
in the design of ‘better packaging
solutions’. Set the properties of the
product to be carried, be it fruit, meat
or cheese, and the tools will optimise a
box design to fit the purpose.

How hard can designing that perfect
cardboard box be? Harder than you
might think. Consider the export apple
industry, a product that earned New
Zealand $340 million in 2012, in part
because New Zealand apples command
a reputational premium.

The apples inside the cardboard box,
sitting on what are known in the trade,
as ‘Friday trays’ are still very much
alive. They are taking up oxygen,
converting sugars and starches to water,
carbon dioxide and heat. They are
transpiring water - water that cannot
be replaced - into the surrounding
atmosphere.

Once the apple has been picked, says
East, the first thing to do is chill the
fruit, slowing its metabolism, enabling
storage for long periods and transport
to export markets. Cooling can be done
after the fruit has been packed, in which
case the packaging needs to promote
the dissipation of heat.

At the same time, the exporter wants
packaging that will help the apple to
retain its moisture content. “Losing
moisture leads to the fruit shrivelling
and it cuts the yield as well. If you lose
3 percent of the weight of your fruit,
you lose 3 percent of your sale revenue,”
says East.

Ideally, the conditions at the centre of
a pallet of apples should be the same as
those at the outer edges, otherwise there
is a risk of delivering a pallet of product
of mixed quality.

Then there is the matter of how to fit
as much fruit as possible into a shipping
container or ship’s hold. The more the
fruit, the lower the costs, the greater the
profit.

There is the matter of structural strength.
The box at the bottom of a pallet has to
support its own contents and the weight
of the entire pallet above it.

To complicate matters, most cartons
are now required to double as retail-ready
packaging - packaging perforated and
printed in such a way that it can be turned
into an attractive retail display with no
need for the fruit to be handled again.

Finally there is the question of balancing
the performance of the packaging against
its cost.

Bronlund and East’s modelling tools
will allow hundreds of designs be tested
and appraised, the process taking days
rather than, as at present, years. They will
identify optimal designs.

A formal alliance with the packaging
industry will then let them put together
short runs of the proposed packaging to
see if the boxes perform as predicted.

Does a cardboard box even have to be
box-like in aspect? For some applications,
says Bronlund, asymmetrical packaging
may make sense, promoting airflow
between the cartons.

Such is the scale of the packaging
industry that comparatively tiny innovations
could lead to major cost savings, and
Bronlund foresees a potential profit stream
from the export of intellectual property.

Not to mention that other, less tangible
benefit, that someone, somewhere - perhaps
in Europe, Japan or China - is enjoying
the best of New Zealand produce. A tender
cut of meat. A juicy kiwifruit. A sweet,
crisp apple.
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they would mix, in terms of the theories of chemical
engineering.”

Could the stomach be acting as a stirred reactor?
Not, he found, if it relied, as does an industrial stirred
reactor, on producing turbulent flow.

“In order to induce turbulence in the stomach of the
kangaroo [I found that] the muscle would have to
contract at the speed of light.”

Lentle now began measuring the qualities of the
digesta as it travelled through the gut.

The members of the digesta team. Left to right: Professor Roger Lentle, technician Corrin Hulls
and senior lecturer Dr Pat Janssen. Absent is anaesthetist Dr Paul Chambers of the Institute of
Veterinary and Animal Biomedical Sciences.

Lentle’s particular interest is in the changing rheology
of the digesta - its characteristics of deformation and
flow. For most of its life, your digesta is a non-Newtonian
fluid. This means that unlike water, its major constituent,
its viscosity does not remain constant.

“From a physics point of view you are dealing with
a suspension of particles,” explains Lentle, “and that
brings problems with pumping, as any chemical engineer
will tell you.

“Some suspensions of particles will lock up when
you pump them - they shear thicken. The more you
apply shear to them, the thicker they get and bang,
they block up solid.”

‘Shear’ is the sideways force you apply when you,
say, run two surfaces across one another.
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In fact, he says, fortunately for our digestive health,
our digesta is pseudoplastic: instead of thickening it
shears thin; alongside the gut wall the particles seem
to line up under shear stress and they slip more easily.

But there is another problem: once the digesta starts
to thicken — to become more of a particulate aggregate,
as Lentle puts it - how does the gut circulate it in a
fashion that allows it to add enzymes and fluids and
take up the remaining nutrients?

“You look at the digesta in the terminal ileums of
most animals and it is the consistency of treacle.”

The answer, he has found, is that it does not. Instead,
the gut compresses the springy mat of the digesta,
forcing the nutrient-rich liquid to the sides of the gut,
and then, as the gut relaxes and expands, the nutrient-
depleted but now secretion-rich liquid is taken back
in; a process rather like squeezing and releasing a
kitchen sponge. “From the literature I have a fair idea
of the pressures that are developed inside the bowel,
so you can work out whether there would be significant
extrusion of the liquid during compression.”

The extruded liquid in turn lubricates the movement
of the digesta.

Lentle goes hunting through his computer files and
brings up a video of a long windsock of gossamer-like
tissue against a jet black background. This is part of a
possum’s small intestine, the ileum. Suspended in a
mix of nutrients, it is still living and - as a waft of
motion along its length shows - still functioning,
pumping through the guar gum mix it has been fed.

This was the next stage in Lentle’s journey. Having
established the properties of digesta, and in the process
having shown that the mechanisms put forward by
others could not work, he would try to find out what
was happening.

Normally the processes of digestion are investigated
by introducing a dye tracer into the digestive system,
either with food or, using various processes, into
different parts of the gut. But these methods have
limitations: you cannot see what is going on where.

The method Lentle has chosen has been analysing
the workings of actual organs ex vivo, maintained living
within the laboratory. All at once the hidden is made
visible, and there is another advantage: removing an
organ from the body also removes the noise that comes
from sympathetic and parasympathetic nervous systems.
No longer is the organ responding to diurnal or nocturnal
rhythms. No longer is it reacting to stress. And because






the guar gum mixes that are ‘fed’ to it are devoid of
nutrients, another feedback mechanism is eliminated.
In Lentle’s words, this is the engine idling smoothly.

Because no one animal has a digestive system
equivalent to our own, Lentle has picked and mixed.
The possum ileum is the nearest practicable analogue
he could find to the human equivalent in the small
intestine. In place of a human stomach he has chosen
rat, and in place of the human colon or large intestine,
rabbit. “You get as near as you can.”

How does the digestive system move digesta? Although
it may look inert - an inelegant assemblage of bags and
tubes - the digestive system is highly muscular. The
stomach, for example, far from being a hold-all is better,
in functional terms, viewed as three organs, each of
which exerts a particular physical effect: breaking up
solids, pumping digesta and constricting flow.

The more pipe-like lengths of the short and long
intestines are also muscular. Here the muscle comes
in two layers: radial muscles running around the
diameter of the intestinal wall and longitudinal muscles

A section of living possum intestine is being directly observed in a tank simulating normal
conditions in the body.

running along its length. The two layers work in rippling
concert, the radial muscles opening and closing the
diameter of the intestine and the longitudinal muscles
shortening and then relaxing to propel their contents
onwards. This rhythmically choreographed flow of
extension and contraction is called peristalsis.

Lentle is not the first researcher to have observed
digestive organs at work outside the body. But he is
among the few to have monitored what happens when
these organs are fed solutions that approximate real
digesta in their viscosity.
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Many physiologists have, for example, used a solution
of salts and glucose when investigating the workings
of the stomach. “That’s fluid water; not at all like what
you see on the pavement on a Saturday night,” he says.

His approach to analysing what he sees is also novel.
“The way we do the looking is frontier stuff.”

High-definition video records the organs in action,
the individual video frames are computer analysed and
the results are compiled into a time sequence.

When analysing the action of the possum ileum, for
example, one analysis measures the pixel distance
between the walls of the ileum, while another measures
the pixel distance between the vertical lines of feeder
blood vessels - the vascular arcades - that intersperse
the ileum. These two sets of measurements taken along
the length and breadth of a section of ileum are then
visually represented by shaded pixels: white for the
maximum extension, black for the minimum, and
intermediate shades for the measurements in between.
Chemical engineer Dr Pat Janssen wrote the computer
algorithms used for the spatiotemporal mapping system.

Lentle’s work (the spatiotemporal mapping) shows
that even in the absence of peristalsis, the muscles of
the intestinal wall are in constant movement, see-sawing
between the action of the radial and longitudinal
muscles, exerting shear stress to liquefy the sides of
the digesta where it meets the mucus boundary of the
gut.

This ‘fast phasic activity’ has never been observed
before.

Of what practical use is all of this? How can the
rheometric qualities of what we eat be used to our
advantage? Lentle gives the example of guar gum, the
same soluble fibre he uses to feed his ex vivo organs.
Guar gum has almost eight times the water-thickening
potency of corn starch and is poorly digestible.

“A guar gum tablet has no nutrient content and yet
it can be used to affect the glycaemic index [GI] of food
quite profoundly. If you take a guar gum tablet after
having consumed a sugary drink, your body’s sugar
uptake will be slowed,” he explains.

“So the USDA [United States Drug Administration]
allows the prescribing of guar gum for the treatment
of diabetes.

“If you tinker with the physics, you can manipulate
how much sugar, how much fat or how much cholesterol
you soak up. Our understanding allows you to tinker
intelligently.”



How so? Say you want to thicken the digesta in the
small intestine. Normally the stomach - the guardian
of rheology as he terms it - will hold back thick material
until it has been heavily diluted. But by understanding
the way the system functions, you can set about fooling
it.

“You can take something like guar gum and add
another polymer to it, perhaps maltodextrin. When
the viscous solution of guar gum mixes with the
maltodextrin, the two polymer strands interact and
the solution becomes a watery drink.

“The stomach interprets this as a liquid and pumps
itinto your small intestine, where an enzyme, pancreatic
amylase, chops up the maltodextrin molecule leaving
a thick, treacly, undiluted solution of guar gum.”

A number of diseases can afflict the small and large
intestines. Ulcerative colitis, for example, is a chronic
digestive disease characterised by inflammation of the
colon.

One ulcerative colitis treatment is the drug Pentasa
(mesalamine), but in order for Pentasa to make it to
the colon it must first avoid being absorbed in the small
intestine. Lentle’s understanding of the physics of
digestion may allow more of the drug to reach its target.

Another disease that may lend itself to treatments
that employ the physical properties of digesta is
diverticulitis, a common disease of the large intestine.

Here the digesta has become much thicker, and,
unlike in the small intestine, where peristalsis is more
continuous, periodic mass movements help propel the
contents from the large intestine through the colon to
the rectum.

“Diverticulitis is generally seen as a problem where
the pressure inside the cavity of the colon gets so high
that it causes these little blowouts, rather like the
blowouts through the wall of a tyre,” explains Lentle.

“We know that in some way this is related to the
character of the material. If you add inert fibre you can
introduce changes to consistency. We know that people
with high levels of fibre in their diets are less prone to
diverticulitis.”

The fibre causes ‘intestinal hurry’. “When you get
intestinal hurry the colon doesn’t have as much time
to absorb the water, so the stool becomes more liquid.”

The equation seems to be more liquid stool means
less pressure means less risk of diverticulitis, he says.

And it is the physical form of the fibre that seems to
matter. Lentle cites a study in which volunteers were
fed quantities of inert plastic, either in the form of tiny

The Physical Processes of Digestion
Roger Lentle & Patrick Janssen, Springer, 2011

spheres or as milled flakes. The milled flakes reduced
the transit time of digesta; the spheres made no
difference.

Back in the hard times of evolutionary history, humanity
acquired certain tastes. Although they may not be good
for us in our now more sedentary existence, rich, sweet,
fatty, processed foods are what we like. Little wonder
that many of our modern-day afflictions have a dietary
connection: obesity, diabetes, heart disease.

Lentle proposes that

once you understand the
physiological processes of
digestion and intestinal
function, you should be
able to use nutritionally
inertingredients to engineer
so-called functional foods
that produce desirable
effects.

These include everyday
foods that manage the
difficult trick of both

pleasing the palate and
being good for us, and specialist products that address
particular medical conditions or cater to the needs of
particular populations, such as sports people, infants
or the elderly.

Science writers are fond of rhapsodising about the
miraculous workings of many other organs of the body:
the 100 billion neurons in the brain, the 2.5 billion
times the heart beats in an average lifetime, the immense
biochemical complexity of the work of the liver, but
relegate the stomach and intestines to the supporting
cast. It is time to reassess.Hll
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Work by the digesta group could lead to better,

t began unexpectedly. Sarah had always had a sensitive
stomach. But in her 20s, while she and her partner
were shifting house, she began suffering occasional
debilitating abdominal pain for no apparent reason.
Perpetually tired, losing weight, scared and sick, she
was prescribed a battery of tests. A colonoscopy and
endoscopy showed a digestive tract cratered with sores
and ablood test confirmed the diagnosis. Crohn’s disease.

Sarah is not alone. Around 15,000 New Zealanders
suffer from one or other form of inflammatory bowel
disease (IBD), with ulcerative colitis (which affects the
large colon) and Crohn’s disease (which can affect any
part of the intestinal system) the most common conditions.

Sarah is the victim of her own immune system, which,
perhaps prompted by an unknown environmental trigger,
has turned against her.

For most of us, inflammation is a healthy response to
a foreign substance or pathogen; when the substance is
gone, so is the response. But in Sarah’s digestive tract
the inflammation lingers. Eventually, left untreated,
Crohn’s disease will damage the delicate walls of the
intestinal tract.

As yet there is no known cure. The aim of treatment
is to keep the patient in perpetual remission, says
Professor Lentle, who before choosing a career in research
practised as a clinician. “You end up treating the person
with drugs like Salazopyrin or sometimes even steroids,
the sorts of thing that damp down the immune response.
What the clinician wants to know is, have I got it under
control? Has the permeability of the gut returned to
normal?”

But how do you pick up the signs of a flare-up in the
making? Colonoscopies are awkward. X-rays are
cumulatively hazardous. But there is a relatively simple
and pain-free diagnostic test. It relies on the gut’s
permeability to sugars.

For a long time it has been known that inflammation
makes the bowel lining more permeable to larger
molecules and that this permeability can be used as an
index of inflammation. But most of the molecules that
make their way across the bowel lining into the blood-
stream do not stay there for long and are difficult to
measure: they are swiftly metabolised or stored by organs
like the liver.

There are, however, exceptions. Some sugars, such as
mannitol (technically a sugar alcohol) and lactulose, a
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synthetic sugar, cannot be digested or metabolised and,
if they make their way across the lining, are soon expelled
in the urine. Mannitol is a monosaccharide, a sugar small
enough to transit, like glucose, directly through cells in
the gut wall. Lactulose, on the other hand, is a disaccharide
(a pair of linked monosaccharides), making it a sugar
that is too large to transit the cells directly and must
instead make its way through the pores situated in the
tight junctions between cells - pores that enlarge in an
inflamed gut.

In the standard sugar absorption test, the patient is
given an oral dose of a set ratio of lactulose and mannitol
and a urine sample taken after a standard period of time
is analysed for its concentrations of the two sugars.
“There is an index called the lactulose/mannitol ratio,”
explains Lentle. “The proportion of mannitol in the
urine sample would be taken as telling you something
about the size of the internal surface area of the intestine,
and the proportion of lactulose would tell you about the
degree of inflammation.”

In a normal gut mannitol should diffuse easily from
the gut to the bloodstream, while lactulose should be
largely excluded by the narrow pores. In a healthy
subject, the ratio of lactulose to mannitol might be
anywhere from 1/50 to 1/100. Hence for diagnostic
purposes, an elevated ratio of the normally poorly
absorbed lactulose to the readily absorbed mannitol
is an indication of an inflamed bowel. Low levels of
both sugars might be taken to mean that the gut is
performing poorly at absorbing nutrients. Elevated
levels of both sugars would support a diagnosis of
‘leaky gut’ syndrome.

Butalthough the test is useful, much of the fundamental
science behind how the test relates to the physiology of
the gut has, until now, been unclear. How do the results
of the test vary with the interval between ingestion and
urination? And in a related question, where in the
intestine are the two sugars being absorbed? Are there
different sites for different sugars? How precisely does
inflammation affect the uptake?

In 2013 Lentle’s group conducted a double-blind study,
led by postgraduate student Ivana Sequeira. Twenty
healthy young women were given a 600-milligram dose
of aspirin, which is known to induce gut inflammation,
followed by a dose of the sugars mannitol, rhamnose
(another small monosaccharide that has widely been

Sequeira IR, Lentle RG, Kruger MC, Hurst RD, Differential trafficking of saccharidic probes following
aspirinin clinical tests of intestinal permeability in young healthy women. Clinical and Experimental

Pharmacology and Physiology 2014; 41:107-117.

Far left: Study leader, postgraduate student Ivana Sequeira.

less intrusive tests for inflammatory bowel disease.

regarded as interchangeable with mannitol) and lactulose,
and urine samples were taken every half hour.

The group found that the time distribution of the peaks
of the different sugars in the samples show that various
segments of the gut are more or less permeable to different
sugars; that rhamnose and mannitol have, in fact, quite
different absorption profiles; and that one of the standard
assumptions - that a decrease in the absorption of
monosaccharide sugars in IBD sufferers is due to the
destruction of delicate infoldings called villi lining the
gut wall - is not necessarily right. Healthy volunteers
dosed with aspirin display exactly the same effect.

The resulting paper has been lauded by the journal
editor as “a good example of how solid clinical physiology
studies should be planned, paving the way for valuable
improvements of existing methods to benefit both
patients and clinicians”.

Beyond the 15,000 New Zealanders who have IBD,
the group’s work on the absorption of sugars could have
much wider implications for the 225,000-and-counting
New Zealanders who suffer from diabetes and the
million-plus-and-counting who are obese.

Check the food labels on many of the food products
on your supermarket shelves and you will find the GI
given as a guide to planning a healthy diet. This is a
measure of the rate at which the carbohydrates in the
food are broken down into glucose and absorbed from
the gut into the blood. In high-GI foods this happens
swiftly, causing your blood glucose level to rise rapidly.
In low-GI foods, the carbohydrate is digested slowly,
resulting in a more gradual rise in blood glucose. Low-GI
foods will give a longer-lasting feeling of satiety and they
avoid the insulin spikes and troughs that may predispose
people to diseases such as type 2 diabetes. Using the GI
you might choose to breakfast on porridge with a GI of
55, rather than cornflakes with a GI of 93. (Pure glucose
has a GI 0f 100.)

To arrive at a food’s GI measure, 10 test subjects fast
for 12 hours before eating 50 grams of the food in question,
and their two-hour blood glucose response is assessed.
But like the sugar absorption test, the GI test lacks
nuance. Where in the gut is the glucose absorption
happening? Given that excess glucose is constantly being
mopped up by the liver, is blood glucose the best measure?

The work of Lentle’s group could lead to better, more
precise tests and the design of healthier foods.
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Why are some of us fat and some lean?
Using the BOD POD and the PEA POD, Massey’s Institute of Food, Nutrition and

From top: Associate Professor Jane Coad with full-size
POD. Researcher Louise Brough with her son Barney test
the PEA POD in preparation for the Little Peas: Mother
and Baby Study.
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Human Health seeks answers.

ooking, for all the world like the

suspended animation capsules in

one of the Alien movies, the BOD
POD and its smaller cousin the PEA POD
are two of Associate Professor Jane Coad’s
workaday tools.

The PODs use the displacement of air
to measure the body volumes of the people
who sit or lie inside them. From the weight
and volume measurements the PODs
calculate percentage body fat. According
to the annual New Zealand Health Survey,
in 2012 almost one in three New Zealanders
was obese. But what does ‘obese’ mean?
For epidemiological purposes, the measure
is Body Mass Index (BMI), which is arrived
at by dividing an individual’s body mass
by the square of their height. The threshold
for obesity is set at 30 kilograms per square
metre.

But when it comes to the individual,
BMI is a famously flawed measure. Many
All Blacks would register as obese using
BMI as the measure, when in fact their
physiques are dominated by muscle, not
fat, while many individuals who sit within
the normal BMI range have a high fat
mass. TOFI - thin on the outside, fat on
the inside - to use the joking acronym.
The PODs, on the other hand, do not lie.

At Massey, the PODs have been used
to further a number of studies. One such
study looked at how the composition of
women’s bodies changes in the wake of
pregnancy. Evolution, says Coad, has
provided for women to accumulate a
store of fat during pregnancy that can
be drawn on during breastfeeding in
times of scarcity. (Lactation is more

nutritionally demanding than pregnancy.)
But most well-fed western women, she
says, can breast feed without drawing on
these reserves and the fat tends to linger
unless a conscious decision is made to get
rid of it, perhaps through diet or exercise.

If another pregnancy follows soon after
the birth - and in recent times many
women have chosen to delay childbearing
and to then have children in close succession
- losing that weight becomes still more
difficult.

Coad has found that sometimes the
BOD POD and her research subjects tell
quite different stories. When she and her
collaborators asked women about how
active they were, many said they were
highly inactive: they had other small
children and no time for the gym. But
those other small children in fact meant
constant activity, and this was visible in
body composition.

In another study the PODs are being
used to look at the links between bone
health and body composition. Here the
general supposition is that being heavier
has its benefits, cushioning the body
against falls and, by providing a certain
amount of helpful stress, building stronger
bones. But, militating against this, abdominal
fat is associated with the production of
the small proteins called cytokines, creating
a constant low-grade inflammation that
has the potential to damage cardiovascular,
metabolic and musculoskeletal health.

For an upcoming ‘Little Peas: Mother
and Baby Study’, Coad is recruiting 100
women in the later stages of pregnancy
in order to look at the relationship
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Feeling constantly tired? You

It is one of the most ubiquitous
elements on Earth - the fourth
most common element in the
Earth’s crust - and we need very
little to get by. The average human
body contains around three to
four grams - about a teaspoonful
- and requires a miniscule top-up
daily.

Yetiron deficiency is the world’s

most common nutritional disorder,
affectingabout 20 to 25 percent of the world’s population,
predominantly children and women, and assessing and
addressing iron deficiency is one of Associate Professor
Jane Coad’s abiding interests.

“It’s fascinating. I find iron...” she pauses, searching
for a word, “elusive.”

Itisiron’s propensity for exchanging electrons with
other elements that makes it essential. This propensity
makes it key to oxygen transport and metabolism.
Two-thirds of the body’s stores of iron are embodied
in the iron-containing protein haemoglobin, which
transports oxygen in the blood.

(On the other hand, in oversupply iron can be
dangerous, pillaging the electrons from other atoms
and creating free radicals - a short-lived family of

Some signs of iron deficiency anaemia

feeling tired and weak

poor work or school performance

slow cognitive and social development in children
difficulty maintaining body temperature

greater susceptibility to infection

glossitis (an inflamed tongue)

Recommended dietary allowances for iron for infants
(7 to 12 months), children and adults

Age Males Females Pregnancy Lactation
7to12months  1img 1img
Tto3years 7mg 7mg
4to8years 10mg 10mg
9to13years 8mg 8mg

14to18 years 1img 15mg 27mg 10mg

19to50 years 8mg 18mg 27mg 9mg
Sl+years 8mg 8mg

Source: United States National Institutes of Health
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may have an iron deficiency.

compounds that damage cells and DNA. So the body
has developed mechanisms for regulating iron uptake
and for storing any excess out of harm’s way.)

Someone deficient in iron will produce fewer red
blood cells or have lower levels of haemoglobin. The
symptoms of this iron anaemia include fatigue and
slow cognitive and social development during childhood.

And even relatively mild deficiencies may still exert
effects, says Coad. “There is a hierarchy. If you’ve not
got enough iron for everything, you will have enough
iron for red blood cell production, so the level of
haemoglobin won’t fall, but some other functions will
be compromised. People do not function or feel at
their best.”

Athletes, adolescents, children, reproductive-age
women and blood donors - who should be careful to
allow an adequate interval between donations - are
groups who should pay particular attention to their
iron status.

Iron deficiency ought to be an easy enough problem
to fix, one might think. Consume more iron. But it
isn’t quite that simple. The form in which it is consumed
matters. The iron in breast milk, for example, is much
easier to take up than the iron in dairy-based formula
milk, and the haem iron (haem as in haemoglobin) in
meat (which contains both haem and non-haem iron)
is easier to absorb than the non-haem iron in vegetables.
Vitamin C improves the uptake of non-haem iron as
does an unknown factor in meat, while calcium
(another essential element) and some proteins inhibit
it. These associations are well documented.

Yet when various studies have attempted to improve
iron status by, say, increasing the intake of vitamin C,
the results have generally been disappointing. On
Massey’s Albany campus, dietitian Kathryn Beck
favours a whole-diet approach. “We don’t eat individual
foods in isolation, but in combination. We need to
look at the sum of the foods people eat.”

A study conducted by Beck and her Massey colleagues
Rozanne Kruger and Cathryn Conlon looking at the
association between iron status and diet in 404
Auckland women found that a meat and vegetable
diet (beef, chicken, broccoli, carrots, capsicum and
lettuce) reduced the odds of a suboptimal iron status,
while a milk and yoghurt diet (milk as a drink, milk
in food and yoghurt) raised them, and that it may be
better to consume milk and milk products between
meals. I
























filmmakers, the societal and cultural
backdrop was unexplored.

New Zealanders have long loved the
movies. In 1917,550,000 New Zealanders
went to the pictures each week, and in
1960 the average New Zealander went
to the movies 17 times a year. But the
cultural relationship with film has been
acomplicated one, an interplay of national
identity (for many decades New Zealanders
viewed themselves as better Britons),
morality, politics and snobbery - both
the conventional and the inverse kind.

Let aletter to the Otago Daily Times in
1921 give the flavour.

Sir, On more than one occasion |
have written to you condemning
immoral, debasing kinema (sic)
shows in our town. Two or three
months ago | went to the American
dramatisation of Dr Jekyll and Mr
Hyde and came away with the
intention of writing to you again,
but could not find decent English
words to express my feelings. Such
an abominable travesty of the story
by our beloved Stevenson,
introducing long drawn out sensuous
music-hall scenes that have no
part in the original at all.

Had sound arrived - as it would in
1928-29 - the writer would have had
something to say about American accents
as well.

But there was also, from early on, a
small minority who were willing to treat
film as an art form in its own right. An
Auckland Film Society was in existence
in 1929, although the number of members
it had is unknown, and in 1933 film
societies came into existence in Dunedin,
Christchurch, Wellington and a number
of smaller centres. The Wellington Film
Society held its inaugural screening in
April 1933, only shortly thereafter to find
itself prosecuted for showing the
uncensored Soviet film, The Road to Life.

An examination of the problems of
rehabilitating delinquent and unemployed
orphans in the wake of the civil war, The
Road to Life was hardly salacious fare and
Soviet cinema, says Sigley, had particular
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Above, clockwise from top: The cover of the Wellington
Film Society’s 1972 season brochure; a view of the censor
in the Auckland University literary journal Phoenix, 1933;
logo created for the Lido Cinema in 1962.

merits for film aficionados, as a result of
its pioneering use of editing techniques.
Moreover, as a private society, the society
did notbelieve it was subject to the relevant
section of the Cinematograph Films Act
(1928).

But among the establishment, the fear
of communism was strong, and, as Sigley
writes, “This government of farmers was
unlikely to appreciate the cultural
pretensions of a film society who seemed
to think they could thumb their noses at

the common man by claiming to be exempt
from censorship standards that applied
to everyone else.”

The Wellington Film Society was
successfully prosecuted, and, writes Sigley,
“the nascent film society movement
brought to a limping halt”.

Perhaps the decision to prosecute also
tells us something about New Zealand’s
self-image. Even in the 1930s, New
Zealanders were an urban people - the
tipping point came in 1910 - but this was
not the way we saw ourselves. We were
hardy folk living on the natural frontier.

And this self-view remained in place
for decades. Witness the 1975 coffee table
book, The New Zealanders, says Sigley,
with its cover image of Colin Meads with
a lamb tucked under each arm. Or take
This is New Zealand, a film made by the
National Film Unit for Expo ’70 in Osaka,
Japan and remastered in 2007, which was
built around a sweeping series of aerial
panoramas set to the music of Sibelius.

“We do have this really powerful
identification with the land,” says Sigley.
Partly, he says, this is because we have
magnificent natural landscapes that touch
on the sublime, but it is also because we
lack the sorts of densely layered experience
to be found in the older cities of Europe.

“When I lived in France I didn’t want
to go into what they called the wilderness.
I wanted to be in Paris all the time. I
remember some friends prevailing on me
to go - because Parisians are forever
wanting to leave for the countryside - to
Normandy, for the wilderness experience,
and I was totally disappointed. The signs
of human habitation were everywhere
- and I just wasn’t getting the experience
of something primal that I get even when
I go into the Waitakeres, 40 minutes from
my back door. For me their real jungle
was the urban one, not their tame
countryside, not their landscapes that
have had people living in them for
20-something thousand years.”

Fortunately, these days we need not content
ourselves with landscape alone. Despite
its faltering beginnings, the New Zealand
film festival movement eventually prospered.
Led by Bill Gosden - one of the many









