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Zespri® Research
Introduction
Welcome to the Zespri® Scientific Pack, where you will find a high-quality body of evidence
on the nutrition and health attributes of kiwifruit. At Zespri® we believe in the integrity of
our product, and in order to build trust with our loyal consumers, we know the importance of
demonstrating the scientific efficacy of our kiwifruit.
This Scientific Pack provides authorities, health advocates and the scientific community with
an overview of evidence-based findings on the nutritional profile and health benefits associated
with consumption of kiwifruit, including underpinning fundamental science explaining the
mechanisms of observed outcomes. The pack includes current and emerging data in four core
areas:
• Nutrient Richness
• Digestive Health
• Vitamin C and Health
• Metabolic Health

Zespri® Scientific Activities
In 2008, Zespri® put in place a world-class health and nutrition research programme around the
health benefits of kiwifruit by joining forces with the Riddet Institute to form the Strategic
Research and Scientific Advisory (SRSA). The Riddet Institute is a New Zealand governmentfunded Centre of Research Excellence with a widely acknowledged international standing.
The main aims of the SRSA are to ensure that Zespri® research projects are independently
reviewed by experienced and respected scientists in the nutrition and health field. The projects
are considered for their fit with the overarching Zespri® Health Strategy and the SRSA also
reviews the scientific protocols and ensures that the research provider is the best science team
for the required work. The composition of the steering group has been carefully put together to
cover the range of activities that we are working on, such as laboratory-based research, animal
model research and human clinical trials.

5

Strategic Research and Scientific Advisory
Steering Group

Dr Juliet Ansell
DPhil (Oxon):
Innovation Leader Health
& Nutrition at Zespri
International Ltd

Dr Abby Thompson
PhD, BTech: Director of
Riddet Innovation at
Massey University

Lynley Drummond
BSc: Strategy, Innovation
& Science advisor
at Drummond
Food Advisory Ltd

Dr Jocelyn Eason
BSc, PhD, MBA: General
Manager Food Innovation
at Plant & Food Research

Professor
Richard Gearry
MBChB, FRACP, PhD:
Professor of Medicine at the
University of Otago

Distinguished
Professor Paul Moughan
BAgrSc (Hons), PhD, DSc,
Hon DSc, FRSNZ, FRSC:
Co-director of the Riddet
Institute at Massey
University

Dr Véronique Parmentier
BSc, PhD:
Global Health Marketing
Manager at Zespri
International Ltd

Professor
David Richardson
BSc, MSc, PhD, FIFST, FRSM:
Specialist Consultant in
Nutrition and Food Science

Carol Ward
General Manager
Marketing at Zespri
International Ltd
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Although all projects pass by the SRSA board for scientific merit and strategic fit, the ongoing
clinical trial project management and troubleshooting is carried out by a smaller team. This consists
primarily of Professor David Richardson, Professor Richard Gearry, Lynley Drummond and Dr Juliet
Ansell, with principal investigators for each country involved in protocol development and ongoing
trial management.

Figure 1. Overarching Zespri® Business Strategy

Research Provider
Engagement

Scientific Peer Review

Proposal sought by
Innovation Leader:
non-competitive.

Quarterly meetings
of the SRSA board
review on merit
and strategic fit.

Scientific Business
Approval
Bi-monthly review
of new projects for
financial approval
with consideration of
strategic priorities and
commercial return.

Zespri® has established a number of research partnerships in New Zealand and internationally,
who provide world class input into nutrition and health science.

Regulatory Relationships
Zespri® works in accordance to European Food Safety Authority (EFSA) guidelines and the
Australia New Zealand Food Standards Code and in conjunction with the Ministry for Primary
Industries, New Zealand.

International Research Partnerships
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Zespri® Kiwifruit Consistently Rank as One
of the Most Nutrient Rich Fruits
Kiwifruit is known as a nutritionally dense fruit based on the level of nutrients present (Table
1)1. With nutrient adequacy scores of 18.8 and 11.4, Zespri SunGold and Zespri Green kiwifruit,
respectively, have the highest nutritional value score among the most popular fruit varieties
(Breakout box 1; Figure 1). Kiwifruit are also relatively low in calories and consequently their
consumption is appropriate in weight control diets.

11

Table 1. Nutrient content of Zespri SunGold
and Zespri Green kiwifruit

Nutrient

Units/100 g
Edible Flesh

Zespri® Green*

Zespri® SunGold**

Proximates

Water

g

83.5

82.4

(EC) EU

†

Energy

kcal

81

79

(USDA) US

†

Energy

kcal

57

63

Protein

g

1.2

1.02

Total lipid (fat)

g

0.7

0.28

Ash

g

0.65

0.47

Carbohydrate, available

g

9.1

15.8

Fibre, total dietary

g

3

1.4

Sugars, total

g

8.8

12.3

Calcium, Ca

mg

27

17

Iron, Fe

mg

0.2

0.21

Magnesium, Mg

mg

N/A

12

Phosphorus, P

mg

34

25

Potassium, K

mg

300

315

Sodium, Na

mg

2.3

3

Zinc, Zn

mg

0.1

0.08

Copper, Cu

mg

N/A

0.151

Manganese, Mn

mg

N/A

0.048

Selenium, Se

µg

0.6

0.4

Vitamin C, total ascorbic acid

mg

85.1

161.3

Vitamin B1 - thiamin

mg

0

0

Vitamin B2 - riboflavin

mg

0.05

0.074

Vitamin B3 - niacin

mg

0.83

0.231

Vitamin B5 - panthothenic acid

mg

N/A

0.12

Vitamin B6 - pyrridoxine

mg

0.07

0.079

Minerals

Vitamins

Other

Vitamin B9 - folate (DFE)

µg

38

31

Choline

mg

N/A

1.9

Vitamin B12

µg

0

0.08

Vitamin A

µg

9

N/A

Vitamin A, retinol activity equivalents
(RAE)

µg

N/A

1

Vitamin A

IU

N/A

23

Vitamin E - a-tocopherol

mg

0.86

1.4

Vitamin K

µg

N/A

6.1

Carotene, beta

µg

54

14

Lutein + zeaxanthin

µg

NUTRIENT ADEQUACY SCORE

/100 kcal

NUTRIENT DENSITY
GLYCAEMIC INDEX

N/A

24

11.4

18.8

20

29.8

39

38

Sources of data
* Crop & Food Research, New Zealand Nutrient composition of New Zealand Zespri Green kiwifruit, 2015.
** Combined data from NVIG2010, Japan market analysis 2010 and ZESPRI analysis 2011.
†
There are a number of equations to calculate energy as noted by the European Commission (2014) and USDA (2009). The
first line in the table refers to the European Commission legislature that calculates energy as total carbohydrate plus fibre
http://ec.europa.eu/food/safety/labelling_nutrition/labelling_legislation/index_en.htm
The second line in the table refers to USDA legislature that calculates energy as total carbohydrate by difference minus
insoluble fibre http://www.fda.gov/food/guidanceregulation/guidancedocumentsregulatoryinformation/labelingnutrition/
ucm2006828.htm
Nutrient Adequacy Score and Nutrient Density calculated based on the methods of Darmon N, et al. A Nutrient Density
Standard for Vegetables and Fruits: Nutrients per Calorie and Nutrients per Unit Cost. J Am Diet Assoc 2005:105:1881-7
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Figure 1. Zespri® kiwifruit has the highest nutrient
adequacy score of commonly eaten fruits2

Zespri SunGold Kiwifruit

18.8
11.4

Orange

8.1
8.0

Nutrient adequacy score

Lemon

Blueberry

2.4
2.1

Watermelon

Cranberry

3.6
2.9

Grape

Banana

4.8
3.7

Melon

Strawberry

7.0
4.9

Pomegranate

Zespri Green Kiwifruit

Pear

2.1
1.8

Based on the method of Darmon N, et al (2005)2
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Apple

Breakout box 1: Nutrient adequacy score
The nutrient adequacy of a certain food refers to how many nutrients it provides
relative to its weight. This is different to the nutrient density of a food, which refers
to how many nutrients it provides relative to the number of calories it contains.
A nutrient adequacy score is determined as the mean percentage of daily values
(amount per 100 g / recommended dietary allowance [RDA]) of 17 selected nutrients,
including: protein, fibre, calcium, iron, magnesium, potassium, zinc, vitamin C,
thiamin (vitamin B1), riboflavin (vitamin B2), niacin, pantothenic acid, pyridoxine
(vitamin B6), folic acid, vitamin B12, vitamin A and vitamin E.

The high amount of vitamin C in kiwifruit is the primary driver of its high nutrient adequacy
score1. Other key nutrients include fibre, folate, potassium and vitamin E1. Kiwifruit also
contains a wide variety of antioxidants, phytonutrients and enzymes with known digestive
benefits, and is low in calories, containing just 57 kcal/100 g1. The combination of all these
unique attributes works within the body to provide significant health benefits (Figure 2)1.

Figure 2. Health benefits of kiwifruit

FIBRE

FOLATE

B9

• Digestive
health

• Pregnancy
• Reduces tiredness
and fatigue

VITAMIN C

C

POTASSIUM
• Immune
system function
• Reduces tiredness
and fatigue
• Helps normal
collagen formation

K

PHYTONUTRIENTS
& ANTIOXIDANTS

• Heart activity and
fluid balance

LOW GLYCAEMIC INDEX

GI

• Defence against
cell damage
• Cardiovascular health
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• Glucose
tolerance

Kiwifruit Has a High Vitamin C Content
Zespri® kiwifruit is one of the best sources of vitamin C among fruits and vegetables (Figure 3).
Zespri SunGold kiwifruit contains 161.3 mg/100 g of vitamin C, almost three times the amount
of vitamin C found in oranges and strawberries, traditionally known as good sources of vitamin C, while Zespri Green kiwifruit contains 85.1 mg/100 g3. More information on the role of
vitamin C in kiwifruit can be found in the Vitamin C and Health section of this Scientific Pack.

Figure 3. Graph comparing the vitamin C content
of various fruits with Zespri® kiwifruit3
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Kiwifruit Facilitates Iron Uptake
High levels of vitamin C in kiwifruit can improve iron uptake
Poor iron status remains one of the most common micronutrient concerns globally. In a study
of individuals with low iron status (serum ferritin [SF] ≤25 μg/l and haemoglobin [Hb] ≥115 g/L),
eating kiwifruit with an iron-fortified breakfast cereal was found to increase iron status4, 5. In
this study, 89 healthy women were randomised to receive iron-fortified breakfast cereal, milk
and either two Zespri Gold kiwifruit or one banana at breakfast every day for 16 weeks. After
16 weeks, median serum ferritin significantly increased from 17.0 μg/l at baseline to 25.0 μg/l,
compared to the banana group who had a median serum ferritin of 16.5 μg/l at baseline that
rose to 17.5 μg/l at the end of the study (p<0.001)5. Importantly, the 10.0 μg/l increase in serum
ferritin in the women who ate kiwifruit increased levels to within the normal reference range
of 20–160 mg/l5. Additionally, median soluble transferrin receptor concentrations significantly
decreased by –0.5 mg/l for kiwifruit versus 0.0 mg/l for banana (p=0.001)5.

Kiwifruit is Rich in Fibre
Kiwifruit has been found to improve various digestive functions due to its fibre content
(1.4–3 g/100 g; Figure 4). Kiwifruit fibre consists of both soluble and insoluble fibre at a ratio of
approximately 1:4 in Green kiwifruit and 1:3 in SunGold6. The soluble fibre fraction contains
almost exclusively pectic polysaccharides that have the ability to retain water and form gels.
This increases the size and softness of the stools and helps stimulate bowel movements, facilitating intestinal transit through the digestive system7. The insoluble fibre fraction is mostly
cellulose and hemicelluloses, which make up the structural parts of plant cell walls, with
small amounts of pectin. A major role of insoluble fibre is to add bulk to the stools, aiding
movement through the digestive tract7. More information on the role of fibre in kiwifruit can
be found in the Digestive Health section of this Scientific Pack.

Figure 4. Fibre content of Zespri® kiwifruit compared
to other fruit3
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Kiwifruit is a Good Source of Potassium
Potassium is an important mineral for the development of many different body functions8.
In particular, it:
• Contributes to the normal function of the nervous system.
• Is necessary for muscular contraction.
• Contributes to the maintenance of normal blood pressure.
Fresh foods such as fruits, green vegetables and cereals or wholemeal bread are generally high
in potassium and low in sodium. The daily recommended value for potassium is 3500 mg3.
Zespri® kiwifruit contains 301–315 mg/100 g potassium, which is roughly equivalent to the
amount of potassium in a banana (Figure 5).

Figure 5. Potassium content of Zespri® kiwifruit
compared to other fruit3
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Kiwifruit Has a High Level and Variety of Antioxidant
Vitamins and Phytonutrients
Antioxidants are substances that may prevent or delay some types of cell damage9,10. They
do this by blocking some of the damage caused by free radicals, unstable molecules created
every day during normal metabolism that damage DNA.
Kiwifruit contains a wide range of natural antioxidants, such as vitamin C, vitamin E,
polyphenols and flavonoids (compounds derived from polyphenols)1. Research has shown
a significant increase in plasma antioxidant levels following the consumption of kiwifruit
compared to the consumption of other fruits and foods11. While vitamin C is generally regarded
as the most important antioxidant of kiwifruit, vitamin E and the polyphenols and flavonoids
present in both Zespri Green and Zespri SunGold kiwifruit also have an antioxidant effect.
There is strong evidence showing that eating foods with polyphenolic compounds contributes
to good overall health12.
Vitamin E is the generic term for a group of eight plant-derived, fat-soluble and structurally
related compounds belonging to two main families – the tocopherols and tocotrienols. Natural
and naturally derived tocopherols occur only in a single form (RRR, also known as alpha- or
delta-tocopherol). Vitamin E is the body’s primary lipid-soluble antioxidant defence against
free-radical-induced cell damage13.
Vitamin E levels in Zespri SunGold are relatively high compared to other fruits, at 0.9–1.4 mg/100 g.
This is important because in general, fruit are poor sources of vitamin E, with the exception
of avocado. However, unlike avocado, kiwifruit is one of the few low-fat sources of vitamin E.
Phytonutrients are bioactive plant-derived compounds that are associated with positive
health effects. Phenolic phytochemicals are the largest category of phytochemicals; the three
most important groups of dietary phenolics are flavonoids, phenolic acids, and polyphenols14.
Kiwifruit contains various phytochemicals, such as phenolic acids and flavonols,13 which are
thought to protect DNA in the nucleus of human cells from oxygen-related damage via a dual
protective role: decreasing DNA oxidation damage and enhancing removal of the damage
that does occur1.
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Kiwifruit is a Natural Source of Folate
Folate is an essential nutrient for cellular growth and development, and is vital for the formation
of the erythrocytes (red blood cells) that transport oxygen, iron and other minerals15. Folate
performs important functions in the healthy body, and sufficiently high levels are needed
before and during pregnancy. It is also vital for infant growth. Some of its contributions are
as follows7, 15:
• Growth of tissue during pregnancy
• Normal formation of amino acids
• Normal formation of blood cells
• Normal formation of homocysteine
• Normal psychological function
• Reduction of tiredness and fatigue
• Process of cell division
As cooking destroys folate, fresh kiwifruit is a good source of folate, compared to for example
cooked green vegetables. The daily recommended value for folate is 400 μg. During pregnancy,
it is very difficult to meet folate requirements with food alone. Zespri® kiwifruit contains 31–38
μg/100 g folate, making it a useful complement to folic acid supplements in pregnant women
(Figure 6).

Figure 6. Folate content of Zespri® kiwifruit
compared to other fruit3
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Conclusions
• Zespri® kiwifruit is consistently one of the most nutrient-rich fruit available, driven
primarily by the high vitamin C content. The high levels of vitamin C in kiwifruit can
assist the body’s uptake of iron.
• Zespri® kiwifruit contains high level and variety of antioxidants and phytonutrients,
such as vitamin C, vitamin E, polyphenols and flavonoids. These compounds reduce the
amount of oxidative damage to the cells of the body and improve the repair of damaged
DNA caused by free radicals and oxidative stress.
• Zespri® kiwifruit is a good source of potassium.
• Zespri® kiwifruit is rich in fibre, which contributes to good digestive health improving
bowel habits and stimulating the growth of beneficial bacteria in the gut.
• Zespri® kiwifruit is a natural source of folate.
• The combination of vitamins, minerals, laxative effects and benefits for improving iron
uptake makes kiwifruit an excellent fruit during pregnancy.
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Common Digestive Disorders Cause Significant Discomfort
Gastrointestinal disorders are common conditions worldwide in adults and children, and can
severely affect the individual’s quality of life and feeling of general wellbeing1. They may affect
the upper gastric part of the digestive system or the lower intestinal area, and can cause a
range of symptoms (Figure 1). These disorders generally result from lifestyle factors such as
diet, hydration and exercise, from chronic illnesses such as diabetes, and from aging1. Current
interventions for gastrointestinal conditions include lifestyle and dietary modifications as well
as pharmacologic intervention, which may cause side-effects1.

Figure 1. Common gastrointestinal disorders
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Kiwifruit Components Effect on Gastric
and Intestinal Digestion
Green kiwifruit are an excellent source of vitamins (A, C, and E), minerals (potassium), fibre and
certain bioactive components, such as polyphenols and enzymes2. Kiwifruit has been found to
improve various digestive functions at both the gastric and intestinal level. This is due to their
relatively high fibre content (3 g/100 g in raw Zespri Green kiwifruit and 1.4 g/100 g in raw Zespri
SunGold kiwifruit) and the presence of a natural digestive enzyme unique to kiwifruit known
as actinidin, which breaks down proteins and facilitates gastric digestion2.
The substances found in kiwifruit have been shown to promote the effective digestion of
dietary protein, increase faecal bulking and softness, and enable better lubrication, assisting the
propulsion of contents along the colon (Figure 2)3. In addition to positive effects on gastric and
intestinal digestion, kiwifruit are also associated with beneficial changes in gut microbiota (see
Breakout box 1 and 2)2,4.

Figure 2. Digestive benefits of kiwifruit

Upper gastrointestinal tract
• Facilitates gastric digestion
• Reduces glucose absorption
rate
• Potentially reduces symptoms
such as nausea and vomiting

Lower gastrointestinal tract
• Improves intestinal habits,
reducing constipation
• Creates positive changes in
intestinal enzymes that can
serve as a natural defence
• Encourages the growth of
beneficial bacteria, which
inhibit harmful bacteria
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Breakout box 1: Microbiota
Human gut bacteria (microbiota) have co-evolved with us metabolically to live symbiotically
and share the workload of extracting energy and nutrients from the diet. A healthy balance
of gut microbiota is therefore essential for the breakdown of foods and for the production
of vitamins. The dietary fibre and polyphenols found in kiwifruit can be degraded by
various members of the gut microbiota and result in beneficial effects (Figure 3)2, 4-6. These
gut microbiota can also affect the structure and function of the mucosal barrier in the
colon, which prevents the influx of water soluble bacterial products and toxins from the
colon into the blood7.

Figure 3. The role of gut microbiota
in the breakdown of food

Fibre
Polyphenols
Carbohydrates

Gut microbiota

Other
metabolites

Polyphenol
metabolites

Short chain
fatty acids

Oligosaccharides

Health benefits
• Energy and nutrients for colonic cells and other good bacteria
• Secretion of immune effector molecules which regulate proper immune function
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Breakout box 2: Prebiotics
Prebiotics are food ingredients, generally of plant origin, that cannot be broken down by
the human digestive system, such as soluble fibre. Instead, various members of the gut
microbiota can degrade them. The breakdown of prebiotics selectively stimulates the
growth or activity of ‘good’ bacteria in the colon. These bacteria include lactobacilli and
bifidobacteria species, which are commonly included in probiotic foods and supplements.

What is the role of fibre in digestive health?
Fibre in kiwifruit is made up of soluble components (e.g. pectin) and insoluble components (e.g.
hemicelluloses and celluloses, which make up cell walls)8. Soluble fibre has the ability to retain
water and form gels, which increases the size and softness of the stools, and aids stimulation
of peristaltic movements8. Insoluble fibres also enhance digestion by adding bulk to the stools,
aiding movement through the digestive tract8.
There is some evidence to suggest that as the kiwifruit ripens, there is increasing solubilisation
of insoluble fibre within the cell walls of kiwifruit. This results in a unique and greatly increased
ability to hold water, causing a lubricating effect (Figure 4)9-11.

Figure 4. Water retention capacity
of various fruit fibre8
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Collectively, these properties can help to improve the symptoms of constipation by8:
• Increasing the frequency of bowel movements
• Improving the type of stools
• Reducing the sensation of bloating
• Increasing satisfaction when moving the bowels
• Reducing the time of intestinal transit
In the upper gastrointestinal tract, these same properties of kiwifruit fibre act to reduce the rate
of glucose absorption so that the glycaemic response is lower and blood sugar levels remain
stable8. This is important for people who are wanting to maintain a healthy weight and prevent
a progression into obesity, and eventually metabolic diseases such as type 2 diabetes. It also
increases the sense of fullness, since the fibre swells by taking up water and acts to increase
viscosity, and animal trials have also shown that eating kiwifruit can have a positive effect on
the rate of gastric emptying12.

What is the role of actinidin in digestive health?
Actinidin has been shown to enhance protein digestion in the stomach and the small intestine13, 14,
potentially allowing faster and more complete digestion of food proteins. This improved digestion
results in:
• A reduced sensation of heaviness associated with protein-rich foods
• Improved protein absorption
• Improved digestive comfort
It is proposed that actinidin or other compounds in kiwifruit may also act as modulators of gastric
motility. It has been observed that after protein digestion with actinidin, potentially bioactive peptides
may be produced from the food proteins. However, it is unknown if these have any effect on gastric
motility15.

Kiwifruit as a Digestive Aid:
What Is the Evidence?

IN VITRO
STUDIES

Kiwifruit enhances protein digestion
In vitro studies have shown that actinidin, acting in combination with the gastric and intestinal
enzymes pepsin and pancreatin, enhances protein digestion in both the stomach and the
small intestine13, 14. In an in vitro study that examined the effect of actinidin on gastric protein
digestion, a range of common protein sources derived from soy, meat, milk and cereals were
incubated with a kiwifruit extract containing actinidin and pepsin at pH 1.9 (a simulation of
gastric digestion in humans)13. Results showed that for milk, soy and meat protein sources, the
presence of kiwifruit extract enhanced digestion to a greater extent than pepsin alone13.
In another in vitro study, a range of food proteins were studied to assess the proposition that actinidin
influences the digestion of proteins in the small intestine14. Proteins from sources including soy, meat,
milk, and cereals, were incubated in the presence or absence of actinidin with pepsin at stomach
pH (stimulating gastric digestion) and then with added pancreatin at a pH to simulate small intestine
digestion14. Actinidin was shown to influence the digestion patterns of each of the protein types to
various extents. For some proteins, actinidin had little impact on digestion14. However, for whey, zein,
collagen and wheat proteins, the presence of actinidin resulted in a substantially greater increase in
digestion14.
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Kiwifruit modifies colonic bacteria
A healthy balance of bacteria colonising the gastrointestinal tract (colonic microbiota) is
essential for the breakdown and metabolism of foods as well as for the production of microbially
synthesised vitamins. Interestingly, in vitro studies including some using a model gut system
have demonstrated that components of kiwifruit are able to modulate colonic microbiota
(Figure 5)5,16-22. Nutrients known as polyphenolics may directly stimulate the growth of beneficial
bacteria in the colon or act as antimicrobial agents against pathogens, while non-digestible
polysaccharides (insoluble fibre) broken down by the microbiota may induce selective growth
of beneficial bacteria19, 21.

Figure 5. Predominant bacterial groups after
fermentation of kiwifruit and control food sources16
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Kiwifruit modulates gut-mediated immune function
Kiwifruit has also been shown to enhance the production of antimicrobial peptides, an important
part of the first line of defence at intestinal mucosal surfaces. Colonic epithelial cell studies in vitro
have shown that human faecal microbial breakdown products from in vitro digested kiwifruit
increased antimicrobial peptides human β-defensin 1 and 2 (HBD-1 and 2) production17. This
could increase host protection against micro-organisms (see Breakout box 1).

IN VIVO
STUDIES

Kiwifruit enhances protein
digestion and gastric empting rate

The effects of actinidin on protein digestion has also been replicated in vivo. A recent study in
rats showed that actinidin from green kiwifruit significantly increased the gastric digestion of
beef muscle protein, gelatin soy protein and gluten by 27–60%23. A separate study in growing
rats showed increased gastric protein digestion with dietary actinidin from kiwifruit, and also
demonstrated an accelerated gastric empting rate for several dietary protein sources24. Authors
of this study conclude that it is likely that gastric empting rate is affected by gastric protein
digestion24.
These results were confirmed by an in vivo study investigating the effect of dietary actinidin on
gastric digestion of beef muscle proteins and gastric empting rate in pigs12. Use of a positive
sample of added actinidin and a negative control of inactivated actinidin demonstrated a
significant increase in gastric digestion with the active substance when consumed with meat
(25% with actinidin, 17% without actinidin). This demonstrates conclusively that actinidin is
responsible for the enhanced gastric hydrolysis of food proteins. Stomach emptying rate was
also faster when green kiwifruit were consumed with meat (half life for dry matter was 137 min
with actinidin versus 172 min without actinidin)12.

Kiwifruit beneficially modulates colonic microbiota
In vivo studies have shown that kiwifruit products that reach the colon result in changes in
microbial growth and by-product formation (see Breakout boxes 1 and 2). An in vivo study in
growing pigs found that animals who had eaten green kiwifruit had a significantly higher
number of ‘good’ bacteria in the colon, leading to an improved intestinal environment4.
These results were also replicated in another in vivo study, where rats who were fed a diet
of green and gold kiwifruit for 6 weeks demonstrated significantly increased populations
of ‘good’ bacteria2. As well as increased colonic microbiota, the rats were found to have
improved colonic barrier function by increased mucin expression and improved immune cell
stimulation. These in vitro changes in microbiota suggest that regular and consistent kiwifruit
consumption could positively influence colonic health2.
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Kiwifruit contributes to gastric comfort
following protein ingestion

CLINICAL
STUDIES

In order to follow up on the promising results of the effects of actinidin on protein digestion in
vitro and in vivo, a human clinical trial was conducted to examine its effect on gastric comfort
following a protein meal25. In this study, 10 healthy adult males ate a meal of >400 g lean steak
with 200 g kiwifruit containing either active or inactive actinidin. For all measures of gastric
comfort (pain in upper abdomen, rumbling in stomach, bloating, belching, and flatulence) the
men who ate the kiwifruit with active actinidin resulted in less symptoms25. For the symptom
of ‘bloating’ this difference was statistically significant25.

Kiwifruit improves bowel functioning
There is growing evidence that kiwifruit has laxative properties, with several clinical studies
demonstrating changes in bowel function in response to kiwifruit intake. In a study of 38 people,
eating one kiwifruit/30 kg body weight for 3 weeks lead to increased frequency of defecation,
higher volume of stool production, and greater softness of bowel motions26. In the second study,
33 chronically constipated patients were given two kiwifruit per day for 2 weeks27. Kiwifruit
consumption significantly increased complete spontaneous bowel motion, improved transit
time and rectal sensation, and decreased days of laxative use, compared with control subjects
who were not given kiwifruit27. In the third study, the effect of kiwifruit intake on physiological
bowel functions in 41 patients diagnosed with irritable bowel syndrome (IBS) was evaluated.
Having eaten two kiwifruit per day for 4 weeks, participants significantly increased defecation
frequency and decreased colon transit time28. Another study in a Mediterranean patient
population suffering from functional constipation, demonstrated that the intake of three
kiwifruit per day significantly improved the quality of evacuation (number of depositions,
consistency and ease)29.
In a systematic review of clinical trials in which fresh kiwifruit were used for the treatment of
constipation or functional bowel disorders, daily consumption of two kiwifruit was found to
reduce symptoms associated with constipation, but did not adversely affect bowel habits in healthy
non-constipated individuals (Table 1)30. Pooled data gave an increase in stool frequency of 1.6 per
week when two kiwifruit were consumed, and a mean increase of 4.1 when three kiwifruit were
consumed30.

Kiwifruit is suitable on a low FODMAP diet
Gastrointestinal symptoms associated with IBS can be triggered by poorly absorbed short chain
carbohydrates. These carbohydrates can be fermented by bacteria in the colon releasing gases31-34
that stretches the bowel, causing bloating, wind and pain. They can also cause water to enter
the colon, resulting in loose motions and diarrhoea. These short chain carbohydrates have been
grouped together under the term FODMAPs which stands for Fermentable Oligo-, Di-, Monosaccharides And Polyols (see Breakout box 3), and includes fructose (in excess of glucose), lactose,
sugar polyols (sorbitol, mannitol), fructans and galacto-oligosaccharides (GOS). A diet low in
FODMAPs is now often used to manage functional gastrointestinal symptoms in patients with
IBS31, 35-38.
Interestingly, many fruits and vegetables are high in FODMAPs that can trigger abdominal
symptoms in people with IBS. Kiwifruit, however, is a low FODMAP fruit39 as it has a balanced
ratio of glucose to fructose, allowing fructose to be well absorbed. Kiwifruit can therefore be
included as part of a low FODMAP diet for sufferers of IBS.
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Table 1. Summary of findings from human clinical
trials with fresh green kiwifruit 30

Reference
and daily
intervention

Chan et al.
(2007): two
Zespri
Green
kiwifruit

Country

Population
group

Study
Quality
High
Low
? Not able
to assess

Frequency
↑, SS
↑, NSS

Stool
Ease/comfort Transit
from
↑, SS
time
↑, SS
↑, NSS
↓, SS
↑, NSS
? Not
? Not
measured
measured

China

Functional
constipation

Taiwan

Irritable
bowel
syndrome
with
constipation

Hiele (2010):
three
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Green
kiwifruit

Belgium

Functional
constipation

?

Marzo &
Cunillera
(2015):
three Zespri
Green
kiwifruit

Spain

Functional
constipation

?

Ohsawa et al.
(2010): two
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Japan
Green
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Prone to
constipation

?

Rush et al.
(2002): pre
trial, one
Zespri Green
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per 30 kg
bodyweight

New
Zealand

Healthy

Rush et al.
(2002): main
trial, one
Zespri Green
kiwifruit
per 30 kg
bodyweight

New
Zealand

Healthy
elderly

Chang et al.
(2010): two
Zespri Green
kiwifruit

?

?

?

?

SS= Statistically Significant | NSS = Not Statistically Significant
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Side
effects
none

Breakout box 3: FODMAPs
FODMAPs (Fermentable Oligo-, Di-, Mono-saccharides And Polyols) are fermentable
carbohydrates found in food that can cause digestive discomfort, especially for people
with IBS. FODMAPs, which are poorly absorbed in the small intestine, pass through to
the colon where they are fermented by bacteria, contributing to the production of gas.
The FODMAPs are also highly osmotic and therefore attract water into the colon, which
can alter how quickly the bowels move. These two processes can then trigger symptoms
including abdominal pain, bloating, excessive wind, constipation or diarrhoea, or a
combination of both.
Common high FODMAP foods include milk, apples,
broccoli, wheat breads, cereals, pasta, avocados,
pears, stone fruits, and mushrooms, among many
more. A diet low in FODMAPs has been proven to
be the most effective dietary therapy for IBS and
symptoms of an irritable bowel31,35-38. The Monash
University Department of Gastroenterology has
developed a ‘Low FODMAP Certification Programme’
in order for people with medically diagnosed IBS
to identify and select low FODMAP food choices.
Certified low FODMAP products are listed in the
Monash University low FODMAP diet booklet and
app39. Kiwifruit is a low FODMAP food and listed as
such in the FODMAP diet booklet and app.

34

Upcoming Research
Since early clinical studies were carried out in different countries and included different
participant subgroups (e.g. in terms of age, health status, etc.), the lack of common protocol
may have led to results that are not generalisable to the larger population. There was therefore
a need for a large multinational study that enrolled a large group of participants with a range
of digestive health conditions. A multi-country, randomised, cross-over, controlled, clinical
intervention study is currently ongoing to evaluate the effect of Zespri Green kiwifruit on
digestive and gut health function. The primary objective of this trial is to determine the efficacy
of kiwifruit as a treatment for the relief of constipation and a reduction in gastrointestinal
discomfort. In each participating country, 20 healthy people, 20 people with IBS with constipation
(IBS-C) and 20 people with functional constipation (FC) will be recruited. The trial study design
is presented below (Figure 6).

Figure 6 . Zespri® clinical intervention study design
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4-week psyllium
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Conclusions
• Gastrointestinal issues are common conditions worldwide and can negatively affect an
individual’s quality of life1.
• Green kiwifruit is a rich source of fibre, vitamins, minerals and certain bioactive
components, and in vitro and in vivo studies have demonstrated beneficial effects on
gastric and intestinal function2.
− The fibre content of kiwifruit can have a significant effect on digestion by
increasing faecal bulking and softening, increasing lubrication of faecal matter
and reducing glucose absorption rate, helping stabilise blood sugar levels.
− The enzyme actinidin, found uniquely in kiwifruit, improves digestive comfort
by increasing the breakdown of proteins and facilitating gastric digestion.
− There is growing evidence that consumption of kiwifruit beneficially modulates
the colonic microbiota, likely resulting in increased intestinal health and overall
wellness.
• Clinical studies of kiwifruit have demonstrated positive results in the treatment of
constipation in a range of adult populations, including healthy subjects, the elderly
and patients with IBS.
− These studies suggest that daily consumption of kiwifruit may be effective
for the treatment of constipation or functional bowel disorders, as well as an
effective strategy to regulate the digestive system and enhance bowel movement
satisfaction.
• Research on the digestive health benefits of kiwifruit is ongoing, with results of a
multi-country, randomised, cross-over, controlled, clinical intervention study
expected in 2016.
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Vitamin C is an Essential Vitamin that Cannot
Be Synthesised by the Human Body
Vitamin C, also known as ascorbic acid or ascorbate (Figure 1), is a water-soluble vitamin that
is naturally present in some foods and available as a dietary supplement. While some animals
can synthesise their own vitamin C from glucose, humans do not have this ability and therefore
must obtain vitamin C through the diet1. The human body can store only a certain amount of
vitamin C, so it must be ingested on a daily basis1. An adequate intake of vitamin C is required
for the proper development and function of many parts of the body, and has been shown to
limit the risk of developing chronic diseases such as heart disease and cancer1, 2.

Figure 1. Chemical structure of vitamin C
(ascorbic acid or ascorbate)
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Vitamin C Has an Important Role
in Human Metabolic Processes
Vitamin C has important effects on the body, and contributes to:
• Normal function of the immune system
Vitamin C plays an important role in immune function, and has been shown to have
immunostimulant, anti-inflammatory, antiviral and antibacterial properties3,4.
• Energy metabolism
Vitamin C is required for the synthesis of carnitine, a compound that plays a critical role
in energy production, by transporting long-chain fatty acids into the cell so they can be
oxidized (‘burned’) for fuel5.
• Normal psychological function, which helps to reduce tiredness and fatigue
Vitamin C helps to activate a series of enzymes that improve metabolic energy levels
and different neurochemicals in the brain, therefore taking vitamin C could reduce the
sensation of fatigue and increase physical and mental energy6-8.
• Tissue formation and wound healing
Vitamin C is required for the biosynthesis of collagen, an essential component of
connective tissue which plays a vital role in wound healing9.
• Production of a range of enzymes
Vitamin C is required as a cofactor (or “helper molecule” that assists in biochemical
reactions) for a number of different enzymes which play important roles in the
maintenance of normal metabolism and cellular responses to environmental
stresses10-12.
• Protection of cellular DNA, proteins and lipids
Vitamin C is a powerful antioxidant and can help reduce the damage to cells and tissues
caused by the products of normal metabolism (see Breakout box 1)13. It has also been
shown to regenerate other antioxidants within the body, including vitamin E14.
• Maintenance of the structure and function of the skeletal muscle
Due to its role in creating collagen and protecting metabolically active cells from
oxidative stress, vitamin C can help to protect muscle tissue against damage by free
radicals15,16.

Breakout box 1: Antioxidants13, 17
Antioxidants are natural or man-made substances that may prevent or delay some
types of cell damage. They do this by blocking some of the damage caused by free
radicals, unstable molecules created every day during normal metabolism that
damage DNA. The build-up of free radicals over time may contribute to the aging
process and the development of health conditions such as cancer, heart disease,
and arthritis. On-going research is examining the role of antioxidants in the
prevention or delay of the development of certain cancers, cardiovascular disease,
and other diseases in which oxidative stress plays a fundamental role.
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How Much Vitamin C Do We Need?
The current US recommended dietary allowance (RDA, see Breakout box 2) for vitamin C,
established by the Food and Nutrition Board/National Research Council in 1980 and reconfirmed
in 1989, is 60 mg daily18, 19. However, more recent research suggests that the RDA for vitamin C
should be increased.
Fruits and vegetables are generally regarded as the best available source of vitamin C. However,
because ascorbic acid is water soluble and destroyed by heat, the vitamin C content of food may
be reduced by prolonged storage and cooking20. Fortunately, most fruits and some vegetables
can be consumed raw and consuming several varied servings of fruits and vegetables a day can
provide more than the RDA of vitamin C.

Breakout box 2: Recommended Dietary Allowance (RDA)
The RDA is the average daily level of intake sufficient to meet the nutrient
requirements of nearly all (97-98%) healthy individuals20. The RDA for vitamin C,
based on its known physiological and antioxidant functions in white blood cells,
is set much higher than the amount required for protection from deficiency while
ensuring that there is minimal excretion in the urine20.
However, since the last RDA review which recommends 60 mg of vitamin C daily,
scientists have suggested a need for elevated vitamin C consumption. A 1996 study by
Levine et al., which investigated vitamin C pharmacokinetics in seven healthy men,
proposed that the RDA should be increased to 200 mg daily21. Based on these newer
studies, the recommended level in the US was increased from 60 mg/day to 90 mg/day
for men and from 45 mg/day to 75 mg/day for women in 2000. In Australasia, the RDA
remains at 45 mg/day22.
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One Zespri® Kiwifruit a Day Gives the
Daily Requirement of Vitamin C
Zespri® kiwifruit is one of the best sources of vitamin C among fruit and vegetables (Figure 2).
Zespri SunGold kiwifruit contains almost three times the amount of vitamin C found in oranges
and strawberries, traditionally known as good sources of vitamin C23.

Figure 2. Graph comparing the vitamin C content
of various fruits with Zespri® kiwifruit23
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Zespri® Kiwifruit is Very Effective at Increasing
Plasma Levels of Vitamin C
Vitamin C status is typically assessed by measuring blood plasma vitamin C levels14, 24. This is
because human tissues are not always accessible for evaluation, and since blood is the vehicle
for vitamin C transport, plasma concentrations are a reasonable indicator of its concentration
in the body.
A recent study in New Zealand showed that regular consumption of two gold kiwifruit
significantly increased plasma levels of ascorbic acid (vitamin C) in men with a normal level of
vitamin C15. This effect was even greater in those with previous low levels of vitamin C15.
This study determined a comparable relative bioavailability of kiwifruit-derived vitamin C
and synthetic vitamin C in non-smoking males that received either a chewable tablet (200 mg
vitamin C) or the equivalent dose from kiwifruit15.
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Kiwifruit and Vitamin C-Related Health:
What is the Evidence?

EX VIVO
STUDIES

Consumption of kiwifruit is associated
with enhanced immune cell function
Vitamin C is thought to be essential for the function of neutrophils, cells of the immune system
that defend against invading pathogens (see Breakout box 3). A recent study has demonstrated
that supplementation with vitamin C-rich kiwifruit improves important neutrophil functions,
which likely translates to enhanced immunity25.

Breakout box 3: Neutrophils and inflammation25
Neutrophils are the most common type of white blood cell and form an essential part
of the innate immune system. They detect and migrate to sites of infection (a process
known as chemotaxis) where they engulf and kill micro-organisms. This process, known
as phagocytosis, requires oxygen and results in the secretion of chemically reactive
molecules called reactive oxygen species (ROS). The release of ROS is also known as an
‘oxidative burst’.

Neutrophils in the
circulation

Movement into tissues
(chemotaxis)

Phagocytosis and
destruction of bacteria

Bacteria
Oxidative burst

In this study, young men with low vitamin C status were fed two Zespri SunGold kiwifruit
daily for a period of 4 weeks25. Plasma vitamin C levels increased to >70 μmol/L within one
week of supplementation (Figure 3a) and a significant increase in neutrophil vitamin C status
following four weeks of kiwifruit supplementation was seen (Figure 3b).
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Figure 3 (a). Plasma vitamin C levels25
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Figure 3 (b). Neutrophil vitamin C status following
4 weeks of kiwifruit supplementation25
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In addition to increased plasma and neutrophil vitamin C status, a statistically significant
20% increase in neutrophil chemotaxis was observed post-intervention, demonstrating that
vitamin C enhances the anti-microbial function of neutrophils (Figure 4a). Additionally,
concentrations of the superoxide, a type of ROS (see Breakout box 3), increased, which likely
translates into enhanced microbial killing capacity (Figure 4).
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Figure 4. Neutrophil chemotaxis (a) and superoxide
generation (b) at baseline and post-intervention25
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Vitamin C is retained in parts
of the body where it is most essential

IN VIVO
STUDIES

A study using a Gulo mouse model investigated the effectiveness of vitamin C uptake from
a kiwifruit gel (Zespri Green and Gold kiwifruit) compared to a synthetic supplement over a
period of 4 weeks26. Like humans, these animals are incapable of synthesising vitamin C, but
can be healthy and grow normally when the vitamin is added to the diet. After 4 weeks, mice
fed with the kiwifruit gel-supplemented diet had substantially higher tissue levels of vitamin C
than those mice consuming an equivalent dose of vitamin C in the drinking water (Figure 5)26.
Whilst the striking results suggested a differential uptake, this has not been observed in human
studies. The observed differences are believed to be related to the different set and pattern of
vitamin C transporters in the mice, which normally manufacture their own vitamin C and are
therefore less well equipped to absorb dietary sources.
Importantly, the authors of this study also noted that a suboptimal intake of dietary
vitamin C could lead to reductions in intracellular vitamin C, particularly in the liver and
kidneys. Interestingly, the brain was found to be most resilient, with approximately 50%
of vitamin C remaining after 1 week and close to 10% of the initial content being detectable
after 4 weeks26. These results demonstrate that vitamin C is preferentially accumulated in
brain tissue, indicating a vital role for vitamin C in the brain26. The study also showed that
mice with suboptimal levels of vitamin C appeared to be healthy for a prolonged period
before overt signs of poor health appeared, suggesting the suboptimal levels meant they
were basically “unwell”.
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Figure 5. Tissue vitamin C concentrations in mice fed kiwifruit gel with a known
vitamin C content ( ) or synthetic vitamin C supplement in drinking water ( )26
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CLINICAL
STUDIES

Consumption of one kiwifruit per day is sufficient
to achieve ‘healthy’ plasma levels of vitamin C

To more accurately measure the contribution of kiwifruit (Zespri Gold kiwifruit) to dietary
vitamin C intake, plasma vitamin C levels were measured in a group of 14 male students
with low vitamin C status (average baseline plasma 38 mM)27. Participants were asked to
consume half a kiwifruit per day for 4 weeks, followed by one kiwifruit per day for 6 weeks,
two kiwifruit per day for 6 weeks and finally three kiwifruit per day for 4 weeks (Figure 6)27.

Figure 6. Study design27
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The results showed that consuming kiwifruit had a strong effect on plasma vitamin C levels,
with increases of around 25 mM (Figures 7a and b)27. The addition of as little as half a kiwifruit
per day resulted in a significant increase in plasma vitamin C, however, one kiwifruit per day
was required to reach what is considered healthy levels27. At two kiwifruit per day, plasma levels
approached saturation with no further increase with three per day27. This was confirmed by
increased urinary output of the vitamin at two kiwifruit per day (which coincided with plasma
levels reaching around 60 mM; Figure 8)27.
These results confirm the pharmacokinetic data of Levine et al.21 (see Breakout box 2) and
indicate that plasma vitamin C levels in humans saturate at an intake of about 200 mg/day27.
This is equivalent to eating approximately two kiwifruit per day.
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Figure 7. (a) Daily fruit and vegetable consumption and (b) vitamin C intake by the
study participants27
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Figure 8. Correlation of plasma vitamin C with urinary
excretion of vitamin C27
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Kiwifruit effectively increases vitamin C levels
in blood plasma and skeletal muscle
A study investigating the bioavailability of vitamin C to human skeletal muscle found that
muscle is highly responsive to vitamin C intake (and hence plasma concentrations), and is
likely to be prone to depletion with inadequate dietary intake15. In this study, 36 men were given
either half a kiwifruit or two kiwifruits (Zespri Gold kiwifruit) per day for 6 weeks. Baseline
mean muscle tissue vitamin C concentrations were ∼16 nmol/g tissue, with a range from 1.0 to
43.2 nmol/g tissue.
After 6 weeks of kiwifruit consumption, there was a ∼3.5-fold increase in mean muscle
tissue vitamin C concentrations to 53 and 61 nmol/g tissue in the low- and high-dose groups,
respectively15. Authors also measured vitamin C concentrations of mononuclear cells and
neutrophils, which showed a significantly smaller relative uptake of vitamin C compared
with muscle tissue uptake (Figure 9)15. There was no difference in muscle tissue ascorbate
concentrations between the two groups, which suggested that muscle tissue vitamin C
concentrations were saturated with half a kiwifruit per day15. Authors of this study suggest that
daily vitamin C intake that provides plasma vitamin C concentrations ≥50 μmol/L should be
consumed to maintain an optimal skeletal muscle vitamin C status15.

Figure 9. Mean ± SEM relative increases in vitamin C concentrations in peripheral
blood mononuclear cells, neutrophils and skeletal muscle tissue15
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Kiwifruit supplementation improves overall mood
A recent study in young men has shown that eating two kiwifruit (Zespri Gold kiwifruit) per
day can improve a person’s overall mood6. In this study, 35 young men were supplemented
with either half or two kiwifruit per day for 6 weeks. No effect on overall mood was observed
in the group who ate half a kiwifruit per day; however, in the group that ate two kiwifruits per
day, decreased total mood disturbance and depression trends were seen6. Further analysis of
a subgroup of participants with higher than average mood disturbance indicated a significant
decrease in fatigue, a concomitant increase in vigour, and a trend towards a decrease in
depression following supplementation with two kiwifruit per day, but not half a kiwifruit per
day (Figure 10)6.
The authors state that these improvements are likely related to the optimisation of
vitamin C with the dose provided by two kiwifruit 6. These results are consistent with other
studies which have reported reductions in depression, fatigue and mood disturbance with
vitamin C supplementation6.

Figure 10. Effect of two kiwifruit/day intervention on individual mood scores and
total mood disturbance (TMD) score in the high-TMD subgroup (n=8)6
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Table 1. Summary of key outcomes from human
studies investigating vitamin C from kiwifruit6, 15, 25-27

0.5 kiwifruit/day

2 kiwifruit/day

Plasma vitamin C

+

++

Seminal fluid

-

+

Mononuclear cells

+

+

Neutrophils

++

++

Muscle

+++

+++

-

++

Mood score

Kiwifruit consumption increases protective cellular defence
A human clinical trial found that the intake of antioxidant-rich foods could affect groups
of genes associated with cellular stress defence when participants added kiwifruit to their
diet28. In this study, 102 healthy male smokers were randomised to either a diet rich in various
antioxidant-rich foods, a kiwifruit diet (three kiwifruits/day added to their regular diet) or a
control group28.
Groups of genes involved in regulation of cellular stress defence, such as DNA repair, apoptosis
and hypoxia (preventing cellular oxygen deprivation), were significantly up-regulated in
participants who ate three kiwifruits per day or an antioxidant-rich diet28. Antioxidants in blood
plasma, such as polyphenols and carotenoids, also increased in both groups28.
The authors of the study suggest that antioxidants found in fruits and vegetables control
ROS (Reactive Oxygen Species) levels while also regulating immune defence systems (Figure
11). Antioxidant intake could therefore help prevent oxidative stress-related diseases and
premature aging28.
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Figure 11. Hypothetical model suggesting how antioxidants in fruits
and vegetables influence protective cellular defence systems28
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Kiwifruit consumption reduces selected
upper respiratory tract infection symptoms
The common cold or influenza (flu) viruses, some of the most common causes of sickness
in humans, cause symptoms of upper respiratory tract infection (URTI) such as sore throat
and head congestion29. There is no specific therapy to prevent or treat the common cold, and
flu vaccination is only modestly effective in older adults29. Since inadequate nutrition can
contribute to increased risk and severity of URTI in the elderly, a 2012 study investigated
whether kiwifruit (Zespri Gold kiwifruit), a food rich in vitamins C and E, folate, polyphenols
and carotenoids, could reduce URTI symptoms29.
In this study, 32 elderly people (≥65 years) consumed the equivalent of four kiwifruit or two
bananas daily for 4 weeks29. While kiwifruit did not significantly reduce the overall incidence
of URTI compared with banana, the severity and duration of head congestion, and the
duration of sore throat were reduced29. There was also a positive and significant influence
on a number of plasma antioxidants, including vitamins C, vitamin E and lutein/zeaxanthin,
and cellular damage from oxidative stress was significantly reduced. Authors conclude that
eating kiwifruit may provide an important contribution to lessening the burden of respiratory
infection in older people29.

Upcoming Research
The antioxidant properties of vitamin C and its role in collagen synthesis make it a vital
molecule for skin health1. Vitamin C in the skin is normally transported from the bloodstream
and is found at high levels in both the dermis and epidermis of human skin30. Levels of
vitamin C decline with age and excessive exposures to UV light or pollutants such as cigarette
smoke31,32, and therefore supplementation to increase vitamin C levels in the skin is common.
Numerous studies have demonstrated that oral supplementation with vitamin C effectively
increases vitamin C levels in the skin33, 34, and recent evidence shows that combining
vitamin C and vitamin E supplementation is more effective in preventing UV damage than
either vitamin alone35, 36. Since Zespri® kiwifruit contains both vitamin C and vitamin E in
relatively high levels, investigations into the role of kiwifruit supplementation in improving
skin health and combatting signs of ageing are currently in planning stages.
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Conclusions
• Vitamin C is an essential vitamin that cannot be synthesised by the human body, and
therefore must be obtained through the diet.
• An adequate intake of vitamin C is required for the activation of numerous enzymatic
reactions, various metabolic processes and the supply of antioxidants which protect
against oxidative stress; deficiencies in vitamin C disrupt pathways known to cause
chronic diseases, such as heart disease and cancer.
• Vitamin C plays an important role in both innate and adaptive immune system function,
and is found in high concentrations in immune cells.
• Vitamin C levels in tissues are rapidly depleted, and since the human body can store
only a certain amount of vitamin C, it must be ingested on a daily basis.
• Kiwifruit is a rich source of vitamin C and has been shown to be a significantly better at
replenishing depleted vitamin C tissue levels compared with vitamin C supplements37;
just one Zespri kiwifruit a day contains the daily requirement of vitamin C.
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Kiwifruit Has a Low Glycaemic Index
The glycaemic index (GI) indicates the amount of glucose that is released during digestion
from carbohydrates into the blood system within about two hours of a meal. High GI foods
are rapidly digested and absorbed, and result in rapid, marked rise in plasma glucose levels,
whereas the same amount of carbohydrate in low GI foods are more slowly digested and
absorbed, resulting in a gradual rise in plasma glucose response and insulin levels1. Foods are
classified as either:
• High GI (GI >70)
• Medium GI (GI 55–70)
• Low GI (GI <55)
Approximately 80% of the dry weight of kiwifruit consists of available carbohydrate, including
glucose, fructose and sucrose at a ratio of about 2:2:1 (Figure 1)2. Of these sugars, glucose has
a GI of 100% (reference value), fructose 19% and sucrose 68%2. The GI of kiwifruit reflects the
proportion of sugars in the fruit, and any other factors that might reduce the rate at which the
sugars are absorbed. Zespri Green kiwifruit has a GI of 39 and Zespri SunGold kiwifruit has a GI
of 383. This puts kiwifruit in the GI category of ‘low’ (GI <55) (Figure 2).
Figure 1. Types of carbohydrates in kiwifruit2
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Figure 2. Relative glycaemic impact and GI of
kiwifruit compared to other common foods2
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Kiwifruit Modulates Carbohydrate Digestion and Absorption
The remaining 20% of the dry weight of kiwifruit consists of protein (10%) and primary cell
walls or fibre (10%)2. The cell wall component of kiwifruit is undigested in the stomach and
small intestine, and therefore increases in relative concentration in the gut lumen2. During
digestion, the fibre in kiwifruit swells to four times its original volume, which reduces the
rate of glucose diffusion by about 40% and profoundly reduces digesta mixing, the process
which enables the transfer of sugars from the intestinal lumen to the gut wall2. This causes
a delay in carbohydrate digestion and absorption and may explain why the measured GI of
whole kiwifruit (GI = 39) is much lower than would be calculated from the GI of the sugars
alone (GI = 60).

The Glycaemic Response Per Kiwifruit is Low
The glycaemic response to a fruit depends not only on GI, but also on the amount of
carbohydrate consumed in the fruit. As kiwifruit contains only about 12% available
carbohydrate, and has a low GI, a 100 g kiwifruit is equivalent to about 5 g (1 teaspoon) of
glucose in its glycaemic effect. The impact kiwifruit produces on plasma glucose levels is
low enough for the fruit to be suitable in managing diets for people with a reduced tolerance
to glucose, and suggests that kiwifruit may be beneficial in protecting against disorders
related to absorption rate, such as the postprandial blood glucose excursion2.
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Kiwifruit Can Help Manage Blood Sugar Levels in People
With Diabetes
Diabetes mellitus is an alteration of the body’s tolerance to glucose, and has various
causes4. About 382 million people in the world suffer from diabetes (between 5% and 6%
of the population); in addition, there is a significant proportion of the population who,
although not meeting all the criteria for diabetes, have challenges around managing their
blood sugar levels 5.
Diabetes leads to poor absorption of glucose from the blood by the body’s tissues, so that
levels may build up in the blood. High blood glucose concentrations may lead to multiple
complications4. Patients with diabetes require an adequately distributed intake of
carbohydrates consumed in moderate quantity to prevent hyperglycaemic episodes, and
carbohydrates with the lowest GI are the most appropriate4. With a low GI of 38–39, combined
with a modest content of carbohydrate, and a fibre component that reduces the rate of
absorption, kiwifruit is an excellent option for people with diabetes trying to manage their
blood sugar levels.

Kiwifruit Affects Gut Microbiota
There is growing evidence that consumption of kiwifruit beneficially modulates the colonic
microbiota (more information can be found in the Digestive Health section of this Scientific
Pack)6-14. These colonic microbiota have recently been identified as a new potential factor in
obesity-related disorders, including type 2 diabetes15. Growing evidence in clinical studies
suggests that the colonic microbiota are altered in obese people, and it has been proposed that
these alterations may lead to chronic low-level inflammation, insulin resistance and onset of
type 2 diabetes16.

Kiwifruit and Metabolic Health:
In Vitro and In Vivo Studies

IN VITRO
STUDIES

Kiwifruit reduces the rate of glucose diffusion
An in vitro study investigating the physicochemical properties of green and gold kiwifruit found
that the undigested soluble and insoluble fibre in the kiwifruit cell walls was able to reduce the
rate of processes involved in the glycaemic response17. In this study, kiwifruit flesh was digested
under gastric and gastroileal conditions in vitro. The digested kiwifruit pulp of both green and
gold varieties, which contained soluble and insoluble undigested polymer fractions, was found
to swell to four times the volume of the original fruit and interact with other foods (Figure 3).
This decreased the rate of glucose diffusion by over 40% and the rate of mixing by over 40%.
Furthermore, in the presence of soluble fibre, the physical interaction of the cell wall remnants
and long hydrocolloid molecules was found to increase viscosity and further decreased mixing.
The authors concluded that the additive effects of decreased mixing and decreased diffusion
are likely to reduce the glycaemic response, and may explain why the GI of the sugars consumed
in kiwifruit is so much less than the GI of the same sugars consumed alone.
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Figure 3. Volume of kiwifruit pulp before
and after digestion
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Figure adapted from Monro et al.2
Swollen volume of digestion-resistant remnants of kiwifruit from green and gold kiwifruit
relative to the volume of the pulp before digestion. The digestion-resistant remnants had been
allowed to settle overnight in a measuring cylinder.

Kiwifruit slows intestinal processes
In a series of in vitro studies, Monro et al.18 found that when kiwifruit flesh had been digested
in vitro, the non-digested dietary fibre remnants would surround and extensively interact with
other foods in the limited volume of the gut. These non-digested dietary fibre remnants of
pre-digested kiwifruit flesh substantially retarded digestion, sugar diffusion and mixing of
intestinal contents, all of them processes important to the glycaemic response.
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Kiwifruit reduces the glycaemic impact of high
carbohydrate foods and enhances nutrient absorption

CLINICAL
STUDIES

In a human intervention study conducted by Monro et al.18, the glycaemic impact of kiwifruit
was found to be relatively low, with 100 g of kiwifruit exerting approximately the same effect
on blood sugar levels as only 6 g of glucose. The authors conclude that this low in vivo glycaemic
impact could be partly attributed to the carbohydrate in kiwifruit being fruit sugars, and partly to
the non-digested kiwifruit remnants reducing the rate of intestinal processes such as digestion,
sugar diffusion and mixing of intestinal contents18.
Researchers also found that partially substituting high glycaemic foods – such as those based
on cereal starch – with kiwifruit improved uptake of nutrients, including vitamin C, and reduced
the glycaemic response18. Interestingly, this glycaemic benefit was greatest when kiwifruit
were consumed approximately 30 minutes before consumption of a cereal meal, substantially
lowering both the amplitude of the response (the “spike”) compared with consuming the two
foods together, while inducing a lower total response (area under the curve) compared with
an equal carbohydrate amount of the non-substituted food. Authors conclude that partial
substitution of starch-based staples, such as cereals, potatoes and rice, with kiwifruit is an
effective dietary strategy to simultaneously reduce exposure to glycaemia while increasing the
amount of nutrients consumed2.

Upcoming Research
A cross-sectional pilot study is currently underway to investigate the relationships between
gut microbiota composition and diet in people with metabolic disorders19. The objectives of
the study are to:
• Define gut microbiota composition associated with normal glucose tolerance, prediabetes and type 2 diabetes.
• Identify dietary associations with gut microbiota composition with particular emphasis
on fruit and vegetable intake.
Additionally, researchers plan to investigate the feasibility of an intervention study with kiwifruit to favourably alter gut microbiota composition, and therefore impact glucose tolerance.
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Conclusions
• Zespri Green and Zespri SunGold kiwifruit have a low glycaemic index of 39 and 38,
respectively, and deliver a modest amount of carbohydrate per fruit, resulting in a
moderate rise in plasma glucose response and insulin levels.
• The fibre in kiwifruit increases in volume in the small intestine where it reduces
digesta mixing, causing a delay in carbohydrate digestion and absorption, resulting in
a low glycaemic potency (6.6 GGE/100 g).
− These properties make kiwifruit an excellent option for people with diabetes,
and assist with management of blood sugar levels by carbohydrate exchange.
• Consumption of kiwifruit beneficially modulates colonic microbiota, which have been
shown to be linked to chronic low-level inflammation, insulin resistance and onset of
type 2 diabetes in obese people.
• Partial substitution of starch-based staple foods with kiwifruit is an effective
dietary strategy to simultaneously improve glucose homeostasis and intake of
some nutrients.
− Consuming a kiwifruit with breakfast could therefore be an effective and
healthy way to reduce the glycaemic effect of high carbohydrate breakfast
cereals, such as cornflakes.
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