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Kiwifruit belongs to the genus Actinidia (Actinidiaceae) and is derived
from a deciduous woody, fruiting vine. It is composed of different
species and cultivars that exhibit a variety of characteristics and sen-
sory attributes. Kiwi plants have been grown for centuries in China,
where they are known as mihoutau. Kiwi plant seeds were brought
to New Zealand in the early 20th century, where it was eventually
domesticated and sold worldwide. Currently, commercial growth of
the fruit has spread to many countries including the United States,
Italy, Chile, France, Greece, and Japan. Kiwifruit extracts have been
reportedly used in traditional Chinese medicine for relief of symptoms
of numerous disorders. In light of growing consumer acceptance of
kiwifruits worldwide, there has been an increased attention given to
identifying health benefits associated with its consumption. Potential
benefits include a rich source of antioxidants, improvement of gas-
trointestinal laxation, lowering of blood lipid levels, and alleviation of
skin disorders. Some individuals report allergic symptoms to kiwifruit,
and a considerable research effort is being focused on characterizing
kiwifuit’s allergenicity among various populations of people. Kiwifruit
not only is rich in vitamin C but also is a good source of other nutrients
such as folate, potassium, and dietary fiber. This fruit’s content of nu-
trients and biologically active phytochemicals has stimulated investi-
gations into its antioxidant and anti-inflammatory actions that might
then help prevent cardiovascular disease, cancer, and other degener-
ative disorders. Nutr Today. 2012;47(3):133Y147

Kiwifruit belongs to the genus Actinidia (Actinidiaceae)
and is derived from a deciduous, woody fruiting vine.
It is composed of different species and cultivars that

exhibit a variety of physical characteristics and sensory
attributes. Kiwi plants were originally grown in mountain-
ous, forested regions of China (as Chinese gooseberry),
where it is also known as mihoutau.1,2 Its seeds were

brought to New Zealand in the early 20th century, where it
was eventually domesticated, renamed, and sold world-
wide. Currently, commercial growth of the fruit has spread
to many countries including the United States, Italy, Chile,
France, Greece, Brazil, and Japan.3Y5

There are dozens of species comprising the genus Actinidia.6

Although the designation kiwifruit applies mainly to both
Actinidia deliciosa and Actinidia chinensis, the A deliciosa
Hayward cultivar is the most popular variety marketed com-
mercially. Whereas A deliciosa fruit has translucent, green
flesh with rows of edible, black seeds covered by a brown,
hairy skin, the closely related variant A chinensis (Hort 16A)
may have yellow flesh that is surrounded by hairless skin.
The ZESPRI GOLD kiwifruit cultivar of A chinensis has bright
yellow flesh, and other variants have been produced with
reddish flesh.3,5 A third unique species Actinidia arguta or
‘‘hardy kiwifruit’’ can actually be eaten whole, because it is
grape-sized (weighing 5Y15g) and is covered by a smooth,
hairless, edible skin. Its flavor has been described as more
intense, sweet, and aromatic, in part due to its composition
of multiple volatile compounds.7 Like A arguta, Actinidia
kolomikta and Actinidia polygama have been developed as
frost-resistant varieties and have been grown as ornamental
plants in some northern regions.
The chemical composition among kiwifruit cultivars is not
uniform and may influence palatability. Whereas the A
deliciosa and A chinensis genotypes have roughly similar
sugar content, composed of equal amounts of glucose
and fructose and relatively less sucrose, in A arguta the
ratio of sucrose to glucose and fructose is much higher.
Furthermore, A arguta has 4- to 6-fold higher levels of
myoinositol compared with A deliciosa and A chinensis,
making it one of the richest dietary sources of this sugar
alcohol.3 Myoinositol is a cyclic polyol found in many
foods, particularly in fruits. Inositol is an important nutri-
ent for cells within the body. The balance of sugar and
organic acids in kiwifruits contributes greatly to their
sensory qualities. In this regard, most kiwifruits have citric
acid as a predominant organic acid, and, in contrast to
other common fruits, the acid-tasting quinic acid predom-
inates as well. Quinic acid is an important metabolite
associated with the shikimate pathway in plants.8 Some
kiwifruit constituents may make important contributions
to human nutrient requirements.2 Notably Actinidia fruits
are exceptionally high in ascorbic acid (vitamin C), al-
though amounts may vary considerably among cultivars.
Amounts of vitamin C in the 3 main species generally vary
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from 50 to 430 mg/100 g fresh weight,3,9 with levels in A
chinensis generally being somewhat higher than in A
deliciosa, 100 mg and 85 mg/100 g fresh weight, respec-
tively. Kiwifruits are good sources of folate and potassium
and contain large amounts of vitamin E in the seed, al-
though the bioavailability of this fat-soluble vitamin may
be potentially diminished because of limited human di-
gestibility of the seed. This fruit also contains about 2% to
3% dietary fiber. Sensory acceptance of kiwifruit is also
dependent on the presence of calcium oxalate in all va-
rieties, although variation in oxalate content among spe-
cies has been noted.10Y12 Oxalates can cause oral irritation
when certain kiwifruit-derived products are eaten. Depend-
ing on the species and cultivar, kiwifruit also contains dif-
ferent pigments including chlorophylls, carotenoids, lutein,
and anthocyanins.2,3,13Y16 Free galactose, myosmine, water-
soluble vitamins, serotonin, alkaloids, and saponins also
have been quantitated in kiwifruit.2,3,17Y22 Moreover, kiwi-
fruit is known to contain appreciable amounts of proteases,
principally the cysteine protease actinidin (Act).3 It should
be pointed out that various aspects of kiwifruit cultivation,
harvesting, storage, and processing may affect the chem-
ical and nutritional properties of this fruit.3,14,23Y30

OVERVIEW OF HEALTH BENEFITS

In ancient China, Actinidia plants were used for symptom
relief of numerous disorders, such as digestive problems,
rheumatism, dyspepsia, and hemorrhoids, as well as a
therapy for various cancers.22 Recently, there has been in-
creased attention given to consumer acceptance of kiwi-
fruits and to potential health benefits associated with their
consumption.21,31Y35 The Table provides an overview of
some of the potential health benefits of kiwifruit. Examples
of various uses for kiwifruit are presented, and an effort is
made to give an overview of the variety of scientific re-
search on this topic. Points of view for rating of evidence
in each category are based on consideration of cell culture
and animal, and human clinical data from the peer-
reviewed scientific literature. A rating of preliminary indi-
cates that the collective evidence for a specific health
benefit is not conclusive in light of the limited and some-
times inconsistent data from animal studies and well-
controlled human trials. A rating of emerging indicates
that data were suggestive of health benefits based on
preclinical investigations and some clinical studies. The
strength of a potential relationship between kiwifruit and
improved health would be improved by additional and
consistent reports from larger, well-controlled human stud-
ies. A rating of strong is reserved for data that are con-
sistent among preclinical and clinical studies, including at
least 2 well-designed and conducted human trials. Fur-
thermore, there is substantial evidence of a plausible bi-
ological mechanism.

ISSUES OF KIWIFRUIT SAFETYAND ALLERGENICITY
The allergenicity of kiwifruit constituents has been rec-
ognized for over 2 decades. Furthermore, there have been
an increasing number of reported kiwifruit allergies as
consumption of this fruit continues to expand world-
wide.156,157 In general, the prevalence of kiwifruit allergy
needs to be more fully characterized and may differ
geographically, with 1 study suggesting that it may be as
common as peanut allergy among French school-aged
children.158 It is purported to be among the top 10 food
allergy sources based on studies in France, Finland, and
Sweden.159 A recent report suggests that ethnic differ-
ences among children may explain some of the variability
in incidence of food allergies within populations as well as
variations noted in the age at onset of symptoms.160

It should be mentioned that, compared with other com-
mon food allergies, such as those to tree nuts and pea-
nuts, the allergic response to kiwifruit in general appears
to be considerably less severe. The allergic response in
adults is often a mild localized oral allergy syndrome that
is characterized by oropharyngeal itching and swelling.161

Nonetheless, systemic reactions are not uncommon, es-
pecially in children, and may include anaphylaxis, urticaria,
and gastrointestinal (GI) symptoms following kiwifruit in-
take. Sublingual immunotherapy has been attempted to
lessen these symptoms.156,161Y166 Differences in systemic
responses to kiwifruits have been documented and, in
part, may depend on the species of kiwifruit and on the
stability of individual allergen proteins to heating and on
their susceptibility to GI digestion. Of interest is the ob-
servation that individuals allergic to green kiwifruit dem-
onstrated less severe symptoms following consumption of
gold kiwifruit, a difference explained in part to the 50-fold
lower content of Act d1 in gold kiwifruit.158 It is known
that the GI digestion of kiwifruit allergens can be affected
by other components of food matrices consumed along
with kiwifruit.167Y170

Kiwifruit allergy is often cross-reactive with other allergies,
such as that to birch and grass pollen. It also appears to
have cross-reactivity to the latex-fruit syndrome.2,171,172

It should be noted that poor correlations have been re-
ported between suggestive case histories of allergic individ-
uals and in vitro and in vivo diagnostic assays.161,171,173Y175

Considerable research attention is being focused on re-
solving the reasons for these discrepancies.
Several constituents of kiwifruit have been tentatively iden-
tified as allergenic agents. Specifically, 11 kiwifruit aller-
gens have been registered in the Allergen Nomenclature
database (www.allergen.org) compiled by theWorld Health
Organization/International Union of Immunological Socie-
ties.159,175 These include the 30-kd cysteine protease Act
(Act d1), 24-kd thaumatin-like protein (Act d2), 26-kd cell
wall protein kiwellin (Act d5), and cysteine protease in-
hibitor cystatin (Act d4). However, recent concerns have
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TABLE Potential Health Benefits of Kiwifruit

Scientific Evidence for Selected Uses Rating

Antioxidant and anti-inflammatory activities

There is much research interest in identifying dietary antioxidants and anti-inflammatory agents that may
retard chronic disease development and other degenerative processes.36,37 Kiwifruit and its constituents
have been the subject of such investigations.38

Emerging

Preclinical studies

Various Actinidia species have been analyzed for their antioxidant chemical profiles.39Y42 For Actinidia deliciosa
flesh, for example, a chemical analysis identified ascorbic acid and numerous other potential antioxidants.
These includedR-tocomonoenol, a vitamin E analog,>-tocopherol,R-tocopherol, caffeic acid glucosyl derivatives,
A-sitosterol, chlorogenic acid, and flavones and flavonones, to name a few.40,43 The peel also contained
appreciable antioxidant phytochemicals, but this has less relevance to typical human kiwifruit consumption
and health,40 unless the fruit is eaten without peeling. The antioxidant capacity of kiwifruit constituents has
been measured using various in vitro chemical assays that monitor the quenching, scavenging, or retarding of
free-radical generation. For example, compared with other commonly consumed fruits, the total antioxidant
capacity of kiwifruit was reported to be less than raspberry, strawberry, orange, and plum, but greater than
grapefruit, apple, and pear.44,45 In in vitro antioxidant assays of several fruit juices including those prepared
from orange, grapefruit and apple, kiwifruit juice was determined to be a rich source of potentially antioxidant
polyphenols.46 Furthermore, kiwifruit juice was observed to be a potent inhibitor of lipid oxidation and an effective
eliminator of the oxidative stressYinducing agent hydrogen peroxide (H2O2). The juice also possessed superoxide
dismutaseYlike activity and acted as a copper-reducing agent in vitro.46 In another report, gold kiwifruits were
successively extracted with hexane, acetone, or methanol/water prior to assessment of antioxidant potency.1

The more hydrophilic fraction of the 70%methanol extract exhibited the greatest superoxide radical-scavenging
activity. Within the Actinidia genus, the antioxidant capacity and content of total phenols and pigments can
vary substantially.39 For example, frost-resistant species such as Actinidia arguta, Actinidia kolomikta, and
Actinidia purpurea were found to have total phenolic, chlorophyll, and carotenoid levels and antioxidant
activities that were greater than the commonly consumed A deliciosa. A study examining the cellular
antioxidant and cytoprotective activities of extracts prepared from 20 genotypes of Actinidia germplasm
was recently reported.38 It was observed that hydrophobic components such as carotenoids and some phenolic
compounds were effective in inhibiting H2O2-induced cell death of human HT-29 cells, derived from
gastrointestinal (GI) tract cells. Additionally, aqueous extracts from 4 Actinidia species demonstrated marked
suppression of intracellular peroxyl radical generation in Caco-2 colonic epithelial cells.
Few animal studies evaluating kiwifruit antioxidant and anti-inflammatory effects have been reported. An
extract of Actinidia polygama fruit demonstrated anti-inflammatory activity in several animal models,47,48

an effect in part attributed to inhibition of inducible nitric oxide synthase and cyclooxygenase 2 enzyme
expression. In addition, an A polygama extract inhibited airway inflammation and hyperresponsiveness in
a murine model of asthma.49 Regarding antioxidant capacity, mice fed kiwifruit juice exhibited lower levels
of urinary oxidative stress markers, compared with controls.50 Cytokine production was also elevated in
these mice, which suggests that kiwi juice may have immunopotentiating activity. Feeding of a kiwifruit
puree-containing diet to wild-type and Gulo knockout mice was used as a model to determine how the
antioxidant ascorbic acid is accumulated by several target tissues.51 The Gulo knockout mouse lacks
gulonolactone oxidase and exhibits a phenotype resembling human vitamin deficiency. This model
allowed for time- and tissue-dependent measurement of ascorbate accumulation. After 4 wk, mice fed
the kiwifruit-supplemented diet exhibited tissue ascorbate levels that were substantially higher than those
for mice consuming an equivalent dose of vitamin C in the drinking water. It was also noted that a
suboptimal intake of dietary ascorbate could lead to depletion of intracellular ascorbate, particularly
in the liver and kidney.
This investigation found that kiwifruit is a superior dietary vehicle for delivering this antioxidant vitamin,
compared with its supplementation in drinking fluid. The mechanism underlying this enhanced delivery in
kiwifruit was not determined. Others have reported contrasting findings on vitamin C bioavailability.52,53

Human studies

There is limited epidemiological evidence examining antioxidant benefits of kiwifruit intake. In a
population of 96 elderly Japanese, the association between intake of a diet containing kiwifruit and a
plasma marker of lipid peroxidation, 8-isoprostaglandin F2> (8-iso-PF2>) was determined.54 Although it is
not possible to dissect out the individual contribution of kiwifruit, the collective intake of persimmon,
strawberry, and kiwifruit was associated with a significant trend for decreasing plasma 8-iso-PF2>, an effect
largely attributed to the vitamin C content of these fruits.

Continues
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TABLE Potential Health Benefits of Kiwifruit, continued

Scientific Evidence for Selected Uses Rating

Several studies have been conducted using human subjects to examine whether kiwifruit intake can affect
other antioxidant biomarkers. For example, in a study conducted with 10 South Korean males, 150 mL of
homogenized kiwifruit flesh was fed to participants.55 During the subsequent 30 to 120min, blood samples
were collected, and plasma antioxidant capacity was determined in vitro by the 2¶,7¶-dichlorohydrofluorescein
assay. By 60 min after ingestion, the antioxidant action of dietary kiwifruit was maximum (10% decrease in
oxidant stress) but was less effective than the antioxidant effects following ingestion of fruit juice prepared from
oranges and melons.
A clinical trial of healthy women also determined that consumption of a meal containing 300 g
Hayward kiwifruit was associated with increased postprandial plasma antioxidant capacity.56 When
antioxidant actions were separately characterized as hydrophilic or lipophilic, kiwifruit intake was more
effective than eating grapes and strawberries in increasing hydrophilic antioxidant capacity. It did not,
however, produce a significant change in lipophilic antioxidant capacity. In a small study involving
3 healthy volunteers, 1 gold or green kiwifruit was eaten 3 times/d for 7 d.46 Subsequently, oxidative
stress markers excreted in the urine, 8-hydroxy-2¶-deoxyguanosine (8-OHdG) and N-?-(hexanoyl)-lysine
(HEL), were determined as measures of antioxidant activity toward DNA and lipids, respectively.
Intake of gold kiwifruit but not green kiwifruit for 2 to 4 d significantly suppressed levels of the 8-OHdG
marker. Intake of both gold and green kiwifruit for 2 to 4 d significantly reduced HEL levels in the urine
for all subjects. This relatively stronger action of gold kiwifruit in modulating both oxidative stress
markers needs to be confirmed in larger clinical studies in order to better characterize dose and time
dependencies of these antioxidant actions. The authors hypothesized that the antioxidant actions of
ingested kiwifruit may prevent the development of arteriosclerotic lesions.
In a randomized crossover study with 14 volunteers, consumption of kiwifruit (1Y3/d) for 3 wk led to a
significant increase in vitamin C levels in the plasma.57 Accompanying this increase was a noticeable
improvement in antioxidant status as evidenced by the decreased sensitivity of lymphocytes, isolated
from the blood of kiwifruit consumers, to oxidative attack by H2O2 in vitro. Similarly, endogenous oxidation
of lymphocyte DNA also was decreased. It should be noted that in this study the magnitude of kiwifruit’s
effects on oxidative stress was not related to the number of kiwifruit consumed per day. The reasons for
this lack of a clear dose response were not determined. In a recent report, 24 healthy volunteers consuming
a normal diet were provided either 1 or 2 golden kiwifruits (Actinidia chinensis) per day in a crossover
study lasting 2 ! 4 wk.58 Plasma vitamin C levels increased after kiwifruit supplementation, and
endogenous DNA damage was lowered as measured in samples of circulating lymphocytes isolated from
individuals after kiwifruit consumption. Plasma malondialdehyde, a biomarker of lipid oxidation, was
not affected by kiwifruit intake. The authors suggested that intake of golden kiwifruit, richer in vitamin C
than green kiwifruit, may strengthen resistance against endogenous DNA damage. In contrast, in another
study, the short-term intake (single 500-mL dose) of homogenized kiwifruit by 6 volunteers did not
affect endogenous DNA damage, although in an ex vivo assay lymphocytes isolated from these kiwifruit
consumers were more resistant to oxidative DNA damage induced by H2O2.

59 Also, male volunteers
(n = 27) in another study consumed 3 kiwifruits per day for an 8-wk period.60 Lymphocytes isolated
from the blood were subsequently analyzed for their antioxidant status by assessing their resistance
to H2O2-induced DNA oxidation in vitro. There was no significant effect of kiwifruit consumption
on this marker.
Using amore targeted genomic approach, a recent clinical study of 9male smokers examined the impact
of diets, supplemented with 3 kiwifruits per day, on the expression in blood cells of genes associated
with cellular stress defense.61 Effects were measured using whole-genome microarray technology.
It was reported that for groups of men fed either the kiwifruit-supplemented or antioxidant-rich diets,
compared with controls, there was significant up-regulation of groups of genes involved in the
control of cellular stress defense mechanisms, such as DNA repair, apoptosis, and hypoxia. Likewise,
those fed these 2 supplemented diets exhibited an increase in plasma levels of polyphenols and
carotenoids, which acted as putative antioxidant biomarkers. The specific phytochemicals and
mechanisms responsible for these changes in gene expression were not characterized. The authors
suggested that the kiwifruit plantYsupplemented diet has the potential to modify stress- and
defense-related gene expression and thus could contribute to the prevention of oxidative stressYrelated
degenerative diseases and aging. Such beneficial profiles of gene expression in tissues other than
whole blood components in response to kiwifruit intake are not known and would be important
information to gather in future clinical trials.

Continues
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TABLE Potential Health Benefits of Kiwifruit, continued

Scientific Evidence for Selected Uses Rating

Far fewer studies have evaluated the anti-inflammatory actions of kiwifruit consumption in humans. A
cross-sectional analysis of the diet of children with wheezing symptoms observed that intake of kiwifruit
was highly protective for wheeze, an effect attributed to its rich vitamin C content.62 In light of kiwifruit’s
content of inositol, it is of interest that inositol supplementation has been evaluated for the relief of
respiratory distress syndrome in preterm infants.63 Also a kiwifruit extractYenhanced gluten-free bread
was developed to improve sensory and physical attributes of a potential functional food for those with
inflammatory bowel disease (IBD).64

Taken together, these data suggest that eating kiwifruit has the potential to inhibit oxidative and
inflammatory processes. Collectively, the data supporting antioxidant actions of kiwifruit are more
substantial than those related to kiwifruit’s potential anti-inflammatory activities. Inconsistencies in
antioxidant efficacy of kiwifruit reported in the human studies in part could be due to differences
in experimental protocols or kiwifruit species studied. This should be clarified. Dose-response
relationships and the length of time of consumption of kiwifruit needed to quantitate an impact on
biomarkers of both oxidative stress and inflammation in animal and human studies could be more
clearly defined. Confirmation of the consequences of kiwifruit intake also should evaluate the effects
of various cultivars and kiwifruit bioactive constituents on other human biomarkers in appropriate
patient populations and in healthy individuals at several stages of the life cycle. Despite the potential
benefits of antioxidants identified in laboratory, epidemiological, and small human studies, there
remain uncertainties, based on findings from prospective clinical trials, as to whether any practical
benefit in retarding chronic disease and aging can be expected from dietary antioxidant strategies.36,37

Nonetheless, better-designed future kiwifruit feeding trials that explore the bioavailability, metabolism,
tissue distribution, and biological effects of kiwifruit constituents on relevant disease markers may identify
improved strategies for achieving dietary antioxidant and anti-inflammatory health benefits in
humans.36,37

GI tract health

The capacity of dietary factors to improve function of the GI tract has been a topic of considerable research
and a target of functional food development.65 The potential contribution of kiwifruit intake to GI health
also has attracted research attention.

Emerging

Preclinical studies

Two studies examined the capacity of the highly active proteolytic enzyme actinidin from green kiwifruit
(A deliciosa var Hayward) to improve protein digestion in in vitro models of the GI tract. Using an
in- vitro gastric digestion model, an actinidin-containing extract of kiwifruit enhanced the digestion of
some, but not all, food proteins compared with samples treated with pepsin alone.66 Likewise, in an
in- vitro small intestine digestion model, actinidin-containing kiwifruit extract was particularly effective
in improving the digestion of whey protein, zein, gluten, and gliadin.67 Apparently related to their
proteolytic actions, enzymes from kiwifruit juice were suggested to be responsible for the capacity of this
juice to dislodge a meat bolus obstruction in vitro.68 Cell-based assays have been used to determine
whether green and gold kiwifruit extracts could modulate pathways associated with IBD.69 It was reported
that extracts from both types of kiwifruits strongly inhibited the production of the proinflammatory
cytokine tumor necrosis factor > (TNF->) from a macrophage cell line stimulated with purified
lipopolysaccharide. Moreover, these extracts were able to suppress TNF-> production stimulated by
specific ligands of the intracellular receptor NOD2, encoded by a gene that is one of the most common
and highest-risk genetic variants in Crohn’s disease. Extracts of kiwifruit also have been investigated
for their activity toward intestinal epithelial cells isolated from interleukin 10 (IL-10) geneYdeficient
(IL-10j/j) mice,70 which spontaneously develop colitis. Aqueous and ethyl acetate extracts of
both A chinensis and A deliciosa were tested and found to be effective in suppressing
lipopolysaccharide-stimulated activation of cells isolated from both IL-10j/j and wild-type mice.
Moreover, the extracts decreased nitric oxide and cytokine secretion, suggesting that further evaluation
of the anti-inflammatory action of these extracts in vivo is needed. Collectively, these findings suggest
that further testing of kiwifruit to ameliorate IBD is certainly warranted. Recently, a 39-residue peptide,
termed kissper, naturally derived from the A deliciosa protein kiwellin, was characterized to be a small,
anionic cysteine-rich member of a new family of peptides with pH-dependent and voltage-gated
pore-forming activity.71 The authors speculated that kissper likely may affect GI physiology and even
have pharmacological use in treating pathologies involving defective ion transport.

Continues
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TABLE Potential Health Benefits of Kiwifruit, continued

Scientific Evidence for Selected Uses Rating

Human studies

Kiwifruit contains about 3.4 g dietary fiber/100 g fresh fruit,2 which provides about 10% of the
recommended daily requirement for dietary fiber. It also has an appreciable amount of the insoluble fiber
lignin.21,72 There is growing evidence that kiwifruit has laxation properties, a potentially important
characteristic in light of the increasing proportion of the elderly population in aging societies that
experience impaired bowel function.73 Three reports described changes in bowel function in response to
kiwifruit intake. Rush et al74 provided 38 individuals 1 green, ripe Hayward kiwifruit/30 kg body weight for
3 wk in a study using a crossover experimental design. Intake of kiwifruit was associated with increased
frequency of defecation, higher volume of stool produced, and greater softness of bowel motions. In a
second study, chronically constipated patients were given 2 green, ripe Hayward kiwifruits per day for
2 wk.75 For the 33 constipated subjects, kiwifruit consumption significantly increased complete
spontaneous bowel motion, improved transit time and rectal sensation, and decreased days of laxative
use, compared with controls. No changes in anorectal physiology or bowel symptoms were detected in
healthy subjects. The reason for the differences in responses of constipated patients versus healthy
controls is not known. In a recent report,76 the effect of kiwifruit intake on physiological bowel functions in
patients diagnosed with irritable bowel syndrome (IBS) was evaluated. Forty-one IBS patients and 16 adults
with no IBS were fed 2 ripe Hayward green kiwifruits per day for 4 wk. Kiwifruit consumption of IBS
participants significantly increased defecation frequency and decreased colon transit time. As reported by
others,75 no significant effect of kiwifruit on bowel function was noted for healthy adults in this study. The
mechanisms underlying the improvement in bowel function demonstrated in these 3 investigations are
not well characterized. Furthermore, although the high water-holding capacity and viscous cell wall-water
suspensions produced by ripe kiwifruit77,78 are suspected to be major factors improving laxation by
increasing fecal bulk and stool softness, the roles of other kiwi constituents in contributing to the laxative
benefits need to be determined. For example, the protease actinidin in a kiwifruit extract Zylax marketed in
New Zealand has been promoted as a laxative, although actinidin-specific actions on colonic health have
not been substantiated.2 Additional double-blind, controlled studies in larger, diverse patient populations
are warranted to confirm the dose, time, and species dependence of these potentially important
properties of kiwifruit, as well as to determine the GI pathologies that kiwifruit intake might improve.
It would also be of interest to evaluate whether processed kiwifruit products or beverages might also
provide similar benefits for constipated populations and also whether extracted pectic polysaccharides
from kiwifruit have similar laxation potency.2 Furthermore, it has been suggested that there may be
individual variation in the ability to digest and ferment plant cell wall constituents, possibly due to
differences in gut microflora of subjects.79 This is an issue that certainly deserves further attention in the
context of possible individual variation in laxation responses following kiwifruit consumption.2 In this
regard, a recent investigation by Han et al80 demonstrated that green kiwifruit intake, apparently due
to the fiber content, changed the colonic microbiota in the growing pig model. In particular, kiwifruit-fed
pigs evidenced a higher number of total bacteria, Bacteroides and Lactobacillus, compared with pigs fed
control or cellulose-supplemented diets. It would be worthwhile to confirm and expand these in vivo
findings in light of the growing recognition that the humanmicrobiomemay have a large impact on human
health and chronic disease risk.81,82 It should also be noted that quinic acid present in kiwifruit might
have potential GI tract benefit for humans. Specifically, GI tract microflora can metabolize quinic acid to
hippuric acid83 and to tryptophan and nicotinamide.79 Quinic acid is believed to stimulate antioxidant
metabolism.84 It has been reported that oral administration of quinic acid to 2 healthy volunteers
was associated with enhanced DNA repair when evaluated using serum thiol analyses as a surrogate
DNA repair estimate.84 Similar actions of quinic acid were reported in the rat.85 Whether quinic acid in
kiwifruit is present in sufficient quantities to have benefits for human GI physiology and what such benefits
might be remain to be determined.86 Quinic acid is known to be liberated in the small intestine by
esterase hydrolysis of quinic acid conjugates present in fruits,87 which suggests that total quinic
acid amounts available to gut microflora may be higher than chemical analyses of free quinic acid
might indicate.

Cardiovascular health

Maintaining cardiovascular health has become a major concern for Western societies. Risk factors for
cardiovascular disease (CVD) and the metabolic syndrome are interrelated and include dysregulated blood
cholesterol levels, blood lipid levels, and blood clotting, as well as development of type 2 diabetes and
obesity. Several investigations have evaluated the effect of kiwifruit and its constituents on some of
these risk factors.

Preliminary

Continues
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TABLE Potential Health Benefits of Kiwifruit, continued

Scientific Evidence for Selected Uses Rating

Preclinical studies

Several investigations evaluated the effect of Actinidia on processes associated with CVD. In atherosclerotic
apolipoprotein EYdeficient mice, provision of a fruit extract (prepared from Crataegus pinnatifida Bge
and A deliciosa) for 8 wk resulted in a significant decrease in blood triglyceride (TG) and low-density
lipoprotein cholesterol (LDL-C) levels, as well as in the LDL-C/total C ratio.88 Interestingly, the
cholesterol-lowering drug, simvastatin, also evaluated in this study, was not as effective as this extract
in suppressing plasma TG levels when administered to the mice. Furthermore, in contrast to the
extract, no effect of simvastatin on LDL-C levels was observed. In another experiment, mice were
orally administered an extract of kiwifruit leaf.89 This extract suppressed postprandial blood glucose
levels in the mice, purportedly due to >-amylaseYinhibiting and >-glucosidaseYinhibiting activity of the
extract. When ursolic acid was isolated from the roots of A arguta and administered to rats along with
an oral lipid emulsion,90 the subsequent elevation of plasma TG levels typically following lipid dosing
was prevented. Ursolic acid also enhanced lipolysis in adipocytes isolated from these rats. Ursolic acid
as well as triterpenes isolated from A arguta root showed significant pancreatic lipase inhibitory activity
in vitro as well.91 These studies suggest that ursolic acid may be one constituent contributing to the
lipid-lowering effects of Actinidia extracts observed in some studies. There is additional preliminary
evidence that Actinidia can modulate processes involved in the development of diabetes. Specifically,
an in vitro evaluation of a methanolic fraction isolated from unripe A deliciosa fruit demonstrated activities
in 3T3-L1 preadipocyte cells that could have potential benefits against diabetes.92 For example, this
fraction promoted adipocyte differentiation and increased transcription of the gene for the peroxisome
proliferator-activated receptor and F-adiponectin, whereas it decreased mRNA expression for the genes
for monocyte chemoattractant protein 1 and interleukin 6. In differentiated 3T3-L1 adipocytes, the
fraction also stimulated glucose uptake. In an in- vitro examination of an ethanolic extract from
A arguta root, several isolated compounds showed significant inhibitory activity toward the formation
of advanced glycation end products, a process linked to hyperglycemia and diabetes.93 In experimental
models, administration of inositol, a sugar alcohol present in kiwifruit, was shown to lessen the
teratogenic effects of a diabetic environment.94 Poor inositol status also has been linked to several
health conditions including diabetes.95

Human studies

In a study by Duttaroy and Jorgenson,96 30 healthy volunteers were given 2Y3 kiwifruits per day for
two 28-day periods. Plasma antioxidant and vitamin C levels increased significantly, compared with
controls. Platelet-rich plasma samples from the volunteers consuming 2 or 3 kiwifruits per day
exhibited a significant decrease in in vitro ADP-induced platelet aggregation, compared with controls.
Kiwifruit intake also was associated with a substantial decrease in plasma TG levels, although no
impact on total high-density lipoprotein (HDL) or LDL-C was observed. In a later study,97 however,
in which 43 subjects with hyperlipidemia consumed 2 ripe Hayward kiwifruits per day for 8 wk,
HDL cholesterol (HDL-C) concentration significantly increased. Although the LDL-C and total C levels
measured in this trial did not respond to kiwifruit consumption in this study, the LDL-C/HDL-C ratio
and total C/HDL-C ratio significantly decreased. The authors noted that kiwifruit intervention
improved blood antioxidant status and lowered markers of lipid peroxidation. In a recent human
crossover study (24 subjects) lasting 2 ! 4 wk, supplementation of a normal diet with 1 or 2 golden
kiwifruits per day decreased fasting plasma TG levels but did not affect plasma levels of total cholesterol,
HDL, LDL or glucose.58 In a crossover trial of 39 healthy subjects, consumption of 1 kiwifruit/30 kg body
weight per day for 3 wk had no significant effect on lipid profiles or on glucose and insulin measures.98

Similar lack of effects was reported for a small study involving 12 healthy volunteers asked to add
kiwifruit to their diets at a dose of 1 kiwifruit/30 kg body weight per day for 9 wk.99

Although not evaluated in the context of kiwifruit intake, myoinositol has been suggested to improve
insulin sensitivity, lessen diabetes-induced vascular dysfunction, and alleviate the metabolic syndrome.100

Taken together, these studies provide preliminary evidence that some constituents of kiwifruit plant may
be able to counteract specific processes contributing to diabetes, CVD, and possibly obesity. It would be
instructive for future clinical investigations to focus on characterization of the effects of kiwifruit dose and
length of consumption on blood lipid dynamics, glucose and insulin balance, and on body weight
maintenance and energy homeostasis.
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TABLE Potential Health Benefits of Kiwifruit, continued

Scientific Evidence for Selected Uses Rating

Dermatological activity

Burn treatment Preliminary

Two recent rat studies demonstrated an intriguing capacity for a dressing prepared from slices of fresh
kiwifruit to promote healing of acute burn wounds.101,102 Specifically, wound surface area was significantly
smaller in rats administered kiwifruit dressings, compared with controls, and dry scars detached more rapidly
in the kiwifruit-treated group. Additionally, dramatic antibacterial and angiogenic actions of kiwifruit were
observed, compared with controls and with a group of rats treated with silver sulfadiazine cream, an
antibacterial ointment used in topical burn management.101 It was noted by the investigators that
among the kiwifruit-treated rodents, there were no positive cultures for Pseudomonas, Streptococcus, or
Staphylococcus. There were, however, inconsistent results between the 2 studies when the effect of kiwifruit
on blood vessel count and inflammation was evaluated. These disparities likely were due to differences in
experimental protocols. A suggested mechanism for the improved wound debridement involved the
beneficial proteolytic action of actinidin and other degradative enzymes known to be present in kiwifruit.
Components responsible for the antimicrobial, angiogenic, and anti-inflammatory actions of the kiwifruit
were not determined. Further characterization of this wound-healing effect of kiwifruit dressings is
warranted and should include determining what types of wounds exhibit improved healing and whether
different approaches to preparation of the kiwifruit-based dressings are effective. The fractions/components
of the kiwifruit that are responsible for the various beneficial outcomes need to be identified, and the
mechanisms underlying the improved healing need to be clarified. There remains a considerable challenge
in translating this wound-healing action of kiwifruit to the practical clinical care of human burn patients.

Treatment of skin disease

Pharmacological uses of extracts from Actinidia have been examined for treatment of inflammatory
skin diseases. Kiwifruit possesses a heterogeneous mix of water-soluble polysaccharides composed
predominantly of neutral galactan and highly acidic arabinorhamnogalacturonans.77,103 Purified
preparations of these polysaccharides from kiwifruit were investigated for their potential use as
pharmacological agents in dermatological treatment strategies.103 These fractions were found to
stimulate cell proliferation of human keratinocyte cultures. Furthermore, in an in- vitro 3-dimensional
skin equivalent model, these polysaccharides doubled collagen synthesis of fibroblasts. Kiwifruit
polysaccharides appeared, therefore, to exhibit potential benefit in modulating skin cell physiology.
Kiwifruit extracts have been studied in vivo in several animal studies as agents for the treatment of atopic
dermatitis (AD), a chronic inflammatory skin disease. Based on previous evidence that an extract of A arguta
(PG102) possessed orally active immune-modulating activity in mice,104 this preparation was subsequently tested
as a therapeutic agent for AD.105 In the NC/Nga murine model of human AD, PG102 extract administration
significantly suppressed dermatitis severity and was accompanied by the down-regulation of immunoglobulin E
(IgE) and IgG1 and of inflammatory cytokines involved in skin lesion progression. Moreover, epidermis/dermis
thickening and dermal infiltration of inflammatory cells were decreased. In another investigation, Kim et al106

reported similar beneficial effects of an orally administered A arguta extract toward chemically induced AD-like
skin lesions in NC/Nga mice. The A arguta extract also modulated biochemical markers of skin inflammation, an
effect that was similar to that of the 2 therapeutic drugs tacrolimus and dexamethasone, although the doses
among the 3 treatments were not equivalent. Another isolate from A arguta (DA-9102), when administered orally
to hairless rats, was reported to substantially suppress AD-like skin lesions in a magnesium deficiencyYinduced
dermatitis model.107 This beneficial skin response was accompanied by decreased levels of several cellular
and biochemical mediators of inflammation. An oral formulation of DA-9102 has been approved for a phase II
human trial by Dong-A Phar in Korea. Finally, another extract of A arguta (EFF1001) was observed to be
effective when used in adjunctive therapy for the treatment of mild to moderate AD in dogs.108 There
is some evidence from a human trial that oral inositol may improve symptoms in patients with psoriasis.109

Although evidence is accumulating that extracts of kiwifruit have pharmacological use in managing
skin disease, it is unclear whether dietary kiwifruit provides a benefit to those with dermatological conditions.

Antimicrobial actions

Extracts and proteins isolated from A chinensis and other kiwifruits have been reported to possess inhibitory
activity toward a variety of bacterial and fungal agents.110Y114 In contrast, one investigation reported only modest
antimicrobial effects of hexane, acetone, or water-methanol fractions of gold kiwifruit. No fractions were active against
Helicobacter pylori.1 Two reports observed anti-HIV activity of a methanol fraction isolated from gold kiwifruit.1,115 In
contrast to other plant cysteine proteases, no antihelminthic efficacy of kiwifruit proteases has been observed.116Y118

Preliminary

Continues
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TABLE Potential Health Benefits of Kiwifruit, continued

Scientific Evidence for Selected Uses Rating

Anticancer actions

There is a substantial amount of in vitro data indicating that kiwifruit extracts or its individual constituents
possess antimutagenic or antiproliferative actions that oppose the cancer process. However, supporting
information from animal and human clinical studies is limited.

Preliminary

Preclinical studies

Kiwifruit juice or its extracts were demonstrated to be antimutagenic toward several chemical carcinogens
including the heterocyclic amines, such as 2-amino-1-methyl-6-phenylimidazo[4,5-b]pyridine (PhIP) and
the imidazoquinolines (IQ, MeIQ) using several types of in vitro measurement systems.119Y121 Extracts
of kiwifruit also suppressed benzo(a)pyrene (BP)-induced mutagenicity122 and lastogenicity123 and
nitrosamine-induced mutagenicity.124,125 These actions are relevant to humans, because the heterocyclic
amines and the polycyclic aromatic hydrocarbon BP may be produced in foods as a consequence of
high-temperature cooking. Nitrosamines can be produced from nitrites and nitrates that are consumed
in certain foods such as bacon and cured meats. In contrast, extracts of kiwifruit and other fruits exhibited
weak to moderate comutagenic effects, particularly when evaluated at high doses in in vitro assays.126,127

The physiological relevance of these latter promutagenic in vitro findings is uncertain. Kiwifruit juice was
reported to show only a weak effect in inhibiting the activity of human cytochrome P450 3A, an enzyme
involved in drug carcinogen and xenobiotic metabolism.128 Regarding suppression of cancer cell
multiplication, extracts and individual isolates from Actinidia have been reported to be effective in
inhibiting proliferation of several cancer cell lines.1,128Y132 Corosolic acid isolated from Actinidia valvata
Dunn root effectively induced apoptotic cell death in human cervix adenocarcinoma cells,131 as did an
extract of Actinidia rufa root toward SGC 7901 human gastric tumor cells.132 Extracts of gold and green kiwifruit
counteracted H2O2-induced disruption of gap-junction intercellular communication (GJIC) using WB-F344
rat epithelial stem-like cells.133 Disruption of GJIC is often observed as normal cells are transformed into
cancerous cells. A role for inositol in protection against cancer has also been suggested.134

In several mouse models, extracts prepared from different portions of several Actinidia species have
demonstrated antitumor actions.135Y139 For example, polysaccharides isolated from A chinensis and Actinidia
eriantha roots suppressed tumorigenesis in transplantable mouse tumor models.136,140 This antitumor action
in part was associated with enhancement of immune responses. In light of these limited and preliminary
findings, it would be worthwhile to evaluate not only the pharmacological efficacy of kiwi plant extracts but
also the dietary effect of well-characterized juices or extracts on tumorigenesis in accepted models of
spontaneous or chemically induced cancers.

Human studies

Kiwifruit extracts have been reportedly used for centuries in traditional Chinese medicine to treat numerous
cancers.1,139 However, documented efficacy and possible mechanisms of action in these human cancer
applications remain unknown. Otherwise, kiwifruit uses in the prevention and therapy of human cancer
development have not been routinely evaluated. Rather, the impact of kiwifruit on putative human biomarkers
of cancer has been investigated. For example, 3 human intervention studies suggest that kiwifruit may protect
DNA from damage that could lead to the initiation of neoplasia.141 In a short-term crossover study, 6 volunteers
were given 500 mL of homogenized kiwifruit (equivalent to ~8 fruits). Blood subsequently was collected over
a 24-h period, and lymphocytes isolated. Measurement by the comet assay of endogenous DNA damage in
isolated lymphocytes showed no difference between the treatment group and the water controls. However,
another ex vivo measurement indicated that kiwifruit intake was associated with increased resistance of
lymphocyte DNA to H2O2-induced oxidative damage, compared with controls. In another investigation,
14 volunteers supplemented their diets with 1, 2, or 3 kiwifruits per day for 3 wk in a crossover design study
with a 2-wk washout period between doses.57 Subsequent ex vivo analysis of lymphocyte DNA by the
comet assay indicated that kiwifruit intake was associated with a marked decrease in levels of endogenous
oxidation of pyrimidines and purines, as well as a substantial increase in DNA repair capacity. An 8-wk
intervention trial,60,141 in which 33 volunteers consumed 3 kiwifruits per day, confirmed that intake of this
fruit was associated with a 13% decrease in DNA strand breaks using the comet assay. However, additional,
specific evaluation of kiwifruit’s effects on nucleotide excision repair and base excision repair capacities yielded
inconsistent results. It would be worthwhile to examine the time- and dose-dependent effects of kiwifruit
intake on other cancer biomarkers in humans. In light of the content of dietary fiber in kiwifruit and its actions
on fecal bulk and transit time, it would be of interest to determine whether this fruit may act as a dietary
antimutagen by reducing the fecal content of potential mutagens and carcinogens.22
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been expressed that some kiwifruit proteins may have been
added prematurely to the database without adequate sci-
entific rigor in assessing allergenicity.175 For example, clin-
ical data substantiating allergenicity may be limited or
derived from poorly controlled study populations. More-
over, scientific techniques used among laboratories to
identify food allergens may not be appropriately stan-
dardized, and inclusion of proteins into the allergen data-
bases may be based only on potentially unreliable in vitro
assays.161,175,176

It should be noted as well that additional issues may
complicate (and may introduce variability in) the accurate
assessment of whether kiwifruit may be allergenic and the
magnitude of individual responses that may follow in-
gestion. For example, expression of allergens within fruits
may be affected by species, cultivar, ripening stage of the
fruit, or postharvest treatment and storage conditions. This
information is often not well documented in literature re-
ports.30,157,161,175,177 The magnitude and patterns of re-
activity to kiwifruit allergens may vary because of ethnic/
geographical/cultural differences, age of subjects, and
other clinical characteristics of those exposed to kiwi-
fruit.156,158,160,178Y180 Lucas and Atkinson175 have provided
a detailed review of unresolved issues regarding kiwifruit
allergenicity and have suggested requirements to be met
prior to designation of allergens to a database. They also

have posed important questions that the scientific com-
munity needs to address in this arena. In light of these re-
ports of kiwifruit allergenicity, of practical interest to food
scientists is the finding that industrial heat treatment and
homogenization can make consumption safe for children
allergic to kiwifruit.181 Thus, processing may diminish the
risk of allergic symptoms in those with allergies to raw
kiwifruit.182

As mentioned previously, kiwifruit contains oxalate, much
of it present as calcium oxalate raphides, which in cer-
tain kiwifruit products may cause oral irritation.2 However,
storage of kiwifruit has been reported to diminish oxalate
content.12

SUMMARY

It is evident from the scientific literature that kiwifruit
has potentially beneficial actions in improving health in
several domains. The strongest evidence at this time sup-
ports a role for kiwifruit consumption in improving GI tract
function, especially in those with constipation or other
disorders. Overall, evidence for kiwifruit benefits needs
to be expanded through the conduct of well-controlled
human trials that utilize larger study populations and that
better define the role of kiwifruit dose ingested, the length
of kiwifruit consumption needed to obtain meaningful

TABLE Potential Health Benefits of Kiwifruit, continued

Scientific Evidence for Selected Uses Rating

Miscellaneous effects Preliminary

Two publications report that extracts of Actinidia species attenuated liver injury induced in rats by carbon
tetrachloride.142,143 This action of one of the extracts was attributed to its oleanolic acid content.143 There are
preliminary findings that kiwifruit extracts have the potential to modulate the immune system. For example,
Actinidia extracts significantly increased overall immune function in mice144 and promoted bone marrow
cell proliferation in vitro.145 Catechin isolated from A arguta Planch protected mice from myelosuppression
induced by 5-fluorouracil.146 These latter findings suggest that kiwifruit might have benefits in reducing
toxic adverse effects of chemotherapeutic agents.22 Feeding a gold kiwifruit puree to mice improved an
antigen-specific immune response, which led the authors to suggest that kiwifruit might be a new type
of functional food ingredient.147 It has been suggested that water-soluble extracts (PG102) prepared from
hardy kiwifruit, A arguta, may actually have potential use as orally active immune activators for the therapy
of allergic diseases.148,149 In an exploratory clinical trial, an extract of A arguta suppressed serum total
IgE levels even in asymptomatic subjects with atopy.150

Another possible use of kiwifruit was identified when an A chinensisYsupplemented sports drink was
provided to 25 athletes training in hot environments.151 For those consuming the beverage containing
kiwifruit, work time prior to exhaustion was lengthened. Furthermore, the blood volume of kiwifruit-drinking
subjects was expanded, blood glucose levels during extended training were maintained, and vitamin C
status of study participants was improved, compared with controls. In another human study, a randomized
controlled trial of 89 healthy women with low iron stores, consumption of gold kiwifruit along with an
iron-fortified breakfast cereal meal improved iron status, compared with controls.152 In a study of Chinese
subjects’ consumption of 2 kiwifruits 1 hour before bedtime for 4 wk improved sleep onset, duration,
and efficiency in 24 adults with self-reported sleep disturbances.153 Regarding food uses of kiwifruit
constituents, actinidin, in light of its proteolytic capacity, has been used to tenderize meat as well as to
improve emulsion stability, texture, and organoleptic properties of sausage products.154 Kiwifruit phenolics
also have been evaluated for their interactions with functional bread components during dough
development and bread baking.155
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physiological responses, and any differences due to
kiwifruit species or cultivar on biological end points. In
that regard, the bioavailability of specific kiwifruit con-
stituents, their subsequent metabolism and tissue distri-
bution, and ultimate biological actions toward specific
disease markers can be better characterized in appro-
priate animal models, and in some cases in humans. Un-
derstanding mechanisms of action of kiwifruit and its
bioactive constituents in promoting health need to be
more fully characterized. Also, determining preparation
and processing conditions needed to develop kiwifruit
products with demonstrated health benefits and dimin-
ished allergenicity as well as discovering new uses for
kiwifruit components in novel applications could further
expand the already growing markets for consumption of
this fruit.183Y185

REFERENCES
1. Motohashi N, Shirataki Y, Kawase M, et al. Cancer prevention

and therapy with kiwifruit in Chinese folklore medicine: a study
of kiwifruit extracts. J Ethnopharmacol. 2002;81:357Y364.

2. Ferguson A, Ferguson L. Are kiwifruit really good for you? Acta
Hortic. 2003;610:131Y135.

3. Nishiyama I. Fruits of the Actinidia genus. Adv Food Nutr Res.
2007;52:293Y324.

4. Ferguson A. Kiwifruit cultivars: breeding and selection. Acta
Hortic. 1999;498:43Y51.

5. Ferguson A. New temperate fruits: Actinidia chinensis and
Actinidia deliciosa. In: Janick J, ed Perspectives on New Crops and
Their Uses. Alexandria, VA: ASHS Press; 1999:342Y347.

6. Ferguson A, Huang H. Genetic resources of kiwifruit: domes-
tication and breeding. Hortic Rev. 2007;33:1Y121.

7. Garcia C, Quek S, Stevenson R, Winz R. Characterization of the
bound volatile extract from baby kiwi (Actinidia arguta). J Agric
Food Chem. 2011;59:8358Y8365.

8. Pero R. Health consequences of catabolic synthesis of hippuric
acid in humans. Curr Clin Pharmacol. 2010;5:67Y73.

9. Nishiyama I, Yamashita Y, Yamanaka M, Shimohashi A, Fukuda T,
Oota T. Varietal difference in vitamin C content in the fruit of
kiwifruit and other Actinidia species. J Agric Food Chem. 2004;
52:5472Y5475.

10. Perera C, Hallett I, Nguyen T, Charles J. Calcium oxalate crystals:
the irritant factor in kiwifruit. J Food Sci. 1990;55:1066Y1069.

11. RassamM, Laing W. Variation in ascorbic acid and oxalate levels
in the fruit of Actinidia chinensis tissues and genotypes. J Agric
Food Chem. 2005;53:2722Y2326.

12. Watanabe K, Takahashi B. Determination of soluble and insolu-
ble oxalate contents in kiwifruit (Actinidia deliciosa) and related
species. J Jpn Soc Hortic Sci. 1998;67:299Y305.

13. McGhie T, Ainge G. Color in fruit of the genus Actinidia: carot-
enoid and chlorophyll compositions. J Agric Food Chem. 2002;
50:117Y121.

14. Crowhurst R, Gleave A, MacRae E, et al. Analysis of expressed
sequence tags from Actinidia: applications of a cross species
EST database for gene discovery in the areas of flavor, health,
color and ripening. BMC Genomics. 2009;9:351Y377.

15. Celik A, Ercisli S, Turgut N. Some physical, pomological and
nutritional properties of kiwifruit cv. Hayward. Int J Food Sci
Nutr. 2007;58:411Y418.

16. Nishiyama I, Fukuda T, Oota T. Genotypic differences in chloro-
phyll, lutein and beta-carotene contents in the fruits of Actinidia
species. J Agric Food Chem. 2005;53:6403Y6407.

17. Kim H, Hartnett C, Scaman C. Free galactose content in selected
fresh fruits and vegetables and soy beverages. J Agric Food
Chem. 2007;55:8133Y8137.

18. Tyroller S, Zwickenpflug W, Richter E. New sources of dietary
myosmine uptake from cereals, fruits, vegetables and milk.
J Agric Food Chem. 2002;50:4909Y4915.

19. Gentili A, Caretti F, D’Ascenzo G, et al. Simultaneous determi-
nation of water-soluble vitamins in selected food matrices by
liquid chromatography/electrospray ionization tandem mass
spectrometry. Rapid CommMass Spectrom. 2008;22:2029Y2043.

20. Feldman J, Lee E. Serotonin content of foods: effect on urinary
excretion of 5-hydroxyindoleacetic acid. Am J Clin Nutr. 1985;
42:639Y643.

21. Bunzel M, Seiler A, Steinhart H. Characterization of dietary fiber
lignins from fruits and vegetables using the DFRC method.
J Agric Food Chem. 2005;53:9553Y9559.

22. Hunter D, Skinner M, Ferguson A, Stevenson L. Kiwifruit and
health. In: Watson R, Reedy V, eds. Bioactive Foods in Promoting
Health: Fruits and Vegetables. Atlanta, GA: Elsevier, Inc; 2010:
565Y580.

23. Antunes M, Dandlen S, Cavaco A, Miguel G. Effects of post-
harvest application of 1-MCP and postcutting dip treatment
on the quality and nutritional properties of fresh-cut kiwifruit.
J Agric Food Chem. 2010;58:6173Y6181.

24. Li M, Ma F, Liang D, Li J, Wang Y. Ascorbate biosynthesis during
early fruit development is the main reason for its accumulation
in kiwi. PLoS ONE. 2010;5:e14281Ye14288.

25. Szeto Y, Tomlinson B, Benzie I. Total antioxidant and ascorbic
acid content of fresh fruits and vegetables: implications for
dietary planning and food preservation. Br J Nutr. 2002;87:
55Y59.

26. Gil M, Aguayo E, Kader A. Quality changes and nutrient reten-
tion in fresh-cut versus whole fruits during storage. J Agric Food
Chem. 2006;54:4284Y4296.

27. Indrawati Arroqui C, Messagie I, Nguyen M, VanLoey A,
Hendrickx M. Comparative study on pressure and temperature
stability of 5-methyltetrahydrofolic acid in model systems and
in food products. J Agric Food Chem. 2004;52:485Y492.

28. Park Y, Jung S, Kang S, et al. Effect of ethylene treatment on
kiwifruit bioactivity. Plant Foods Hum Nutr. 2006;61:151Y156.

29. Li M, Ma F, Liu J, Li J. Shading the whole vines during young
fruit development decreases ascorbate accumulation in kiwi.
Physiol Plant. 2010;140:225Y237

30. Ciardiello M, Giangrieco I, Tuppo L, et al. Influence of the natural
ripening stage, cold storage, and ethylene treatment on the
protein and IgE-binding profiles of green and gold kiwi fruit
extracts. J Agric Food Chem. 2009;57:1565Y1571.

31. Jaeger S, Rossiter K, Wismer W, Harker F. Consumer-driven
product development in the kiwifruit industry. Food Qual Prefer.
2003;14:187Y198.

32. Harker F, Carr B, Lenjo M, et al. Consumer liking for kiwifruit
flavour: a meta-analysis of five studies on fruit quality. Food
Qual Prefer. 2009;20:30Y41.

33. Nardozza S, Gamble J, Axten L, et al. Dry matter content and
fruit size affect flavour and texture of novel Actinidia deliciosa
genotypes. J Sci Food Agricul. 2011;91:742Y748.

34. Harker F, Jaeger S, Lau K, Rossiter K. Consumer perceptions and
preferences for kiwifruit: a review. Acta Hortic. 2007;753:81Y88.

35. Jaeger S, Harker R, Triggs C, et al. Determining consumer pur-
chase intentions: the importance of dry matter, size and price
of kiwifruit. J Food Sci. 2011;76:S177YS181.

36. Yoshihara D, Fujiwara D, Suzuki K. Antioxidants: benefits and
risks for long-term health. Maturitas. 2010;67:103Y107.

37. Espin J, Garcia-Conesa M, Tomas-Barberian F. Nutraceuticals:
facts and fiction. Phytochemistry. 2007;68:2986Y3008.

38. Hunter D, Greenwood J, Zhang J, Skinner M. Antioxidant and
natural protective properties of kiwifruit. Curr Top Med Chem.
2011;11:1811Y1820.

Volume 47, Number 3, May/June 2012 Nutrition TodayR) 143

Copyright © 2012 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



39. Latocha P, Krupa T, Wolosiak R, Worobiej E, Wilczak J.
Antioxidant activity and chemical difference in fruit of different
Actinidia sp. Int J Food Sci Nutr. 2010;61:381Y394.

40. Fiorentino A, D’Abrosca B, Pacifico S, Mastellone C, Scognamiglio
M, Monaco P. Identification and assessment of antioxidant
capacity of phytochemicals from kiwi fruits. J Agric Food Chem.
2009;57:4148Y4155.

41. Park Y, Jung S, Kang S, et al. In vitro studies of polyphenols,
antioxidants and other dietary indices in kiwifruit (Actinidia
deliciosa). Int J Food Sci Nutr. 2006;57:107Y122.

42. Du G, Li M, Ma F, Liang A. Antioxidant capacity and the rela-
tionship with polyphenol and vitamin C in Actinidia fruits. Food
Chem. 2009;113:557Y562.

43. Montefiori M, McGhie T, Costa F, Ferguson A. Pigments in the
fruit of red-fleshed kiwifruit (Actinidia chinensis and Actinidia
deliciosa). J Agric Food Chem. 2005;53:9526Y9530.

44. Wang H, Cao G, Prior R. Total antioxidant capacity of fruits.
J Agric Food Chem. 1996;44:701Y705.

45. Beekwilder J, Hall R, C DeVos. Identification and dietary relevance
of antioxidants from raspberry. BioFactors. 2005;23:197Y205.

46. Iwasawa H, Morita E, Yu S, Yamazaki M. Anti-oxidant effects
of kiwi fruit in vitro and in vivo. Biol Pharm Bull. 2011;34:128Y134.

47. Kim Y, Kang H, Lee K, Choi J, Chung S. Antiinflammatory activity
of Actinidia polygama. Arch Pharm Res. 2003;26:1061Y1066.

48. Ren J, Han E, Chung S. In vivo and in vitro anti-inflammatory
activities of alpha-linolenic acid isolated from Actinidia poly-
gama fruits. Arch Pharm Res. 2007;30:708Y714.

49. Lee Y, Kim S, Seo Y, Roh S, Lee J. Inhibitory effects of Actinidia
polygama extract and cyclosporine A on OVA-induced eosino-
philia and bronchial hyperresponsiveness in murine model of
asthma. Int Immunopharmacol. 2006;6:703Y713.

50. Iwasawa H, Morita E, Ueda H, Yamazaki M. Influence of kiwi
fruit on immunity and its antioxidant effects in mice. Food Sci
Technol Res. 2010;16:135Y142.

51. Vissers M, Bozonet S, Pearson J, Braithwaite L. Dietary ascor-
bate intake affects steady state tissue concentrations in vitamin
C-deficient mice: tissue deficiency after suboptimal intake and
superior bioavailability from a food source (kiwifruit). Am J Clin
Nutr. 2011;93:292Y301.

52. Padayatty S, Levine M. Fruit and vegetables: think variety, go
ahead, eat! Am J Clin Nutr. 2008;87:5Y7.

53. Song J, Kwon O, Chen S, et al. Flavonoid inhibition of sodium-
dependent vitamin C transporter 1 (SVCT1) and glucose trans-
porter isoform 2 (GLUT2), intestinal transporters for vitamin C
and glucose. J Biol Chem. 2002;277:15252Y15260.

54. Kuriyama S, Ebihara S, Hozawa A, et al. Dietary intakes and
plasma 8-iso-prostaglandin F2a concentrations in community-
dwelling elderly Japanese: the Tsurugaya project. Int J Vitam
Nutr Res. 2006;76:87Y94.

55. Ko S, Choi S, Ye S, Cho B, Kim H, Chung M. Comparison of the
antioxidant activities of nine different fruits in human plasma.
J Med Food. 2005;8:41Y46.

56. Prior R, Gu L, Wu X, et al. Plasma antioxidant capacity changes
following a meal as a measure of the ability of a food to alter
in vitro antioxidant status. J Am Coll Nutr. 2007;26:170Y181.

57. Collins A, Harrington V, Drew J, Melvin R. Nutritional modulation
of DNA repair in a human intervention study. Carcinogenesis.
2003;24:511Y515.

58. Brevik A, Gaivao I, Medin T, et al. Supplementation of a western
diet with golden kiwifruit (Actinidia chinensis var. Hort 16A) ef-
fects on biomarkers of oxidative damage and antioxidant pro-
tection. Nutr J. 2011;10:54Y63.

59. Collins B, Horska A, Hotten P, Riddoch C, Collins A. Kiwifruit
protects against oxidative DNA damage in human cells and
in vitro. Nutr Cancer. 2001;39:145Y153.

60. Brevik A, Karlsen A, Azqueta A, Esteban A, Blomhoff R, Collins A.
Both base excision repair and nucleotide excision repair in

humans are influenced by nutritional factors. Cell Biochem
Funct. 2011;29:36Y42.

61. Bohn S, Myhrstad M, Thoresen M, et al. Blood cell gene ex-
pression associated with cellular stress defense is modulated
by antioxidant-rich food in a randomized controlled clinical trial
of male smokers. BMC Med. 2010;8:54Y69.

62. Forastiere F, Pistelli R, Sastini P, et al. Consumption of fresh fruit
rich in vitamin C and wheezing symptoms in children. Thorax.
2000;55:283Y288.

63. Howlett A, Ohlsson A. Inositol for respiratory distress syn-
drome in preterm infants. Cochrane Database Syst Rev. 2003;(4):
CD000366.

64. Sun-Waterhouse D, Chen J, Chuah C, et al. Kiwifruit-based poly-
phenols and related antioxidants for functional foods: kiwifruit
extract-enhanced gluten-free bread. Int J Food Sci Nutr. 2009;60:
251Y264.

65. Oozeer R, Rescigno M, Ross R, et al. Gut health: predictive bio-
markers for preventive medicine and development of func-
tional foods. Br J Nutr. 2010;103:1539Y1544.

66. Kaur L, Rutherfurd S, Moughan P, Drummond L, Boland M.
Actinidin enhances gastric protein digestion as assessed using
an in vitro gastric digestion model. J Agric Food Chem. 2020;58:
5068Y5073.

67. Kaur L, Rutherfurd S, Moughan P, Drummond L, Boland M.
Actinidin enhances protein digestion in the small intestine as
assessed using an in vitro digestion model. J Agric Food Chem.
2010;58:5074Y5080.

68. Thomas L, Low C, Webb C, Ramos E, Panarese A, Clarke R.
Naturally occurring fruit juices dislodge meat bolus obstruction
in vitro. Clin Otolaryngol. 2004;29:694Y697.

69. Philpott M, Mackay L, Ferguson L, Forbes D, Skinner M. Cell
culture models in developing nutrigenomics foods for inflam-
matory bowel disease. Mutat Res. 2007;622:94Y102.

70. Edmunds S, Roy N, Love D, Laing W. Kiwifruit extracts inhibit
cytokine production by lipopolysaccharide-activated macro-
phages and intestinal epithelial cells isolated from IL10 gene
deficient mice. Cell Immunol. 2011;270:70Y79.

71. Ciardiello M, Meleleo D, Saviano G, et al. Kissper, a kiwifruit
peptide with channel-like activity: structural and functional
features. J Pept Sci. 2008;14:742Y754.

72. Bunzel M, Ralph J. NMR characterization of lignins isolated from
fruit and vegetable insoluble dietary fiber. J Agric Food Chem.
2006;54:8352Y8361.

73. DeLillo A, Rose S. Functional bowel disorders in the geriatric
patient: constipation, fecal impaction, and fecal incontinence.
Am J Gastroenterol. 2000;95:901Y905.

74. Rush E, Patel M, Plank L, Ferguson L. Kiwifruit promotes laxation
in the elderly. Asia Pac J Clin Nutr. 2002;11:164Y168.

75. Chan A, Leung G, Tong T, Wong N. Increasing dietary fiber
intake in terms of kiwifruit improves constipation in Chinese
patients. World J Gastroenterol. 2007;13:4771Y4775.

76. Chang C, Lin Y, Lu Y, Liu Y, Liu J. Kiwifruit improves bowel func-
tion in patients with irritable bowel syndrome with constipa-
tion. Asia Pac J Clin Nutr. 2010;19:451Y457.

77. Redgwell R. Cell-wall polysaccharides of kiwi fruits (Actinidia
deliciosa): chemical features in different tissue zones of the fruit
at harvest. Carbohydr Res. 1988;182:241Y258.

78. Redgwell R, MacRae E, Hallert I, Fischer M, Perry J, Harker R.
In vivo and in vitro swelling of cell walls during fruit ripening.
Planta. 1997;203:163Y173.

79. McBurney M, Thompson L. Effect of human faecal donor on
in vitro fermentation variables. Scan J Gastroenterol. 1989;24:
359Y367.

80. Han K, Balan P, Molist-Gasa F, Boland M. Green kiwifruit modu-
lates the colonic microbiota in growing pigs. Lett Appl Microbiol.
2011;52:379Y385.

81. Ley R. Obesity and the human microbiome. Curr Opin Gastro-
enterol. 2010;26:5Y11.

144 Nutrition TodayR) Volume 47, Number 3, May/June 2012

Copyright © 2012 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



82. Lampe J. The HumanMicrobiome Project: getting to the guts of
the matter in cancer epidemiology. Cancer Epidemiol Biomarkers
Prev. 2008;17:2523Y2528.

83. Pero R, Lund H. Dietary quinic acid supplied as the nutritional
supplement AIO+AC-11R) leads to induction of micromolar levels
of nicotaminamide and tryptophan in the urine. Phytother Res.
2011;25:851Y857.

84. Pero R, Lund H, Leanderson T. Antioxidant metabolism induced
by quinic acid: increased urinary excretion of tryptophan and
nicotinamide. Phytother Res. 2009;23:335Y346.

85. Sheng Y, Akesson C, Holmgren K, Bryngelsson C, Giamapa V, Pero R.
An active ingredient in cat’s claw water extracts: identification
and efficacy of quinic acid. J Ethnopharmacol. 2005;96:577Y584.

86. Marsh K, Boldingh H, Cheng C. Quinic acid composition in
Actinidia. Acta Hortic. 2007;753:447Y452.

87. Kahle K, Huemmer W, Kempf M, Scheppach W, Erk T, Richling E.
Polyphenols are intensively metabolized in the human gastro-
intestinal tract after apple juice consumption. J Agric Food Chem.
2007;55:10605Y10614.

88. Xu H, Xu H, Ryan D. A study of the comparative effects of
hawthorn fruit compound and simvastatin on lowering blood
lipid levels. Am J Chin Med. 2009;37:903Y908.

89. Shirosaki M, Koyama T, Yazawa K. Anti-hyperglycemic activity
of kiwifruit leaf (Actinidia deliciosa) in mice. Biosci Biotechnol
Biochem. 2008;72:1099Y1102.

90. Kim J, Jang D, Kim H, Kim J. Anti-lipase and lipolytic activities of
ursolic acid isolated from the roots of Actinidia arguta. Arch
Pharm Res. 2009;32:983Y987.

91. Jang D, Lee G, Kim J, et al. A new pancreatic lipase inhibitor
isolated from the roots of Actinidia arguta. Arch Pharm Res.
2008;31:666Y670.

92. Abe D, Saito T, Kubo Y, Nakamura Y, Sekiya K. A fraction of
unripe kiwifruit extract regulates adipocyte differentiation and
function in 3T3-L1 cells. Biofactors. 2010;36:52Y59.

93. Jang D, Lee G, Lee Y, et al. Flavan-3-ols having a gamma-lactam
from the roots of Actinidia arguta inhibit the formation of ad-
vanced glycation end products in vitro. Chem Pharm Bull. 2009;
57:397Y400.

94. Wentzel P. Can we prevent diabetic birth defects with micro-
nutrients? Diabetes Obes Metab. 2009;11:770Y778.

95. Holub B. The nutritional significance, metabolism and function
of myo-inositol and phosphatidylinositol in health and disease.
Adv Nutr Res. 1982;4:107Y141.

96. Duttaroy A, Jorgenson A. Effects of kiwifruit consumption on
platelet aggregation and plasma lipids in healthy human vol-
unteers. Platelets. 2004;15:287Y292.

97. Chang W, Liu J. Effects of kiwifruit consumption on serum lipid
profiles and antioxidative status in hyperlipidemic subjects. Int
J Food Sci Nutr. 2009;60:709Y716.

98. Rush E, Cumin M, Migriauli L, Ferguson L, Plank L. One year
sustainability of risk factor change from 9-week workplace in-
tervention [published online ahead of print February 10, 2010].
J Environ Public Health. 2009;2009:569104.

99. Rush E, Ferguson L, Cumin M, Thakur V, Karunasinghe N, Plank L.
Kiwifruit consumption reduces DNA fragility: a randomized con-
trolled pilot study in volunteers. Nutr Res. 2006;26:197Y201.

100. Maeba R, Hara H, Ishikawa H, et al. Myo-inositol treatment
increases serum plasmagens and decreases small dense LDL,
particularly in hyperlipidemic patients withmetabolic syndrome.
J Nutr Sci Vitaminol. 2008;54:196Y202.

101. Mohajeri G, Masoudpour H, Heidarpour M, et al. The effect of
dressing with fresh kiwifruit on burn wound healing. Surgery.
2010;148:963Y968.

102. Hafezi F, Rad H, Naghibzadeh B, Nouhi A, Naghibzadeh G.
Actinidia deliciosa (kiwifruit), a new drug for enzymatic de-
bridement of acute burn wounds. Burns. 2010;36:352Y355.

103. Deters A, Schroder K, Hensel A. Kiwi fruit (Actinidia chinensis L.)

polysaccharides exert stimulating effects on cell proliferation
via enhanced growth factor receptors, energy production and
collagen synthesis of human keratinocytes, fibroblasts and skin
equivalents. J Cell Physiol. 2005;202:717Y722.

104. Park E, Kim B, Eo H, et al. Control of IgE and selective T(H)1 and
T(H)2 cytokines by PG102 isolated from Actinidia arguta. J Allergy
Clin Immunol. 2005;116:1151Y1157.

105. Park E, Park K, Eo H, et al. Suppression of spontaneous der-
matitis in NC/Nga murine model by PG102 isolated from
Actinidia arguta. J Invest Dermatol. 2007;127:1154Y1160.

106. Kim J, Lee I, Son M, Kim K. Effects of orally administered
Actinidia arguta (hardy kiwi) fruit extract on 2-chloro-1,3,5-
trinitrobenzene-induced atopic dermatitis-like skin lesions in
NC/Nga mice. J Med Food. 2009;12:1004Y1015.

107. Choi J, Park B, Kim D, et al. Blockade of atopic dermatitis-like skin
lesions by DA-9102, a natural medicine isolated from Actinidia
arguta, in the Mg-deficiency induced dermatitis model of hair-
less rats. Exp Biol Med. 2008;233:1026Y1034.

108. Marsella R, Messinger L, Zabel S, et al. A randomized, double-
blind, placebo-controlled study to evaluate the effect of EFF1001,
an Actinidia arguta (hardy kiwi) preparation, on CADESI score
and pruritus in dogs with mild to moderate atopic dermatitis. Vet
Dermatol. 2010;21:50Y57.

109. Ricketts J, Rothe M, Grant-kels J. Nutrition and psoriasis. Clin
Dermatol. 2010;28:614Y626.

110. Xia L, Ng T. Actinchinin, a novel antifungal protein from the
gold kiwifruit. Peptides. 2004;25:1093Y1098.

111. Wang H, Ng T. Isolation of an antifungal thaumatin-like protein
from kiwi fruits. Phytochemistry. 2002;61:1Y6.

112. Basile A, Vuotto M, Violante U, Sorbo S, Martone G, Castaldo-
Cobianchi R. Antibacterial activity in Actinidia chinensis, Feijoa
sellowiana and Alberia caffra. Int J Antimicrob Agents. 1997;8:
198Y203.

113. Lu Y, Zhao Y, Wang Z, Chen S, Fu C. Comparison and anti-
microbial activity of the essential oil of Actinidia macrosperma
from China. Nat Prod Res. 2007;21:227Y233.

114. Lahlou E, Hirai N, Kamo T, Tsuda M, Ohigashi H. Actinidic acid, a
new triterpene phytoalexin from unripe kiwi fruit. Biosci Biotechnol
Biochem. 2001;65:480Y483.

115. Motohashi N, Shirataki Y, Kawase M, et al. Biological activity of
kiwifruit peel extracts. Phytother Res. 2001;15:337Y343.

116. Stepek G, Lowe A, Buttle D, Duce I, Behnke J. In vitro and in vivo
antihelminthic efficacy of plant cysteine proteases against the
rodent gastrointestinal nematode, Trichuris muris. Parasitology.
2006;132:681Y689.

117. Stepek G, Buttle D, Duce I, Lowe A, Behnke J. Assessment of
the antihelminthic effect of natural plant cysteine proteases
against the gastrointestinal nematode, Heligmosomoides poly-
gyrus, in vitro. Parasitology. 2005;130:203Y211.

118. Stepek G, Lowe A, Buttle D, Duce I, Behnke J. Anti-helminthic
action of plant cysteine proteinases against the rodent stomach
nematode, Protospirura muricola, in vitro and in vivo. Parasitology.
2007;134:103Y112.

119. Edenharder R, Kurz P, John K, Bugard S, Seeger K. In vitro effect
of vegetable and fruit juices on the mutagenicity of 2-amino-3-
methylimidazo[4,5-f]quinoline, 2-amino-3,4-dimethylimidazo[4,5-f]
quinolineand2-amino-3,8-dimethylimidazo[4,5-f]quinoxaline. Food
Chem Toxicol. 1994;32:443Y459.

120. Edenharder R, Sager J, Glatt H, Muckel E, Platt K. Protection
by beverages, fruits, vegetables, herbs and flavonoids against
genotoxicity of 2-acetylaminofluorenes and 2-amino-1-methyl-
6-phenylimidazo[4,5-b]pyridine (PhIP) in metabolically compe-
tent V79 cells. Mutat Res. 2002;521:57Y72.

121. Platt K, Edenharder R, Aderhold S, Muckel E, Glatt H. Fruits and
vegetables protect against the genotoxicity of heterocyclic
aromatic amines activated by human xenobiotic-metabolizing
enzymes expressed in immortal mammalian cells. Mutat Res.
2010;703:90Y98.

Volume 47, Number 3, May/June 2012 Nutrition TodayR) 145

Copyright © 2012 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



122. Lee H, Lin J. Antimutagenic activity of extracts from anticancer
drugs in Chinese medicine. Mutat Res. 1988;204:229Y234.

123. Edenharder R, Frangart J, Hager M, Hofmann P, Rauscher R.
Protective effects of fruits and vegetables against in vivo clasto-
genicity of cyclophosphamide or benzo(a)pyrene in mice. Food
Chem Toxicol. 1998;36:637Y645.

124. Ikken Y, Morales P, Martinez A, Marin M, Haza A, Cambero M.
Antimutagenic effect of fruit and vegetable ethanolic extracts
against N-nitrosamines evaluated by the Ames test. J Agric
Food Chem. 1999;47:3257Y3264.

125. Song P, Zhang L, Li Y, Ding L, Tannenbaum S, Wishnok J. The
blocking effects of Chinese Actinidia sinensis juice on N-
nitrosamine formation in vitro and in vivo. IARC Sci Publ. 1984;
57:231Y235.

126. Tang X, Edenharder R. Inhibition of the mutagenicity of 2-
nitrofluorene-3-nitrofluoranthene and 1-nitropyrene by vitamins,
porphyrins, and related compounds, and vegetable and fruit
juices and solvent extracts. Food Chem Toxicol. 1997;35:373Y378.

127. Spada P, DeSouza G, Bortolini G, Henriques J, Slavador M.
Antioxidant, mutagenic, and antimutagenic activity of frozen
fruit. J Med Food. 2008;11:144Y151.

128. Hidaka M, Fujita K, Ogikubo T, et al. Potent inhibition by star
fruit of human cytochrome P450 3A (CYP3A) activity. Drug
Metab Dispos. 2004;32:581Y583.

129. Yoshizawa Y, Kawaii S, Urashima M, et al. Antiproliferative ef-
fects of small fruit juices on several cancer lines. Anticancer Res.
2000;20:4285Y4290.

130. Xu Y, Xiang Z, Jin Y, Shen Y, Chen H. Two new triterpenoids from
the roots of Actinidia chinensis. Fitoterapia. 2010;81:920Y924.

131. Xu Y, Ge R, Du J, et al. Corosolic acid induces apoptosis through
mitochondrial pathway and caspases activation in human cervix
adenocarcinoma HeLa cells. Cancer Lett. 2009;284:229Y237.

132. Lin G, Zhong Z, ZhangW, Zhang F, Chen X, Huang C. Anti-tumor
mechanism of active components from extract of Actinidia rufa
root. Zhongguo Zhong Yao Za Zhi. 2008;33:2100Y2014.

133. Lee D, Shin B, Hur H, et al. Quercetin the active phenolic
component of kiwifruit prevents hydrogen peroxide-induced
inhibition of gap-junction intercellular communication. Br J
Nutr. 2010;104:164Y170.

134. Vucenik I, Shamsuddin A. Protection against cancer by dietary
IP6 and inositol. Nutr Cancer. 2006;55:109Y125.

135. Wang L, Kang C, YangW, et al. Experimental study on antitumor
effects of extracts from Actinidia arguta. Zhongguo Zhong Yao
Za Zhi. 2010;35:2184Y2186.

136. Liang J, Wang X, Zhen H, et al. Study on antitumor effects
of extractions from roots of Actinidia deliciosa. Zhong Yao Chi.
2007;30:1279Y1282.

137. Lin P. Antitumor effect of Actinidia chinensis polysaccharide on
murine tumor. Zhonggua Zhong Liu Za Zhi. 1988;10:441Y444.

138. Zhang Y, Liu L, Ling C. Inhibition effect of active fraction from
Actinidia valvata on growth of transplanted mouse tumor cells
and preliminary study of its mechanism. Zhongguo Zhong Yao
Za Zhi. 2006;31:918Y920.

139. Wang Z, Song Y, Hu J, You B. Morphological identification and
the clinical application of the roots of Actinidia chinensis and
Actinidia valvata. Pharm Care Res. 2005;5:134Y137.

140. Xu H, Wu Y, Xu S, Sun H, Chen F, Yao L. Antitumor and im-
munomodulatory activity of polysaccharides from the roots of
Actinidia eriantha. J Ethnopharmacol. 2009;125:310Y317.

141. Freese R. Markers of oxidative DNA damage in human inter-
ventions with fruit and berries. Nutr Cancer. 2006;54:143Y147.

142. Liao J, Lin K, Cheng H, Wu J, Hsieh M, Feng W. Actinidia
rubricaulis attenuates hepatic fibrosis induced by carbon tetra-
chloride in rats. Am J Chin Med. 2007;35:81Y88.

143. Bai X, Qui A, Guan J, Shi Z. Antioxidant and protective effect
of an oleanolic acid-enriched extract of A. deliciosa root on
carbon tetrachloride induced rat liver injury. Asia Pac J Clin Nutr.
2007;16:S169YS173.

144. Lu Y, Fan J, Chen S, Zheng X, Yin Y, Fu C. Immunomodulatory
activity of aqueous extract of Actinidia macrosperma. Asia Pac
J Clin Nutr. 2007;16:S261YS265.

145. Takano F, Tanaka T, Tsukamoto E, Yahagi N, Fushiya S. Isolation
of (+)-catechin and (-)-epicatechin from Actinidia arguta as
bone marrow cell proliferation promoting compounds. Planta
Med. 2003;69:321Y326.

146. Takano F, Tanaka T, Aoi J, Yahagi N, Fushiya S. Protective effect
of (+)-catechin against 5-fluorouracilYinduced myelosuppression
in mice. Toxicol. 2004;201:133Y142.

147. Hunter D, Denis M, Parlane N, Buddle B, Stevenson L, Skinner M.
Feeding ZESPRI GOLD kiwifruit puree to mice enhances serum
immunoglobulins specific for ovalbumin and stimulates ovalbumin-
specific mesenteric lymph node cell proliferation in response to
orally administered ovalbumin. Nutr Res. 2008;28:251Y257.

148. Kim D, Kim S, Kang C, Cho S, Kim S. Anti-allergic effects of
PG102, a water-soluble extract prepared from Actinidia arguta,
in a murine ovalbumin-induced asthma model. Clin Exp Allergy.
2008;39:280Y289.

149. Park E, Kim B, Eo H, et al. Control of IgE selective TH1 and TH2
cytokines by PG102 isolated from Actinidia arguta. J Allergy Clin
Immunol. 2005;116:1151Y1157.

150. Kim S, Kim S, Lee S, et al. The effects of PG102, a water-soluble
extract from Actinidia arguta, on serum total IgE levels; a
double-blind, randomized, placebo-controlled exploratory clin-
ical study. Eur J Nutr. 2011;50:523Y529.

151. Di C, Yi Y, Hwi M, Chiu Z. The effects of Actinidia sinensis Planch
(kiwi) drink supplementation on athletes training in hot en-
vironments. J Sports Med Phys Fitn. 1990;30:181Y184.

152. Beck K, Conlon C, Kruger R, Coad J, Stonehouse W. Gold
kiwifruit consumed with an iron-fortified breakfast cereal meal
improves iron status in women with low iron stores: a 16-week
randomized controlled trial. Br J Nutr. 2011;105:101Y109.

153. Lin H, Tsau P, Fang S, Liu J. Effect of kiwifruit consumption on
sleep quality in adults with sleep problems. Asia Pac J Clin Nutr.
2011;20:169Y174.

154. Aminlari M, Shekarforoush S, Gheisari H, Golestan L. Effect of
actinidin on the protein solubility, water holding capacity, tex-
ture, electrophoretic pattern of beef, and on the quality attri-
butes of a sausage product. J Food Sci. 2009;74:C221YC225.

155. Sivam A, Sun-Waterhouse D, Waterhouse G, Quek S, Perrera C.
Physiochemical properties of bread dough and finished bread
with added pectin fiber and phenolic antioxidants. J Food Sci.
2011;76:H97YH107.

156. Lucas J, Grimshaw K, Collins K, Warner J, Hourihane J. Kiwi fruit
is a significant allergen and is associated with differing patterns
of reactivity in adults and children. Clin Exp Allergy. 2004;34:
1115Y1121.

157. Lucas J, Lewis S, Trewin J, Grimshaw K, Warner J, Hourihane J.
Comparison of the allergenicity of Actinidia deliciosa (kiwi fruit)
and Actinidia chinensis (gold kiwi). Pediatr Allergy Immunol.
2005;16:647Y654.

158. Bublin M, Mari A, Ebner C, et al. IgE sensitization profiles to-
ward green and gold kiwifruits differ among patients allergic to
kiwifruit from 3 European countries. J Allergy Clin Immunol. 2004;
114:1169Y1175.

159. Ballmer-Weber B, Hoffmann-Sommergruber K. Molecular di-
agnosis of fruit and vegetable allergy. Curr Opin Allergy Clin
Immunol. 2011;11:229Y235.

160. Dias R, Summerfield A, Khakoo G. Food hypersensitivity among
Caucasian and non-Caucasian children. Pediatr Allergy Immunol.
2008;19:86Y89.

161. Lucas J, Lewis S, Hourihane J. Kiwi fruit allergy: a review. Pediatr
Allergy Immunol. 2003;14:420Y428.

162. Kerzl R, Simonowa A, Ring J, Ollert M, Mempel M. Life-
threatening anaphylaxis to kiwi fruit: protective sublingual aller-
gen immunotherapy effect persists even after discontinuation.
J Allergy Clin Immunol. 2006;119:507Y508.

146 Nutrition TodayR) Volume 47, Number 3, May/June 2012

Copyright © 2012 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



163. Mempel R, Rakoski J, Ring J, Ollert M. Severe anaphylaxis to
kiwi fruit: immunologic changes related to successful sublin-
gual allergen immunotherapy. J Allergy Clin Immunol. 2003;111:
1406Y1409.

164. Le T, Lindner T, Pasmans S, et al. Reported food allergy to pea-
nut, tree nuts and fruit: comparison of clinical manifestations,
prescription of medication and impact on daily life. Allergy.
2008;63:910Y916.

165. Osterballe M, Mortz C, Hansen T, Andersen K, Bindslev-Jensen C.
The prevalence of food hypersensitivity in young adults. Pediatr
Allergy Immunol. 2009;20:686Y692.

166. Roehr C, Edenharter G, Reimann S, et al. Food allergy and non-
allergic food hypersensitivity in children and adolescents. Clin
Exp Allergy. 2004;34:1534Y1541.

167. Bublin M, Radauer C, Knulst A, et al. Effects of gastrointestinal
digestion and heating on the allergenicity of the kiwi allergens
Act d1, actinidin, and Act d2, a thaumatin-like protein.Mol Nutr
Food Res. 2008;52:1130Y1139.

168. Lucas J, Cochrane S, Warner J, Hourihane J. The effect of
digestion and pH on the allergenicity of kiwifruit proteins.
Pediatr Allergy Immunol. 2008;19:392Y398.

169. Asero R, Mistrello G, Roncarolo D, et al. Lipid transfer protein: a
pan-allergen in plant-derived foods that is highly resistant to
pepsin digestion. Int Arch Allergy Innumol. 2000;122:20Y32.

170. Polovic N, Blanusa M, Gavrovic-Jankulovic M, et al. A matrix
effect in pectin-rich fruits hampers digestion of allergen by
pepsin in vivo and in vitro. Clin Exp Allergy. 2007;37:764Y771.

171. Bublin M, Pfister M, Radauer C, et al. Component-resolved
diagnosis of kiwifruit allergy with purified natural and re-
combinant kiwifruit allergens. J Allergy Clin Immunol. 2010;125:
687Y694.

172. Oberhuber C, Bulley S, Ballmer-Weber B, et al. Characterization
of Ber v 1-related allergens from kiwifruit relevant for patients
with combined kiwifruit and birch pollen allergy.Mol Nutr Food
Res. 2008;52:S230YS240.

173. Asero R, Jimeno L, Barber D. Component-resolved diagnosis of
plant food allergy by SPT. Eur Ann Allergy Clin Immunol. 2008;
40:115Y121.

174. Bublin M, Dennstedt S, Buchegger M, et al. The performance

of a component-based allergen microarray for the diagnosis
of kiwifruit allergy. Clin Exp Allergy. 2011;141:129Y136.

175. Lucas J, Atkinson R. What is a food allergen? Clin Exp Allergy.
2008;38:1095Y1099.

176. Bernardi M, Picone D, Tuppo L, et al. Physico-chemical features
of the environment affect the protein conformation and the
immunoglobulin E reactivity of kiwellin (Act d5). Clin Exp Allergy.
2010;40:1819Y1826.

177. Le T, Fritsche P, Bublin M, et al. Differences in the allergenicity
of 6 different kiwifruit cultivars analyzed by prick-to-prick test-
ing, open food challenges and ELISA. J Allergy Clin Immunol.
2011;127:677Y679.

178. Palacin A, Rodriguez J, Blanco C, et al. Immunoglobulin E rec-
ognition patterns to purified kiwifruit (Actinidinia deliciosa)
allergens in patients sensitized to kiwi with different clinical
symptoms. Clin Exp Allergy. 2008;38:1220Y1228.

179. Lucas J, Nieuwenhuizen N, Atkinson R, et al. Kiwifruit allergy:
actinidin is not a major allergen in the United Kingdom. Clin Exp
Allergy. 2007;34:1340Y1348.

180. Aleman A, Sastre J, Qiurce S, et al. Allergy to kiwi: a double-
blind, placebo-controlled food challenge study in patients from
a birch-free area. J Allergy Clin Immunol. 2004;113:543Y550.

181. Fiocchi A, Restani P, Bernardo L, et al. Tolerance of heat-treated
kiwi by children with kiwifruit allergy. Pediatr Allergy Immunol.
2004;15:454Y458.

182. Chen L, Lucas J, Hourihane J, Lindemann J, Taylor S, Goodman R.
Evaluation of IgE binding to proteins of hardy (Actinidia arguta),
gold (Actinidia chinensis) and green (Actinidia deliciosa) kiwifruits
and processed hardy kiwifruit concentrate, using sera of indi-
viduals with food allergies to green kiwifruit. Food Chem Toxicol.
2006;44:1100Y1107.

183. Stanley R, Wegrzyn T, Saleh Z. Kiwifruit processed products.
Acta Hortic. 2007;753:795Y800.

184. Vaidya D, Vaidya M, Sharma P. Development of value-added
products from kiwifruit in India. Acta Hortic. 2007;753:809Y816.

185. Ying D, Parkar S, Luo X, Seelye R, Sharpe J, Barker D. Micro-
encapsulation of probiotics using kiwifruit polysaccharide and
alginate chitosan. Acta Hortic. 2007;753:801Y808.

BURROWES NAMED LONG ISLAND UNIVERSITY PROFESSOR

Congratulations to Nutrition Today Editorial Board member, Jerrilynn Burrowes, PhD, to Full Professor at C. W. Post,
Long Island University. Burrowes is the chair of the Department of Nutrition and a nationally recognized clinical
nutrition leader in the field of kidney disease. Prior to her appointment at C. W. Post, Burrowes was the research
coordinator for the Division of Nephrology and Hypertension at Beth Israel Medical Center in New York City, where
she was actively involved as an investigator and collaborator on one of the landmark National Institutes of
HealthYsponsored clinical trials of morbidity and mortality in people receiving maintenance hemodialysis of the
past decade, the Hemodialysis (HEMO) Study. She is the author and coauthor of numerous research and review
articles published in refereed journals relating to the HEMO Study and other topics. In addition, she is the coeditor
of a textbook published by Humana Press in 2008 entitled Nutrition in Kidney Disease.
Burrowes’s research currently centers on the nutrition assessment and management of adults with stage 5 chronic
kidney disease (CKD) who are receiving maintenance dialysis. Dr Burrowes has held many leadership and advisory
roles in professional organizations and societies, and she has served on numerous association committees. She has
served as a member of the advisory board for the National Kidney Foundation (NKF) Kidney Disease Outcomes
Quality Initiative and the nutrition work group for the NKF Dialysis Outcomes Quality Initiative, which developed
clinical practice guidelines in nutrition for people with CKD. Burrowes is the editor-in-chief of the Journal of Renal
Nutrition. Congratulations on this well deserved honor!
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