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Native to mountainous South and Central China, Actinidia species culture has expanded and spread in
many countries due to the commercial character and great taste of fruits. Nowadays, is an important
crop in China, Italy, New Zealand, Turkey and lately there are concerns regarding this culture in
Romania. Kiwifruit are one of the most nutrient-rich fruits with high content in vitamin C, potassium,
phytochemicals, fibre. The components found in kiwi may act synergistically and in many cases,
improve health of the consumers. There are many scientific evidences that sustain the beneficial
effects of kiwi consumption that are presented in a systematic manner in this paper.
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INTRODUCTION

Recently, kiwifruit consumption increased
significantly, having in view its high nutritive
and medicinal attributes. Worldwide, kiwifruit
represent a minor crop amounting 0.2-0.3% from
total fresh fruit production'.

In 1970 were less than 1000 ha of kiwifruit
planted in world, outside of China, and in 2010 was
estimated the area of kiwifruit, including China, to be
over 160,000 ha”. Only four species of Actinidia are
of interest with the purpose of fruit production:
A.chinensis Planch var.chinensis (golden kiwifruit),
A.chinensis Planch var.deliciosa (A.Chev.) (green or
fuzzy kiwifruit), 4. kolomikta (Maxim.) Maxim. and
A. arguta (Siebold et Zucc.) Planch. ex Miq (baby
kiwifruit)’. Even if kiwifruit represents an important
horticultural crop in China, Italy, New Zealand,
nowadays there are interest regarding this culture in
Romania, for instance the mild microclimates where
peach, apricot and almond trees grow.

On the international market are available
mainly two kiwifruit cultivars: Actinidia deliciosa
cv. ‘Hayward’ (green flesh) and Actinidia
chinensis cv. ‘Hortl6A’ (yellow fleshed) that
present differences in chemical composition and
taste’. About 80% of total area planted with
kiwifruit throughout the world is with 4. deliciosa,
meanwhile the rest is represented by A.chinensis.
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Consequently, ‘Hayward’ cultivar accounts for
about 70% of the kiwifruit traded worldwide”.

The aim of the present work is to provide
systematization and an overview of extensive
literature data on kiwifruit to evidence the
importance of kiwifruit consumption associated
with its chemical composition.

CHEMICAL COMPOSITION OF KIWIFRUIT
Vitamins

Literature studies indicate that ascorbic acid
content in kiwifruits is higher than that found in
orange, strawberry, lemon and grapefruits’.
Analyzing the data from Table 1 it is obvious that
vitamin C content in kiwifruit is higher than in
orange or strawberries’.

Ascorbic acid found in 4. deliciosa ‘Hayward’
grown in five orchards in Italy ranges between 53—
75 mg/100 g FW (60 mg/100 g FW, as average)’.
Some studies'™"" reported that ascorbic acid in
kiwifruit samples from A. chinensis is higher than
mean content in 4. deliciosa ‘Hayward’ and some
of the lesser known species have high contents of
vitamin C as A. latifolia with levels of 671— 2140
mg/100 g FW and a level of 1008 mg/100 g FW in
A. kolomikta"®. For A. deliciosa cultivars grown in
Turkey, reported values for ascorbic acid content
ranges from 52 to 78 mg/100g FW. Fruits of
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‘Elmwood’ and ‘Monty’ cultivars contained the
highest concentrations, followed by ‘Hayward’ and
‘Tere’, meanwhile ‘Abbott’ and ‘Bruno’ contained
the lowest levels of ascorbic acid’. There are
variations in ascorbic acid levels in kiwifruits and
this behavior is related to degree of ripeness,
storage methods, growing conditions'*.

Besides vitamin C, kiwifruits contain fat-
soluble vitamins (E and K) (Table 1) and there are
some controversies regarding concentration situs
of vitamin E in these fruits. Some researchers'’
consider that it is concentrated into kiwifruit seeds
and is not available from seeds, meanwhile others'
identified it in the flesh of kiwifruit. A new vitamin
E, namely d-tocomonoenol has been isolated from
A. chinensis fruits and the compound analysis
indicated more amounts in the peel than in the
pulp. Also, the presence of a-tocopherol and -

“tocopherol has been evidenced in both matrices'®.

The presence of vitamin K, present in plants
mainly as phylloquinone, was found by Gentili and
Caretti'’ in small amounts: 86 pg phyllo-
quinone/100g FW in green kiwifruit and 53 png
phylloquinone/100g FW in gold kiwiftuit.

Folate (vitamin Bg) is known for its role to
prevent the foetus from developing affections of
spine and brain®. The contents of green and gold
kiwifruit are reported as 23 pg/100g FW'® and 34
1g/100g FW, respectively'? and are higher than
those reported for other fruits® (Table 1).

PHENOLIC COMPOUNDS

Kiwifruits contain biologically active compounds
with significant importance for human health.
Among bioactive compounds, phenolics contribute to
color, flavour and aging characteristics of kiwi juice
or extract”’. The main phenolic compounds found in
kiwifruit are chlorogenic acid, protocatechuic acid
and derivatives of 3,4-dihydroxybenzoic acid®. Park
and co-workers® found that the highest total

phenolic content was identified for kiwiftuits,
followed in order by red plum, mango, apple, banana,
lemon, orange, peach.

Total polyphenols for 4. deliciosa ‘Hayward’
grown in five orchards in Italy, range between 80—
96 mg gallic acid /100 g FW (90 mg gallic acid
/100g FW as average)’. Also, for A. deliciosa
fruits polyphenol contents are 267 mg gallic
acid/100 g FW meanwhile A. chinensis contain
higher levels (366 mg gallic acid/100 g FW)".

Other studies® revealed that polyphenol content of
kiwifruits is influenced by harvest time, storage
conditions, and light exposure. Pal and co-workers™
developed a study with five kiwi cultivars (‘Abbot’,
‘Bruno’, ‘Allison’, ‘Hayward’, ‘Monty’) and found
that total phenols content decreased during storage.
Accordingly, during three months storage, phenol
content (mg gallic acid/100g FW) decreased with
60.93% for ‘Abbot’, 41.76% for ‘Bruno’, 11.88% for
‘Allison’, 29.87% for ‘Hayward’ and with 11.64%
for ‘Monty’.

There are studies that evidence the higher
content of polyphenols in peel than in flesh for
both kiwiberry and kiwifruit cultivars. Thus,
‘Hayward’ contains 91 mg gallic acid/100g FW in
peel and 19.4 mg gallic acid/100 g in flesh”. These
values are lower than those found for kiwiberry
cultivars, especially in peel.

PIGMENTS

The main pigments found in kiwifruits are
chlorophylls and carotenoids®. It contains
chlorophyll a and b in levels that varies between
varieties. For yellow/gold wvarieties, during
maturation it is observed a decrease of chlorophyll
meanwhile the color of mature fruit is given by the
carotenoids'®. The transformation of fruit color
during ripening from green to yellow, orange or
red is due to chlorophyll degradation and
carotenoid formation®.

Table 1

Vitamins content in different fruits”®

Fruits Ascorbic acid Vitamin E Vitamin K Folate
mg/100 g FW (a-tocopherol) (phylloquinone) ug/100 g

mg/100 g FW pg/100 g FW FW

Kiwi . deliciosa 92.7 1.46 40.30 29
.chinensis 105.4 1.49 5.50 -
Orange 59.1 0.15 0.00 24

Apple 4.6 0.18 2.20 3-4
Banana 8.7 0.10 0.50 7
Strawberries 58.8 0.29 2.20 8
Blueberries 9.7 0.57 19.30 -
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The most concentrated carotenoids of kiwifruit
are lutein and P-carotene with potent antioxidant
activity. The importance of -carotene for human
health is sustained by conversion into vitamin A;
also present antioxidant activity and the ability to
prevent chronic diseases”.

Concentration of B-carotene in kiwifruits is higher
than in apple, banana, blueberries, but lower than in
oranges’. P-carotene contents are reported as lower
for A. deliciosa in comparison with A. chinensis
and A. rufa, meanwhile lutein levels are lower in A.
chinensis, followed by A. deliciosa and A. rufa™.

Some studies’ indicate that A. eriantha
(‘Bidan’) present higher total chlorophyll and total
carotenoids content in comparison with A.
deliciosa (‘Hayward’) (32.88 mg/100 g DW vs.
8.45 mg/100 g DW and 2.526 mg/100 g DW wvs.
0.673 mg/100 g DW, respectively).

Chlorophyll molecules in kiwifruits are easily
degraded through thermal treatments, meanwhile
carotenoids are more stable and thermal processing
does not affect significantly its content™.

PROTEIN

As most other commonly consumed fruits,
kiwifruit it is not an important source of proteins. It
has been found that the protein content is related
with variety, degree in ripeness and with soil
characteristics and horticultural practices®.

Reported levels of protein are 1.14% and 1.23%
for A. deliciosa and A. chinensis, respectively'.
Other results®™ indicated the same variation of
protein content: A. deliciosa ‘Hayward’ lower
protein content (0.86%) and A. chinensis ‘Hort
16A’ higher (1.85%).

Storage (3 weeks at 1°C and 90-95% RH) of
kiwifruit harvested in commercial maturity did not
affect the protein composition®.

LIPIDS

In kiwifruits, the lipids are concentrated in the
seeds and usually range between 0.5-0.6 g/100g".
Total lipids contents for cultivars ‘Hayward’ and
‘Hort16A” are similar 0.52 g/100g and 0.56 g/100,
respectively’’. Among fatty acids present in
kiwifruits, polyunsaturated ones were identified in
higher concentrations (Table 2). Also, kiwifruits
are cholesterol-free®’.

The oils extracted from seeds contain mainly
polyunsaturated fatty acids, especially linolenic
acid’’. Some studies’' indicated that kiwi seed oil
contains significant amounts of sterols and
tocopherols and this recommend its use for
nutritional and cosmetic purposes.

SUGARS

The market quality of the fruits is associated
also with sugar content, which is a main parameter
in this issue. Also, it was found that during fruit
ripening starch concentration declines and instead
increase glucose and fructose levels. Accordingly,
starch concentration decreases from 6% FW to
trace level at the beginning of the kiwifruit
ripening process, meanwhile total sugars increase
up to 12-15%7. Green kiwifruit (4.deliciosa)
contain lower level of sugar than gold kiwifruit (A4.
chinensis) (Table 3) and both of them contain
higher sugar content than orange and strawberries’.

Table 2
Fatty acid contents in kiwifruit (g/100g)*
Fatty acids content A. deliciosa A. chinensis
‘Hayward’ ‘Hort16A’°
Fatty acids, total (saturated) 0.029 0.149
Fatty acids, total (monounsaturated) 0.047 0.036
Fatty acids, total (polyunsaturated) 0.287 0.207
Reference: Henare, 2016
Table 3
Total sugars (g/100g FW) content in fruits’
Fruits Total sugars
Kiwifruit | A. deliciosa 8.99
A. chinensis 10.98
Orange 8.50
Apple 10.39
Banana 12.23
Strawberries 4.89
Blueberries 9.06
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Table 4

Sugar contents (g/100g FW) in fruits of Actinidia genotypes **

Actinidia genotypes | Glucose | Fructose | Sucrose | Myo-inositol
A. deliciosa
Hayward 3.52+0.15 3.64+0.14 1.28+0.27 0.116+0.019
Bruno 2.96+0.33 3.12+0.39 2.02+0.55 0.177+0.038
Abbott 4.06+0.98 3.94+0.83 2.33+0.46 0.100+0.023
Elmwood 2.46+0.12 2.59+0.11 1.43+0.69 0.032+0.008
A. chinensis
Golden king 2.87+0.32 2.47+0.22 3.74+0.40 0.060+0.022
Sanuki gold 4.3840.67 3.85+0.46 2.20+0.14 0.050+0.013
Hort16A 3.84+0.28 4.15+0.26 1.77£0.34 0.040+0.014

Main sugars found in kiwifruits are glucose,
fructose and sucrose. Sugars content varies with
cultivar and mean sugar content of four South
African grown kiwifruit cultivar were reported by
Fourie and Hansmann™.

Generally, the levels of glucose and fructose in
kiwifruits are around 4-5.7 g/100 g FW*
meanwhile sucrose ranges between 0.7—1.5g/100g
FW'> 3 Some studies indicate for ‘Hayward’
cultivar sucrose content in smaller amounts or
under detection limit of the quantification
method**.

The concentrations of glucose, fructose, sucrose
and myo-inositol in different 4. deliciosa cultivars
and A. chinensis ones® are depicted in Table 4.

Among sugars identified in kiwifruit a great
importance has myo-inositol, a carbocyclic sugar
(cyclohexane-1,2,3,4,5,6-hexol) classified as a
member of vitamin B complex®. The beneficial
effects of myo-inozitol on humans are related with its
insulin-mimetic properties and therefore prevention
or treatment of some diabetic complications™.
Nishiyama® reported myo-inositol contents in
A. deliciosa genotypes that are higher than those
identified in 4. chinensis.

FIBRE

Kiwifruit are known as important source of fibre,
these components having an important role on food
digestion. It contains 2-3% dietary fiber and provides
10% of the recommended daily requirement'. Lintas
and co-workers® reported kiwifruit dietary fibre
content from 2.13 to 3.12 g/100g FW values
comparable to that of pear and persimmon. Dietary
fibre is mostly insoluble, being 70-75% from total*®,
mostly cellulose and hemicelluloses and small
amount of pectin. The soluble fibre fraction contains

pectin polysaccharide and was evaluated as total
uronic acid content (708 mg/100 g FW) and neutral
sugar composition (472 mg/100g FW)’.

A. deliciosa fruits contain total dietary fibre and
insoluble fibre content higher than A. chinensis and
other common fruits’. Total dietary fibre content
reported for 4. deliciosa ‘Hayward’ grown in Italy
was on average 2.50 g/100g FW (range 2.30-
2.83 g/100g FW)’.

Among some kiwi cultivars grown in South
Africa, ‘Bruno’ presents highest total dietary fibre
(343 g/100g FW), followed by ‘Donné’
(2.60g/100g FW), “Allison’ (2.56 g/100g FW) and
‘Hayward’ (1.98g/100g FW)**.

MINERAL PROFILE
There are many studies'>"* that present
mineral composition of different cultivars of
kiwifruit, but the most important mineral found in
the highest concentration is potassium. Kiwifruit
consumption provides about 10% of the daily
requirement for potassium'”.

Having in view that is essential for life, growth,
development and lifespan®” it is understandable the
recommendation to consume kiwifruits.

Potassium concentration found in kiwifruit is
similar to that reported for bananas and much
higher than in other commonly consumed fruits’.
A. deliciosa and A. chinensis contain similar levels
of potassium (around 300 mg/100g FW)"',

Potassium contents from 4. deliciosa ‘Hayward’
grown in central Italy, range between 254—
300 mg/100g FW’. Other researchers™ reported
potassium content for different varieties of A.
chinensis that ranges between 250—400 mg/100g FW.
Similar values were also reported by Ma and co-
workers™,
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Beside high content of K, kiwifruits contain
other minerals in various concentrations, well
represented being P, Ca and Mg.

ANTIOXIDANT ACTIVITY

Assessment of antioxidant activity it is usually
done through the following methods:  Trolox
equivalent antioxidant capacity test (TEAC), the
oxygen radical absorbance capacity assay (ORAC),
radical scavenging activity using 1,1-diphenyl-2-
picrylhydrazyl ~ (DPPH), [2,2-azino-bis  (3-
ethylbenzothiazoline-6-sulfonic ~ acid)] (ABTS),
antioxidant assay using [-carotene linoleate model
system, scavenging activity against nitric oxide*'**,
ferric-reducing/antioxidant power (FRAP)?".

Antioxidant capacity of Actinidia fruits is
strongly influenced by total phenolic and ascorbate
concentrations, even if there are also other species
present in fruits that may influence this behavior:
vitamin E, carotenoids, lutein, zeaxanthin,
chlorophyl1>°.

According to literature, antioxidant activity
assessed by different methods evidenced that
kiwifruit is on top positions. For example, a study®’
evidenced that strawberries and kiwifruit present
the highest antioxidant activity, followed in order
by red plum, mango, white grapes, persimmon,
apples, pears, red grapefruit, lemons, pomelos,
banana and peaches.

Some researchers®' reported that skin of
kiwifruit present compounds with antioxidant
activity three times higher than flesh. This result
present just scientific significance since the skin of
kiwifruit is rarely consumed.

Hadaruga et al.*® also reported that kiwi peels
extract are more valuable for their antioxidant
activity this being correlated with higher content of
polyphenolic compounds. Latocha et al”
evidenced that the total antioxidant activity of
Actinidia fruit is influenced by species and
cultivars and found that the average antioxidant
properties measured in peel are higher than in
flesh. Moreover, antioxidant capacity of peel
extract from cultivar ‘Hayward’ is much lower
than for kiwiberry peel up to four times and for
flesh the differences are much lower.

Due to the proven antioxidant properties,
consumption of kiwifruits has potential to inhibit
oxidative processes and thus, has preventive effect
against cancers’>*.

HEALTH BENEFITS
OF KIWIFRUIT CONSUMPTION

According to studies developed worldwide,
kiwifruit is proven to be one of the most nutrient —
dense fruits available’, consumption plays a
protective role against reactive oxygen species
(ROS) due to the presence of great content of
antioxidants®*, enhance iron retention’, have
beneficial effects on digestion®® and may decrease
cardiovascular disease incidence’.

Antioxidant effects

Antioxidant effects generated by kiwifruit
consumption are associated with ascorbic acid,
polyphenolic and carotenoid contents. There are
studies® carried out on Actinidia species that
evidence a high correlation between antioxidant
activity with ascorbic acid and polyphenolic
content. Other results® emphasize that ascorbic acid
contributed to antioxidant capacity much more
than other present antioxidants (carotenoids,
polyphenols).

Dietary antioxidants have the ability to fight
against reactive oxygen species (ROS) and act as
antimutagens and may slow the progression
towards cancer'®.

Regular intake of golden kiwifruits (4. chinensis
‘Hort16A”) can protect against lymphocyte DNA
oxidation and increase of total antioxidant activity
and plasma vitamin C*.

Some investigations of radical-scavenging
ability of vitamin E species, d-tocomonoenol and
d—tocopherol, found in pulp and peel extract of
A.chinensis fruit are quite similar; d-tocomonoenol
was able to reduce the DPPH radical by 24% and
the anion superoxide radical by 29.2%*.

Kiwifruit influence iron retention

It is widely known that iron absorption is
favoured by the presence of vitamin C. The high
content of vitamin C, accompanied by citric acid
and carotenoids found in kiwifruits enhance iron
retention’.

Sleep-inducing effects

There are studies™ that sustain the sleep-
inducing effects of kiwifruit consumption that are
associated with its chemical composition. The
similar nature of flavonoids (naringenin, quercetin,
catechin, rutin) identified in kiwifruit peel with
those found in sedative herbs explain this statement.
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A study®® developed on 24 subjects (2 males
and 22 females) 20 to 55 years that consumed two
kiwifruits one hour before bedtime nightly for
4 weeks indicated that this behavior may improve
sleep onset, duration and efficiency in adults with
self-reported sleep disturbances.

Digestion

Acknowledged for its beneficial effects on
digestion due to the presence of high content of
dietary fibre®®, kiwifruit consumption it is
recommended to prevent constipation, irritable bowel
syndrome, gut health”®. Laxative properties of
kiwifruit are due to the presence of proteolytic
enzyme actinidin and non-digestible oligosaccharides
as inulin®’. Also, kiwifruit acts a prebiotic, enhancing
the growth of intestinal lactic acid bacteria®.

Protection against cardiovascular disease

Consumption of kiwifruit has been associated
with decrease of cardiovascular problems and this is
owing to the presence of polyphenols, carotenoids
and other antioxidants. It has been stated that
kiwifruit may reduce oxidation of cholesterol,
lowering the formation of atherosclerotic lesions’.

Some studies evidenced that, regular consumption
of kiwifruit, may exert beneficial effects on the risk
factors for cardiovascular disease. Some researchers®
investigated the effects of consumption of two
kiwifruits per day on the lipid profile for
hyperlipidemic adults. The results indicated that after
8 weeks of kiwifruit consumption, the HDL
cholesterol was significantly increased and the LDL
cholestero/HDL  cholesterol ratio and total
cholesterol/HDL cholesterol ratio were significantly
decreased.

Other study indicates that plasma triglycerides
decreased after regular consumption of golden
kiwifruits®.

The intake of 3 kiwifruits per day promotes
evidenced anti-hypertensive and anti-thrombotic
effects in male smokers and was also observed a
significant decrease of systolic blood pressure™.
The antiplatelet effect of fruit is independent of
their antioxidant activity. Kiwifruit and tomato
have the highest antiaggregation activity of 89 and
70 (% of inhibition), respectively. The green and
gold kiwifruit inhibit ADP and collagen — induced
whole-blood platelet aggregation.

Immunity

The great importance of nutrition in
maintaining the immunity is worldwide recognized

and low immunity it is associated with deficiencies
in certain nutrients. The importance of polyphenols
and carotenoids from kiwifruit on immune function
has investigated recently** and the evidence that
kiwifruit may support immune health in growing.

A human trial determined the effects of gold
kiwifruit consumption on symptoms of cold and
influenza in older adults (>65 years). The results
indicated that kiwifruit consumption significantly
reduced head congestion and sore throat symptoms™_.

Moreover, in other trial, regular consumption of
kiwifruit by pre-scholar children (2-5 years) lead to
reduction of incidence of cold and influenza-like
symptoms.

All these results sustain the idea according to
kiwifruit consumption may modulate the immune
system, improving health by reducing symptoms of
cold and influenza for different human age
categories™.

DETRIMENTAL EFFECTS OF KIWIFRUIT
CONSUMPTION ON HUMAN HEALTH

Allergic effects

Even if the popularity of kiwifruit is growing
due to its pleasant taste, low caloric value and to
beneficial effects on human health, there are some
issues that may pose health disturbances. Kiwifruit
has become one of the most common causes of
food allergies and these effects are intensively
studied™.

According to some studies’’, persons that are
birch pollen-allergic present allergy to kiwifruit;
also, almost 12—17% from persons that are allergic
to rubber latex can develop kiwifruit allergy™.

The main allergens identified in kiwifruits are
actinidin, kiwellin and thaumatin-like proteins®™.
Actinidin, a cysteine protease that has the ability to
hydrolyze proteins and it is suspected to be the
main allergen in kiwifruit™.

There are studies” that indicate a significant
variation for these allergenic proteins in ripe
kiwifruit and extrapolating allergenicity results
must be realized carefully both within and between
Actinidia species. Acidic and basic isoforms of
actinidin were identified in 4. deliciosa ‘Hayward’
and A. arguta ‘Hortgem Tahi’, while only a basic
isoform of actinidin was identified in 4. chinensis
‘Hort16A’. One isoform of each kiwellin and
thaumatin-like proteins were identified in ripe
fruit®”.

Most patients with kiwifruit allergy claim
symptoms localized to the oral mucosa but severe
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systemic reactions have been observed at
children®*”. The majority of allergic manifestations
appear within minutes after kiwifruit consumption®.

Extreme kiwifruit allergies are uncommon and
generally, this allergy is often cross-reactive with
other common allergies (to pollen, dust, other tropical
fruits)".

Oxalate in kiwifruits

Oxalate appears as a by-product of photosynthesis
and by cleavage of ascorbic acid in many plants and
therefore may be stored in fruits”'. Kiwifruits contain
appreciable amounts of oxalate that may be
responsible for unpleasant oral irritation, unpleasant
sensation and other pathological effects'". At least
half of oxalate is found as insoluble calcium oxalate
and as consequence, an important amount it is
unavailable.

Even if the presence of oxalate may cause a lot
of health problems (kidney stone formation,
reduced bioavailability of calcium)®, oxalate
found in kiwifruit is not such a nutritional problem
as in the case of rhubarb or spinach'. Oxalate
levels in Actinidia fruits correspond to only 1-10%
of that found in spinach®.

Kiwifruit juices contain lower oxalate levels
because an important fraction of insoluble oxalate
was retained in the pomace during extraction®.

Some studies* evidenced that the oxalate
content in A. arguta was lower than in 4. deliciosa,
whereas that in 4. rufa was slightly higher.

CONCLUSIONS

A thorough analysis of the scientific literature
evidenced the importance of kiwifruit for
improving health. With a great taste, kiwifruits
present high antioxidant activity, are good sources
of vitamin C, potassium with content almost at the
same level with banana and low levels of sucrose.
Also, nutritional quality suffers slightly during
storage and ripening. Therefore, daily consumption
of kiwifruit is a great strategy to prevent different
diseases and to cure existing ones.
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