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The world is endowed with a rich, natural bio-
diversity of flora and fauna species. Over 7,000
plant species have been recorded to be edible
today. Unfortunately only a meager number of
these are cultivated widely or used on a large,
extensive scale. Those cultivated commercially
on a wide scale include crops like maize, rice,
wheat, oats and potatoes. Others also cultivated
widely and commercially but on smaller scales
includes both vegetables like cabbages, broccoli,
garlic, onions, capsicums and fruit crops like
apples, oranges, grapes, mango, banana and pine-
apple. The predominance of a dozen or two of
such commodities and widely grown crops have
captured the attention of global research and
development resources and efforts because of
their significance in food production, food supply,
food security and international food trade. These
have resulted in the voluminous information gen-
erated and published on all aspects of these crops.
Not so for many of the lesser known edible crops
especially those indigenous vegetables and fruit
that are harvested from the wild in the bush, for-
est, jungle or from a wide array of anthropogenic
environments commensal with farming. These
include wastelands, fallow fields, boundaries,
roadsides, waysides, irrigation canal edges, river
banks, stream sides, ponds, swamps, trenches
and gullies as well as those grown as backyard
crops. Many of these crops are perishable, low
yielding and their value as commercial crops has
not been explored. Comparatively, little research
has been conducted because of their lack of com-
mercial importance and whatever little published

information available are found scattered in many

cases in obscure, local publication sources.

Compounding this is the fact that many of
these lesser know edible indigenous crops are on
the verge of disappearance in many countries
owing to:

— rapid rate of urbanization,

— changes in the agroecology due to the increas-
ing frequency of prolonged drought, salinity,
flooding, etc. brought about by climate
change,

— agroecological changes caused by overgraz-
ing, bush fires, shifting cultivation, over-
cultivation, deforestation, etc.,

— over exploitation and harvesting from the
wild,

— disappearance and loss of indigenous know-
ledge from older generations of the nutritive
benefits, medicinal attributes and application,
preservation and utilization of traditional
vegetables and fruits due to the rural urban
migration of younger generations of indige-
nous population.

Sadly, many of these lesser known, underuti-
lized, indigenous edible crops also suffer notable
disregard and erosion. Many countries have their
own unique assemblage of edible indigenous
plant species as well as a wide assortment of
introduced edible plant species that has become
naturalized over the centuries. Many of the edible
indigenous and naturalized crops are also consid-
ered as traditional crops in the sense that they are
interwoven with the socio-cultural and custom-
ary fabric, food habits, indigenous knowledge,

T.K. Lim, Edible Medicinal and Non-Medicinal Plants: Volume 1, Fruits, 1
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rustic lifestyle and traditional agricultural
practices of the local communities. The almost
total disregard for traditional farming system
knowledge has been one of the glaring mistakes
of modern agricultural research. Local knowl-
edge which is often perceived as non-scientific
knowledge, primitive and intuitive, has been
looked down on and largely ignored.

Many lesser known edible, traditional crops
have potential for food security and possess
advantageous traits. Food security means having
sufficient physical and economic access to safe
and nutritious food to meet dietary needs and
food preferences for an active and healthy life-
style. For more than three decades, food security
has remained a major development concern in the
developing world and an important area for research
and conceptual development. While wild food
resources are given some meager recognition,
especially as famine foods and use in crisis situ-
ations, their role and contribution have largely
remained undervalued in the food security
debate.

Many of these lesser known traditional edible
crops especially the indigenous vegetables and
fruits are rich in micronutrients and vitamins and
are often consumed for health reasons. The staple
foods provide calories needed for body energy
but are very low in other nutrients while the tra-
ditional vegetables and fruits have very high
nutritive value. Recent researches indicate the
presence of bio-active substances or phytochemi-
cals with potential therapeutic, disease-preventing
or health-promoting mechanisms in many tradi-
tional indigenous food plants. Unfortunately, the
consumers have not been exposed to appreciate
the role of these crops in fulfilling the above
human needs. These crops could be harnessed
and be developed as a strategy to overcome mal-
nutrition besides food security. Additionally, they
are hardy, easy to grow, well adapted to local
agro-ecological habitats, easy to harvest and pre-
serve, and are free from the risk of pesticide
residues as they are naturally and organically
grown without the use of chemicals. Importantly
too, they can contribute appreciably to house-
hold food and income, livelihood security and
in many cases to the national economy.

Introduction

Food plants including both wild and cultivated
have medicinal, nutraceutical, pharmaceutical
and health benefits. They are excellent sources of
phenolic phytochemicals, especially as antioxi-
dants. Antioxidants play an important role in
processes that stimulate the immune system, or
have antibacterial, antimutagenic or antiviral
activities, for example flavonoids, tannins, pec-
tins and saponins. While phenolic antioxidants
from dietary sources have a history of use in food
preservation, many increasingly have therapeutic
and disease prevention applications. This role is
becoming very significant at a time when the
importance of phytochemicals in the prevention
of oxidation-linked chronic diseases is gaining
rapid recognition globally. Disease prevention
and management through the diet can be consid-
ered an effective tool to improve health and/or
reduce the increasing health-care costs for these
oxidation-linked chronic diseases, especially in
low-income countries.

Nutraceutical encompasses nutrition and phar-
maceutical and is more popularly known as
“functional food”. Functional foods are foods or
dietary components that may provide a health
benefit beyond basic nutrition. They are an impor-
tant part of a holistic healthful lifestyle that
includes a balanced diet and physical activity.
Functional foods include fresh foods (e.g. vegeta-
bles and fruits) that have specific health-related
claims attached and processed food made from
functional food ingredients, or fortified with
health-promoting additives, like “vitamin-enriched”
or “calcium fortified” products. Fermented foods
with live cultures are often also considered to be
functional foods with probiotic benefits.
Probiotics are dietary supplements and live
microorganisms containing potentially beneficial
bacteria or yeasts that are taken into the alimen-
tary system for healthy intestinal functions.
Functional food also include prebiotics, defined
as non-digestible food ingredients that benefi-
cially affect the body by selectively stimulating
the growth and/or activity of one or a limited
number of bacteria in the colon, and thus improve
body health.

Many medicinal plants may also have direct
nutritional benefits of which we know little. The
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practice of using herbal infusions may add small
daily quantities of essential micronutrients and
vitamins to the intake of sick or malnourished
individuals that may be sufficient to alter the met-
abolic uptake or restore the balance between
nutrients and thereby improve body functioning.

This work aims to create awareness and
interest in the rich and diverse array of edible
medicinal and non-medicinal plants in a multi-
compendium format. This work does not claim
to be comprehensive to cover the heterogeneous
assemblage of crop diversity to include all the
edible crop species (both cultivated and wild),
varieties, ecotypes, landraces and genetically
modified (GMO) plants. Neither will this work
cover cultivation aspects as the agronomy of
many of the traditional and wild, indigenous
species has been little studied or published and
for those that are commonly or extensively cul-
tivated there is a plethora of information that
have been published in many text and reference
books.

The edible species dealt with in the book
include commonly and widely grown crops,
wild and underutilized crops that are consumed
as fruits, vegetables, culinary herbs, pulses,
cereals, spices and condiments, root crops, bev-
erages, mushrooms, edible oils and stimulants.
Vegetables covered include species cultivated
for their fruits, seeds, flowers, leaves, petioles,
shoots and roots or tubers. Each volume will
cover about a hundred edible species in alpha-
betical order according to botanical families.
Under each species, information is arranged in a
logical and easy-to-follow format that covers
the botanical name and synonyms; common
English and vernacular names; origin and distri-
bution; agroecological requirements; edible
plant parts and uses; plant botany; nutritive and
medicinal properties, uses and relevant research;
other uses and selected/cited references for fur-
ther reading. The first few volumes will focus on
plants whose fruits and or seeds are edible and
consumed as fruits, nuts, vegetables, cereals,
beverages, liquor, spices and flavouring agents,
colouring agents, sweeteners, cooking oils and
fats, masticatory stimulants and as sources of
nutraceuticals. The first volume focuses on

edible medicinal and non-medicinal plants in
the following botanical families: Actinidiaceae,

Adoxaceae, Anacardiaceae, Annonaceae,
Apocynaceae, Arecaceae, Averrhoaceae,
Betulaceae, Bignoniaceae, Bixaceae,
Bombacaceae, Bromeliaceae, Burseraceae,
Cactaceae, Caricaceae, Cupressaceae and

Cycadaceae. This series of book are written with
a broad spectrum of readers in mind — scientists
(medical practitioners, pharmacologists, food
nutritionists, herbologists, herbalists, horticul-
turist, botanist, ethnobotanist, conservationist,
agriculturist), hobbyist, cooks, gardeners, teach-
ers, students and also the layman and consum-
ers. Many people are curious about what plants
can be eaten, how to eat them and what nutritive
and health benefits they provide. It is hope that
this book will help readers to identify edible
medicinal and non-medicinal plants and their
edible plant parts and to learn about their nutri-
tive and medicinal values and application. To
help achieve this, copious color plates are pro-
vided together with relevant and up-to-date
information (including scientific names, syn-
onyms, vernacular names, nutritive and medici-
nal attributes and research findings) from
multifarious sources including old and new
books, general and scientific papers in various
languages, unpublished local knowledge, data-
bases and the web.

All appropriate and available synonyms are
included as many publications or papers are
often published under the synonyms. For scien-
tific names the following publications and data-
bases have been used:

— USDA, ARS Germplasm Resources Infor-
mation Network — (GRIN)
— Mansfeld’s Encyclopedia of Agricultural and

Horticultural Crops
— Efloras
— Royal Botanic Gardens, Kew

Electronic Plant Information Centre
— The International Plant Names Index (IPNI)
— Australian Plant Name Index (APNI)

— Tropicos.org. Missouri Botanical Garden.

Common, local and vernacular names are
included whenever available as they are important
to help in identification of the edible plants. Also

(2002).



it is important to note that sometimes local names

may refer to different or allied crops. Publications

and databases used include:

— University of Melbourne’s Searchable World
Wide Web Multilingual Multiscript Plant
Name Database

— Mansfeld’s Encyclopedia of Agricultural and
Horticultural Crops database

— Rehm’s Multilingual Dictionary of Agronomic
Plants

— Liberty Hyde Bailey Hortorium’s Hortus Third

— USDA Tropicos, ARS Germplasm Resources
Information Network — (GRIN)

— Pacific Island Ecosystems at Risk (PIER)
database

— Foundation for Revitalisation of Local Health
Traditions ENVIS database (Indian vernacular
names)

— Stuart Philippine Alternative Medicine.
Manual of Some Philippine Medicinal Plants
(Filipino vernacular names).

— Publications by Ochse, J.J; Ochse, J.J. and
Bakhuizen van den Brink R.C. (Indonesian);
Burkill, H.M. (African); Burkill, .H. (Malay);
Ho, PH. Illustrated Flora of Vietham; Do Huy
Bich et al. Cay Thuoc va Dong Vat Lam Thuoc
0 Viet Nam (Medicinal Herbs and Animalsin
Viet Nam) 2 Vols. (Vietnamese); Smitinand,

Introduction

T. (Thai); PROSEA publications and others
listed under selected references under the
appropriate crop.

Information on the nutritive food composition
and values, has been collated from various books
listed under the appropriate crop and from the
following databases:

— USDA National Nutrient Database for

Standard Reference, Release 22.

— FAO Food Composition Table for Use in

Africa, Near East, East Asia.

— Food Standards Australia New Zealand

Database
— The Danish Food Composition Databank.

— Nutrient Composition of Malaysian Foods

Books and scientific publications from where
other information has been gleaned are listed
under the appropriate crop.

Additionally, two glossaries are provided, one
for medical terms and another for other scientific
terms where it was not possible to avoid because
of brevity and accuracy. Also two comprehensive
indices are provided, one for scientific names and
another for common/English names.

It is hope that this work will also serve as a
useful reference guide for further research and
investigation into edible medicinal and non-
medicinal plants.



Scientific Name

Actinidia arguta (Siebold & Zuccarini)
Planchon ex Miquel

Synonyms

Actinidia arguta var. curta Skvortsov, Actinidia
arguta var. dunnii H. Léveillé, Actinidia arguta var.
megalocarpa (Nakai) Kitagawa, Actinidia arguta
var. purpurea(Rehder) C. F. Liang, Actinidiaarguta
var. rufa (Siebold & Zucc.) Maxim., Actinidia
arguta var. cordifolia (Miquel) Bean, Actinidia cal-
losa var. rufa (Siebold & Zucc.) Makino, Actinidia
chartacea Hu, Actinidia cordifolia Migq., Actinidia
giraldii Diels, Actinidia megalocarpa Nakai,
Actinidia melanandra Franchet var. latifolia E.
Pritzel, Actinidia platyphylla A. Gray ex Migq.,
Actinidia purpurea Rehder, Trochostigma argutum
Sieb. & Zucc., Trochostigma rufa Siebold & Zucc.

Family

Actinidiaceae

Common/English Names

Arctic Kiwi, Baby Kiwi, Bower Actinidia, Bower
Vine, Cocktail Kiwi, Dessert Kiwi, Hardy Kiwi,

Vernacular Names

Chinese: Ruan Zao Mi Hou Tao, Juan-Tsao-Mi-
Huo-T’ao, Ruan-Zao-Zi, Juan-Tsao-Tzu, Temg-
Gua, T’eng-Kua, Yuan Li, Hong Mao Mi Hou Tao;
Danish: Stikkelsberkiwi, Stikkelsbar-Kiwi;
Dutch: Mini-Kiwi;

Eastonian: Teravahambaline Aktiniidia;
Finnish: Japaninlaikkukdynnos;

French: Actinidier A Chair Verte, Actinidier De
Sibérie, Kiwai, Kiwi D’été, Kiwi De Sibérie,
Souris Végétale;

German: Taravini, Japanische Stachelbeere,
Schartzahniger Strahlengriftel;

Hungarian: Kopasz Kivi;

Japanese: Saru Nashi, Kokuwa, Shima Saru
Nashi;

Korean: Ta Rae Ta Rae Na Mu, Seom Da Rae
Na Mu;

Polish: Aktinidia Ostrolistna, Mini Kiwi;
Russian: Aktinidiia Arguta, Aktinidiia Krupnaia,
Aktinidia Ostraja, KiSmi$ Krupnyi.;

Swedish: Krusbirsaktinidia.

Origin/Distribution

The species is native to eastern-most Siberia,
Eastern and north eastern China, Korea, Japan,
Sakhalin and Kuril Islands. It is cultivated in the
native area, in different regions of the former

Japanese Actinidia, Kiwiberry, Mini Kiwi, Soviet Union, occasionally in Europe and North
Siberian Gooseberry, Taravine, Vinepear. America, New Zealand and Australia.
T.K. Lim, Edible Medicinal and Non-Medicinal Plants: Volume 1, Fruits, 5
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Agroecology

A temperate species, most frost tolerant of the
commercial Actinidia species. When fully dor-
mant it can withstand temperatures down to
—32°C. However, kiwiberry needs to acclimatise
to cold slowly and any sudden drop in tempera-
ture may cause trunk splitting and subsequent
damage to the vine. Late winter freezing temper-
atures will kill any exposed buds. To date, all cul-
tivars that have been grown in both high chill and
low chill areas have produced equally well. All
cultivars require a certain period of winter chill-
ing and their needs vary, according to cultivar.

In its native range, kiwiberry occurs in the
moist areas in mountain forest as a climbing
vine (liana), scaling more than 30 m up trees,
in thickets and sides of streams from 700 to
3,600 m altitude. Under cultivation the crop is
grown in a trellising system. Kiwiberry is
intolerant of saline soils but is tolerant of other
soil types including infertile soil. It thrives
best in well-drained, moist, acidic soils from
pH 5-6.5. Neutral soils are tolerable but the
leaves may show nitrogen deficiency when the
soils become too basic.

Edible Plant Parts and Uses

Ripe kiwiberry fruit is very rich in vitamin C and
sweet (14-29% Brix). It is eaten fresh, whole
with the smooth skin intact like grapes. Sliced
kiwiberry can be made into pastries, pies, muf-
fins, sweet omelette, salads such as kiwiberry
salad and kiwiberry shrimp salad. It is also pro-
cessed into puree for making a range of culinary
delights such as jams, salsas, salad dressing, vin-
egars, appetizers, sauces for entrees especially
baked and grill fish, cheese-cake, ice-cream, sher-
bet, yoghurt and sorbet. Kiwiberry sauce is
excellent over a skinless breast of chicken.
Kiwiberry is an excellent meat tenderiser and
marinade. It goes well with orange, honey and
chocolate. It can be made into non-alcoholic
spritzers (consisting of kiwiberry puree, orange
juice and soda), kiwiberry margarita (kiwiberry

Actinidiaceae

puree, melon liquer, tequila, splash of lime juice),
health food drinks to wines, meads, and beers.

Botany

A robust, large, climbing, deciduous, dioecious
liana with branchlets villose when young becom-
ing glabrous with lamellate, white to brown pith.
Leaves are borne on glabrous sometimes rusty,
tomentose pinkish-brown petioles, 3—10 cm long.
Leaf lamina is ovate to broadly ovate to oblong
ovate, 612 cm by 5-10 cm, membranous, apex
acuminate, base rounded to cordate, symmetric
or oblique, margin sharply serrate, abaxially
green, glabrous to rusty tomentose with tufts of
brownish hairs in the nerve angles, adaxially dark
green and glabrous. Inflorescences are cymose,
axillary or lateral, 1-6-flowered, brown to pale
brown tomentose; peduncles 7-10 mm; pedicels
8—14 mm; bracts linear, 1-4 mm. Flowers are
creamy white or white, 1.2-2 cm across when
fully open. Sepals 4-6, ovate to oblong, margin
ciliate, both surfaces glandular-tomentose. Petals
4-6, cuneate-obovate to orbicular-obovate,
7-9 mm. Stamens with silky 1.5-3 mm filaments;
black or dark purple, oblong, 1.5-2 mm anthers
sagittate at base. Ovary is bottle-shaped, 6-7 mm,
glabrous; styles many, filiform, 3.5-4 mm long.
Fruit is green yellowish-green, or purple-red
when mature, subglobose to oblong (Plate 1),
1.5-3 cm, smooth, weighing 5-20 g. Pulp is
emerald green or tinged with purple depending

Plate 1 Kiwiberry fruits
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on cultivar, juicy, sweet with good flavour. Seeds
numerous tiny, 2.5 mm and black.

Nutritive/Medicinal Properties

Kiwiberry has been promoted as a nutritional
powerhouse as they are the most nutrient dense of
all the minor fruits, and is an extremely healthy
food source. Containing almost 20 vital nutrients,
Kiwiberry is deemed a super fruit (Anonymous
2009). They are rich in antioxidants which are
known to reduce the risk of cardiovascular dis-
ease, cancer, and help slow the aging process.

The nutrient composition of kiwiberry was
reported by Rothgerber (1993) as follows: pro-
tein <3% of dry matter, glucose 32.6% of dry
matter or 8.47% of fresh fruit, starch 25% of dry
matter, ash traces, vitamin C 80 mg/100 g
(400 mg% of dry matter), vitamin PP 55 mg/100 g,
pro-vitamin A (B-carotene) 0.28 mg/100 g, cel-
lulose 15% of dry matter, pectin 5% of dry mat-
ter, acidity 5% dry matter or 1.29% of fresh fruit.
Based on a serving of 170 g, kiwiberry would
provide 130 cal, total fat 1 g, saturated fat 0 g,
cholesterol 0 g, sodium 0 g, total carbohydrate
30 g, dietary fibre 8 g, sugars 16 g, protein 2 g,
vitamin A 6%, vitamin C 120%, calcium 10%
and iron 4% (Anonymous 2009).

Nishiyama et al. (2004) found wide variation
among cultivars in vitamin C content, with con-
centrations ranging from 37 to 185 mg/100 g FW
in Actinidia arguta fruit. In cultivar Gassan, Issai,
and Mitsuko, the vitamin C content of the fruit
was much higher than that of Actinidia deliciosa
cv. Hayward. In Actinidia arguta fruit, the ratio
of L-ascorbic acid to total ascorbic acid tended to
be higher than that of other Actinidia species.

The concentrations of chlorophyll, lutein, and
B-carotene in the fruit of A. deliciosa cv Hayward
were reported as 1.65, 0.418, and 0.088 mg/100 g
fresh weight, respectively (Nishiyama et al. 2005).
In Actinidia rufa, Actinidia arguta, and their inter-
specific hybrids, the contents of chlorophyll,
lutein, and B-carotene were much higher than in
cv Hayward. In particular, these fruits were found
to be the richest dietary source of lutein among
commonly consumed fruits.

The compounds extracted from Actinidia
arguta flowers largely comprised linalool deriva-
tives including the lilac aldehydes (12a-d) and
alcohols (13a-d), 2,6-dimethyl-6-hydroxyocta-
2,7-dienal, 8-hydroxylinalool, sesquiterpenes, and
benzene compounds that were presumed metabo-
lites of phenylalanine and tyrosine (Matich et al.
2003). Extracts of fruit samples contained some
monoterpenes, but were dominated by esters such
as ethyl butanoate, hexanoate, 2-methylbutanoate
and 2-methylpropanoate, and by the aldehydes
hexanal and hex-E2-enal. A number of unidentified
compounds were also detected, including 8 from
flowers. A new flavonol triglycoside, quercetin
3-0-B-D-[2G-0O-B-D-xylopyranosyl-6G-O-o.-L-
rhamnopyranosyl] glucopyranoside was identified
amongst the 15 flavonols found in Actinidia arguta
var. Giraldii (Webby 1991). This compound was
characterized, along with quercetin 3-O-B-D-
xylopyranosyl-(1-2)-O-B-D-glucopyranoside. The
kaempferol analogues were also isolated.

Recent studies have shown that Actinidiaarguta
possesses anti-tumour, anti-inflammatory, immu-
nomodulatory, anti-allergic diarrhoea, antidiabetic,
anti-dermatitis, bone marrow cell promoting and
pancrease lipase inhibition properties.

Anticancer Activity

The n-butyl alcohol extracts from Actinidia
arguta were found to display potent inhibitory
effect (87.2%) on Eca-109 cells (human oesopha-
geal carcinoma cells) in a concentration time
manner. The extract was found to significantly
induce apoptosis of Eca-109 cells (Zhang et al.
2007). In another study, the chloroform and
methanol extracts from Actinidia arguta, were
found to possess antitumour activity against
human leukemias, namely Jurkat T and U937
cells by inducing apoptosis (Park et al. 2000).
The substance in the solvent extract was found to
be a chlorophyll derivative (Cp-D). Its IC, value
was found to be 15 pg/ml for Jurkat T, 10 pg/ml
for U937, and 11.4 pg/ml for HL-60 (human pro-
myelocytic leukemia). Cp-D was more toxic to
these leukemias than to solid tumours or normal
fibroblast. The results suggested that inactivation



of cyclin-dependent kinases during cell cycle
progression in Jurkat T cells following a treat-
ment with the chlorophyll derivative would lead
to induction of apoptotic cell mortality.

Bone Marrow Cell Proliferation Activity

Methanol extract of Actinidia arguta stems was
found to promote proliferation of cultured bone
marrow cells (Takano et al. 2003). The extract
also stimulated formation of myeloid colonies
from bone marrow cells. (+)-catechin (1) and
(—)-epicatechin (2) were isolated as bioactive
compounds from the methanol extract. Both
compounds stimulated cell proliferation in a
dose-dependent fashion in the range of 1-100 mg/
ml. Both compounds also promoted formation of
myeloid colonies and augmented the effect of
interleukin-3 (IL-3), increasing the number of
colony forming-units in culture (CFU-c). In an
ex-vivo experiment using a model mouse of
decreasing bone marrow functions, orally admin-
istrated (+)-catechin (100 mg/kg/day) was found
to promote IL-3-induced CFU-c formation of the
bone marrow cells. When intraperitoneally
injected (+)-catechin (1 and 10 mg/kg per day)
accelerated the recovery of the number of leuko-
cytes and platelets but did not affect the number
of circulating erythrocytes (Takano et al. 2004).
(+)-catechin also enhanced the number of myelo-
cytes and splenocytes. It reversed the reduction
of the population of different leukocytes in whole
blood, spleen and bone marrow caused by 5-fluo-
rouracil in mice. (+)-catechin also demonstrated
appreciable recovery of Gr-1+ cells in all three
types of tissues and of CD11b+ cells in the bone
marrow cells. The findings suggested that
(+)-catechin selectively enhanced the recovery of
the population of granulocytes reduced by
5-fluorouracil in mice.

Immunomodulatory Activity

Actinidia arguata was found to have immuno-
modulatory effect (Park et al. 2005). Various
allergic responses are thought to result from the
unbalanced development of T(H)1 (T-Helper 1)
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and T(H)2 (T-Helper 2) pathways and, subse-
quently, the overproduction of IgE. Therefore
the modulation of T(H)1 and T(H)2 responses is
considered a rational approach for the treatment
of allergic diseases. Oral administration of a
water-soluble extract prepared from Actinidia
arguta, (PG102), was found to modulate the
level of T(H)1 and T(H)2 cytokines and to sup-
press the production of immunoglobulin E (IgE)
in the ovalbumin-immunized murine model as
well as in the in-vitro cell culture system. Further,
it significantly improved dermatitis conditions in
the NC/Nga murine model. Oral administration
of PG102T and PG102E significantly decreased
the level of selective T(H)2 cytokines, but
increased the level of T(H)1 cytokines. This was
accompanied by a rise in the plasma level of
IgG2a and by a fall in the plasma levels of IgE
and IgGl. The percentages of both IL-4-
producing T cells and IgE-producing B cells
were reduced. The concentration of IgE pro-
duced within B cells also appeared to be
decreased. These data suggested that Actinidia
arguta extract may have great potential as orally
active immune modulators for the therapy of
various allergic diseases.

Antiallergic Diarrhoea Activity

Recent studies showed that Actinidia arguta
aqueous extract might have anti-allergic effects
on allergic diarrhoea. Oral administration of the
extract was found to suppress the incidence of
diarrhoea in a murine allergic diarrheal model
(Kim et al. 2009b). The amelioration of allergic
diarrhoea by the extract was accompanied by
inhibition of mast cell infiltration into the large
intestine. The serum levels of IgE (immunoglobin
E), interleukin-6 (IL-6) and MCP-1 (monocyte
chemotactic protein-1) were reduced in the
extract-treated mice. When splenocytes were
isolated from the respective groups and cultured
in the presence of ovalbumin, cells from PG102-
treated animals were found to produce smaller
quantities of IL-6 and MCP-1. The results
indicated that Actinidia arguta extract had the
potential to be used as a preventive for food aller-
gic diseases.
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Anti-inflammatory Activity

The suppression of dermatitis by Actinidia arguta
aqueous extract (PG102) was accompanied by a
decrease in the plasma level of IgE, IgGl, and
IL-4 and also by an increase in that of IgG2a and
IL-12 (Park et al. 2007). The splenic level of IL-4,
IL-5, and IL-10 was reduced, whereas that of
IFN-gamma and IL-12 was increased. The num-
ber of eosinophils and the expression of eotaxin
and thymus and activation-regulated chemokine
were decreased by PGI02T or PGIO2E.
Histological findings also indicated that the thick-
ening of epidermis/dermis and the dermal infiltra-
tion of inflammatory cells including mast cells
were greatly inhibited. These data suggested that
PG102 may be effective and safe therapeutic
agents for the treatment of atopic dermatitis (AD),
a chronic inflammatory skin disease.

Kim et al. (2009a) found that Actinidia arguta
aqueous extract (PG102) could decrease the level
of IgE, interleukin IL-5, and IL.-13 in in-vitro cell
culture systems with IC_ being 1.12-1.43 mg/ml.
PG102 ameliorated asthmatic symptoms, including
AHR and eosinophilia in the lungs. Such improve-
ment of asthmatic symptoms by PG102 was accom-
panied by the suppression of IL-5 and IgE. In
PG102-treated mice, high level expression of heme
oxygenase-1, a potent anti-inflammatory enzyme,
was observed in alveolar inflammatory cells, while
the mRNA levels of foxp3, TGF-betal, and IL-10,
important markers for regulatory T cells, were also
augmented in the lung tissue. The data suggested
that PG102 may have potential as a safe and effec-
tive reagent for the prevention or treatment of
asthma.

DA-9102, a coded compound isolated from
Actinidia arguta was tested as a candidate of nat-
ural medicine currently under Phase II clinical
trial for atopic dermatitis in Korea (Choi et al.
2008). Studies showed that oral administration of
DA-9102 at a dose of 100 mg/kg for 16 days sub-
stantially reduced the occurrence of spontaneous
dermatitis. Eczematous skin lesions, water loss
and scratching behavior were significantly
reduced by DA-9102 in a dose-dependent fash-
ion. Results from flow cytometry analysis of
peripheral blood mononuclear cells indicated that

DA-9102 downregulated activation of leukocytes.
The reduction in the number of CD45RA+ cells
was accompanied by a lower level of IgE in
DA-9102 treated rats, and the decrease in the
number of CD11b+ cells by DA-9102 in both
periphery and skin was significant. CD11b+ cells
are the major source of oxidative stress in UV
radiation-irradiated skin and have possible role in
photoaging and photocarcinogenesis. Further,
DA-9102 not only inhibited the mRNA expres-
sion of T(H)2 cytokines including IL.-4 and IL-10
in the lymph node but it also decreased the levels
of inflammatory mediators such as nitric oxide
and leukotriene B(4) (LTB(4)) in the serum.
These results revealed DA-9102 to be an orally
applicable potent immune modulator, capable of
controlling the occurrence of atopic dermatitis-
like skin disease. Another earlier study reported a
water soluble polysaccharide from the stem
stimulated significantly the immune functions in
mice and thus could be used as an effective
immunological modulator (Hou et al. 1995).

Antidermatitis Activity

Orally administered A. arguta extract was found
to significantly reduce clinical dermatitis sever-
ity, epidermal thickness, mast cell dermal infiltra-
tion and degranulation in atopic dermatitis,
2-chloro-1,3,5-trinitrobenzene-treated NC/Nga
mice (Kim et al. 2009¢). Total levels of serum
IgE and IgG(1) were also significantly downreg-
ulated. The suppression of total serum IgE and
IgG(1) levels was accompanied by a reduction in
interleukin IL-4 and an increase in interferon
IFN-gamma expression in skin and splenocytes.
Additionally, Toll-like receptor TLR-9 expres-
sion was augmented by oral administration of
A. arguta extract. This study confirmed that
A. arguta extract had potential as a dietary thera-
peutic agent for the treatment of atopic dermati-
tis. The findings also suggested that the clinical
efficacy and mode of action of A. arguta extract
against atopic dermatitis were associated with the
modulation of biphasic T-helper (Th) 1/Th2
cytokines and the inhibition of Th2-mediated IgE
overproduction, and possibly with the augmenta-
tion of Toll-like receptor-9.
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Pancreatic Lipase Inhibition Activity

A new coumaroyl triterpene, 3-O-trans-p-
coumaroyl actinidic acid (1), as well as five
known triterpenes, ursolic acid (2), 23-hydroxyur-
solic acid (3), corosolic acid (4), asiatic acid (5)
and betulinic acid (6) were isolated from an etha-
nol-acetate-soluble extract of Actinidia arguta
roots (Jang et al. 2008). Amongst the isolates,
3-O-trans-p-coumaroyl actinidic acid was found
to possess the highest inhibitory activity on pan-
creatic lipase, with an IC_ of 14.95 pM, followed
by ursolic acid IC, =15.83 uM. The other four
triterpenes (3-6) also exhibited significant pan-
creatic lipase inhibitory activity, with IC, values
ranging from 20.42 to 76.45 uM.

Antidiabetic Activity

Two flavan-3-ols, 6-(2-pyrrolidinone-5-yl)-(-)-
epicatechin (1) and 8-(2-pyrrolidinone-5-yl)-(-)-
epicatechin (2), as well as five known compounds,
(-)-epicatechin (3), (+)-catechin (4), proanthocya-
nidin B-4 (5), (4+)-pinoresinol, and p-hydroxyben-
zoicacid, wereisolated fromanethylacetate-soluble
extract of Actinidia argutaroots (Jang et al. 2009).
Of these, compounds 1-5 exhibited significant
inhibitory activity against advanced glycation end
products (AGEs) formation with IC, values rang-
ing from 10.1 to 125.2 uM. Advanced glycation
end products (AGEs) may play an important
adverse role and as proinflammatory mediators in
gestational diabetes and in the process of athero-
sclerosis, aging and chronic renal failure.

Allergy Problem

On the downside, hardy kiwifruit has the poten-
tial to cause allergy. Allergy to green kiwifruit
has become common since the fruit was intro-
duced in North America and Europe three decades
ago (Chen et al. 2006). Kiwiberry is a third
species that is now cultivated in North America
with potential application as a fresh fruit and in
processed foods. Studies suggested that some
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kiwifruit-allergic individuals may suffer allergic
cross-reactions if they consume raw kiwiberry.
However, heat processing of the kiwiberry altered
allergenic protein structure, dramatically reduc-
ing in-vitro IgE binding. They found that pro-
cessing likely reduced the risk of eliciting an
allergic response in those with allergies to raw
kiwifruit.

Traditional Medicinal Uses

In folkloric medicine, fruits and cortex of the
kiwiberry vines are wused as laxans and
anthelmintics.

Other Uses

Selection and breeding studies to combine excel-
lent fruit quality of kiwi fruit (Actinidia deliciosa)
and frost resistance and smooth fruit peel of
A. arguta crossings were made in California and in
New Zealand resulting in Fairchildii hybrids and
cultivar ‘AADA’ respectively.

Comments

There are three recognised botanical varieties:
Actinidia arguta var. arguta, Actinidia arguta var.
giraldii and Actinidia arguta var. purpurea.
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Scientific Name

Actinidia chinensis Planchon

Synonyms

Actinidia chinensis Planchon var. chinensis C.F.
Liang, Actinidia chinensis f. jinggangshanensis
C.E Liang, Actinidia chinensis var. jinggang-
shanensis (C.F. Liang) C.F. Liang & A.R.
Ferguson, Actinidia multipetaloides H.Z. Jiang

Family

Actinidiaceae

Common/English Names

Chinese Actinidia, Gold Kiwi Fruit, Kiwifruit,
Kiwi Gold, Yellow-Fleshed Actinidia.

Vernacular Names

Chinese: Zhong Hua Mi Hou Tao, Mi Hou Tao,
Jiwéiguo, (Yuan Bian Zhong);

Czech: Aktinidie ¢inska;

Danish: Almindelig Kiwi, Kiwi-Slegten;
Dutch: Gele Kiwi;

Eastonian: Hiina aktiniidia;

French: Actinidier De Chine, Actinidier A Gros
Fruits;

German: Chinesische
Grossfriichtige Aktinide;
Hungarian: Kinai Egres, Sz6ros Kivi;

Italian: Kiwi;

Japanese: Oni Mata Tabi, Kiiui, Kiui Furuutsu,
Shina Saru Nashi;

Polish: Aktinidia Chinska;
Portuguese: Actinidia Da China;
Russian: Aktinidiia Kitaiskaia,
Kitajskaja;

Spanish: Grosella China, Kiwi;
Turkish: Aktinidya, Kivi.

Stachelbeere,

Aktinidija

Origin/Distribution

The species is indigenous to China — the central
and eastern provinces.

Agroecology

The plant is a warm temperate species and is frost
intolerant. In its native area, it occurs in sparse
secondary forests, tall grassy thickets on low
mountains and mountain slopes from 200 to
600 m elevation, and is also widely cultivated in
Anhui, Fujian, Guangdong, Guangxi, Henan,
Hubei, Hunan, Jiangsu, Jiangxi, S Shaanxi,

T.K. Lim, Edible Medicinal and Non-Medicinal Plants: Volume 1, Fruits, 12
DOI 10.1007/978-90-481-8661-7_3, © Springer Science+Business Media B.V. 2012
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Yunnan and Zhejiang. It does well in full sun in
well-drained, moist, fertile soils. Climatic and
soil requirements are quite similar to that for
Actinidia deliciosa.

Edible Plant Parts and Uses

Fruit pulp is sweet, juicy and nutritious. It is used
and processed the same way as for Actinidia deli-
ciosa and Actinida arguata. The pulp is more
amenable to processing because of its yellow
coloured flesh whereas the chlorophyll-based
green colour pulp of A. deliciosa tends to change
to brown on processing.

Botany

A vigorous, woody, climbing, deciduous, dioe-
cious vine (liana) with white-brown, lamellate
pith. Young branchlets and petioles white pubes-
cent to roughly tomentose, glabrous when mature
or not. Leaves broadly ovate to broadly obovate or
suborbicular, 6-17x7-15 cm, papery, base
rounded to truncate to cordate, margin setose-ser-
rulate, apex truncate to emarginate to abruptly
cuspidate or shortly acuminate adaxially usually
glabrous, occasionally puberulent, especially more
densely so on midvein and lateral veins, dark-
green above (Plate 4). Inflorescences cymose,
1-3-flowered, white silky-tomentose or yellowish
brown velutinous; peduncles 0.7-1.5 cm; pedicels
0.9-1.5 cm; bracts linear,. 1 mm. Flowers orange-
yellow. Sepals usually 5, broadly ovate to oblong-
ovate, both surfaces densely yellowish tomentose,
persistent. Petals usually 5, broadly obovate,
1-2 cm, shortly clawed at base, rounded at apex.
Filaments 5-10 mm with yellow oblong anthers.
Ovary globose, 5 mm across, densely golden vil-
lous. Fruit subglobose to cylindric to obovoid or
ellipsoidal, 46 cm, densely tomentose when
young becoming glabrous (Plate 1). Pulp fleshy,
juicy, firm, green, greenish yellow to golden yel-
low, sweet to subacid with many tiny, purplish
black seeds around a white succulent center
(Plate 2-3).
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Plate 1 Ripe gold kiwi fruit

Plate 2 Gold kiwi fruit with greenish-yellow flesh

Plate 3 Gold kiwi fruit with golden-yellow flesh



Plate 4 Foliage of gold kiwi fruit

Nutritive/Medicinal Properties

The overall nutrient composition of the gold kiwi
fruit (Actinidia chinensis) is similar to that for
Actinidia deliciosa but differs in the levels of
vitamin C, chlorophyll, lutein, B-carotene and
different types and levels of other carotenoids
and anthocyanins.

Fruit of Actinidia deliciosa cv. Hayward, the
most common commercially available cultivar,
was found to contain 65.5 mg/100 g fresh weight
(FW) vitamin C. Vitamin C content in A. deliciosa
fruit varied from 29 mg/100 g FW to 80 mg/100 g
FW. In most cultivars of A. chinensis, vitamin C
content in the fruit was higher than that of
Hayward (Nishiyama et al. 2004). In particular,
vitamin C content in A. chinensiscv. Sanuki Gold
fruit reached more than 3-times that of Hayward
on a weight for weight basis. Levels of whole fruit
mean ascorbic acid in the different genotypes
ranged from 98 to 163 mg/100 g of fresh weight
(FW), whereas mean oxalate varied between 18
and 45 mg/100 g of FW (Rassam and Laing 2005).
Ascorbic acid was highest in the inner and outer
pericarp, whereas oxalate was concentrated in the
skin, inner pericarp, and seed. Essentially no
ascorbic acid was found in the seed.

The concentrations of chlorophyll, lutein, and
B-carotene in the fruit of A. deliciosacv. Hayward
were 1.65, 0.418, and 0.088 mg/100 g fresh
weight, respectively. In most cultivars of A. chin-
ensis, although both chlorophyll and lutein
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contents were significantly lower than in
Hayward, the B-carotene content tended to be
slightly higher (Nishiyama et al. 2005).

Ripe fruit of A. deliciosa was found to contain
chlorophylls a and b and the carotenoids normally
associated with photosynthesis, [-carotene,
lutein, violaxanthin, and 9’-cis-neoxanthin
(McGhie and Ainge 2002). The carotenoids in
A. chinensiswere similar to those in A. deliciosa
but also included esterified xanthophylls. Only
trace amounts of chlorophyll were present in
A. chnensis. The yellow colour of A. chinensis
was mostly due to the reduction of chlorophyll
rather than an increase in carotenoid concentra-
tion. In contrast to the three yellow/orange
species, the green fruit of A. deliciosa retained
chlorophyll during maturation and ripening, and
esterified xanthophylls were not produced.

The yellow and green colours of the outer fruit
pericarp were due to different concentrations and
proportions of carotenoids and chlorophylls. The
red color found mainly in the inner pericarp was
attributed to anthocyanins. In the A. chinensis
genotypes tested, the major anthocyanin was cya-
nidin 3-O-xylo(1-2)-galactoside, with smaller
amounts of cyanidin 3-O-galactoside (Montefiori
et al. 2005). In the A. deliciosa genotypes ana-
lyzed, cyanidin 3-O-xylo(1-2)-galactoside was
not detected; instead, the major anthocyanins
identified were cyanidin 3-O-galactoside and
cyanidin 3-O-glucoside. However, the two spe-
cies (A. chinensisand A. deliciosa) did not differ
consistently in anthocyanin composition.

A new vitamin E, d-tocomonoenol, with the
structure,  2,8-dimethyl-2-(4,8,12-trimethyltri-
dec-11-enyl)chroman-6-ol, was isolated from
Actinidia chinensis fruit (Fiorentino et al. 2009).
GC-MS analysis of peels and pulps of kiwi
showed that the new compound, together with
d-tocopherol, was mainly present in the fruit peel,
whilst oa-tocopherol was present in a similar
amount in both matrices. The compound was
tested for its radical-scavenging and antioxidant
capabilities, by measuring its ability to scavenge
DPPH (2,2'-diphenyl-1-picrylhydrazyl radical)
and anion superoxide radical, and inhibited the
formation of methyl linoleate conjugated diene
hydroperoxides and TBARS (thiobarbituric acid
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reactive  species). Four 3-(methylsulfanyl)-
propionate esters, ethyl 3-(methylsulfanyl)prop-
2-enoate, two 2-(methylsulfanyl)acetate esters
and their possible precursors 2-(methylsulfanyl)
ethanol, 3-(methylsulfanyl)propanol and 3-(meth-
ylsulfanyl)propanal were quantified in ripe
Actinidia chinensis ‘Hort 16A’ kiwifruit pulp
(Giinther et al. 2010). The majority of these com-
pounds were specific for eating-ripe fruit and
their levels increased in parallel with the climac-
teric rise in ethylene, accumulating towards the
very soft end of the eating firmness.

Seven compounds were isolated from the root
of A. chinensis, and the structures were identified
as 2o-hydroxyoleanolic acid, 2a-hydroxyursolic
acid, euscaphic acid, 23-hydroxyursolic acid,
3B-0O-acetylursolic acid, ergosta 4, 6, 8, (14),
22-tetraen-3-one and B-sterol (Cui et al. 2007).

Scientific studies on gold kiwifruit reveal that
it shares many pharmacological properties as the
common green kiwifruit.

Anticancer and Antiviral Activities

Among the 12 phenolic compounds, including 4
novel skeleton phenolic compounds, planchols
A-D (1-4), together with 4 pairs of isomeric fla-
vanoids (5—12) isolated from the roots of Actinidia
chinensis, compounds 1 and 2 showed remark-
able cytotoxic activity against P-388 (leukemia)
and A-549 (carcinomic human alveolar basal epi-
thelial cells) cell lines (Chang and Case 2005).
Seven compounds were isolated from the root of
A. chinensis, and the structures were identified as
2a-hydroxyoleanolic acid (1), 2a.a-hydroxyurso-
lic acid (2), euscaphic acid (3), 23-hydroxyurso-
lic acid (4), 3B-O-acetylursolic acid (5), ergosta4,
6, 8, (14), 22-tetraen-3-one (6), P-steriol (7).
Compound 1 and 4 were also isolated from
Actinidia deliciosa roots and exhibited antihepa-
totoxic activity. In separate studies, a new polysac-
charide compound (ACPS-R) isolated from the
root of Actinidia chinensis was found to have
anti-tumorous activity (Lin 1988). When admin-
istered intraperitoneally to the transplantable
tumour bearing mice at a dose of 75-125 mg/kg,
the tumour inhibition rate was higher than 88.8%
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in Ehrlich ascitic cancer (EAC) or ascitic form of
hepatoma (HepA) and higher than 49.6% in solid
hepatoma (HepS). ACPS-R could also extend the
life of Ehrlich ascitic cancer -or P388-bearing
mice, and increased the percentage of Ehrlich
ascitic cancer-free mice. A marked increase in
cAMP (adenosine 3°, 5’-cyclic monophosphate)
levels and cAMP/cGMP (cyclic guanosine mono-
phosphate) ratio of the spleen of EAC-bearing
mice were observed after treatment of ACPS-R.
The increases of cAMP, cAMP/cGMP and tumour
remission had statistical significance. The results
indicated that ACPS-R acted as a new antitumour
polysaccharide, and the treatment effect of
Actinidia root in folk medicine was probably
related to ACPS-R. Studies also showed that
Actinidia chinensis was among five Chinese
herbal plants tested that contained antimutagenic
factors against both picrolonic acid- and benzol[a]
pyrene-induced mutations (Lee and Lin 1988).

Five fractions H1, H2 (hexane extract), Al, A2
(acetone extract) and M2 (methanol extract) of
gold kiwi fruit showed selective cytotoxic activ-
ity against human oral tumour cell lines, which
was more sensitive than human gingival fibro-
blasts (Motohashi et al. 2002). The more hydro-
philic fractions [70M3, 70M4, 70M5] of 70%
methanol extract displayed higher anti-HIV
(human immunodeficiency virus) activity, radical
generation and O~ scavenging activity. The anti-
bacterial activity of 70% methanol extracts
[70MO, 70M1, 70M2, 70M3, 70M4] was gener-
ally lower than that of more lipophilic fractions
(hexane, acetone, methanol extracts), although
each fraction did not show any specific antimi-
crobial action. All fractions were inactive against
Helicobacter pylori.

Two new triterpenoids (1, 2), together with
one flavonoid glycoside and 13 known triterpe-
noids were isolated from the roots of Actinidia
chinensis (Xu et al. 2010). The structures of
the new constituents were elucidated as 12o-
chloro-2a, 3B, 13, 23-tetrahydroxyolean-28-oic
acid-13-lactone (1), 2a., 3a, 19a, 23, 24-pentahy-
droxyurs-12-en-28-oic acid (2). Additionally, two
known triterpenoids showed positive cytotoxic
activity against LOVO (human adenocarcinoma)
and human liver carcinoma (HepG?2) cell lines.



Lee et al. (2010) found that both gold kiwifruit
(GOK) and green kiwifruit (GRK) protected
WB-F344 rat liver epithelial cells from H,0O,-
induced inhibition of gap-junction intercellular
communication (GJIC). Both kiwi fruit types
were found to block the H,0,-induced phospho-
rylation of connexin 43 (Cx43) and extracellular
signal-regulated protein kinase 1/2 (ERK1/2) sig-
nalling pathways in WB-F344 cells. Quercetin
aloneattenuatedthe H,0,-mediated ERK 1/2-Cx43
signalling pathway and consequently reversed
H,0,-mediated inhibition of GJIC in WB-F344
cells. A free radical-scavenging assay using
1,1-diphenyl-2-picrylhydrazyl showed that the
scavenging activity of quercetin was higher than
that of a synthetic antioxidant, butylated hydroxy-
toluene, suggesting that the chemopreventive
effect of quercetin on H,O,-mediated inhibition
of ERK1/2-Cx43 signalling and GJIC may be
mediated through its free radical-scavenging
activity. Since the carcinogenicity of reactive
oxygen species such as H O, was attributable to
the inhibition of GJIC, both kiwi fruit types and
quercetin may have chemopreventive potential
by preventing the inhibition of GIJIC. Gap-
junction intercellular communication had been
reported to propagate cell death in cancerous
cells (Krutovshikh et al. 2002).

Keratinocyte Proliferation Stimulating
Activity

Ten pg/ml of raw polysaccharide, neutral type-II-
arabinogalactans, and acidic arabinorhamnoga-
lacturonans of Actinidia chinensis fruits were
found to stimulate cell proliferation of human
keratinocytes (NHK, HaCaT) up to 30% signifi-
cantly while mitochondrial activity was stimulated
for about 25% in comparison to control cells
(Deters et al. 2005). Fibroblasts were not as sen-
sitive as keratinocytes but a dose of >130 pg/ml
kiwifruit polysaccharides increased also prolif-
eration and ATP-synthesis significantly. Results
indicated that the polysaccharides led to a dou-
bled collagen synthesis of fibroblasts compared
to the normally strongly reduced biosynthetic
activity.

Actinidiaceae

Immunomodulatory Activity

Gold kiwifruit puree was found to enhance the
response to ovalbumin by significantly increas-
ing the levels of total immunoglobulins and
immunoglobulin G specific for ovalbumin
(Hunter et al. 2008). It also augmented the anti-
gen-specific proliferation of cells from the drain-
ing mesenteric lymph nodes compared with mice
fed a 20% sugar control. These results indicated
that gold kiwifruit could modulate an antigen-
specific immune response and provide a new type
of functional food ingredient.

Across a range of concentrations, the gold
kiwifruit extract was found to protect cultured
cells from oxidative stress using neuroblastoma
cells exposed to hydrogen peroxide at a level
sufficient to induce cell mortality (Skinner et al.
2008). The gold kiwifruit-treated muscles dis-
played a marked increase in maximum force and
a significant delay in fatigue commencement
compared with the untreated control muscles in
mice. Consumption of gold kiwifruit puree led
to significant increases in ovalbumin-specific
antibodies (IgG1, IgG2b and IgG2c) in the sera
following sub-optimal immunisation conditions.
Consumption also elevated IL-5 production
from mesenteric lymph node cells. The results
provided evidence that gold kiwifruit could pro-
tect from oxidative stress, ameliorate muscle
performance, delay time to muscle fatigue and
augment antigen-specific immunity. The
researchers asserted that gold kiwifruit would
be useful as a new type of functional food ingre-
dient for sports drinks and others foods targeted
at enhancing muscle performance and immune
function.

Kiwifruit extracts (Actinidia chinensis and
Actinidia deliciosa) were found to significantly
enhance specific intestinal mucosal and serum
antibody responses to vaccines and to stimulate
interferon-y and natural killer cell activities in
BALB/c mice (Shu et al. 2008). No significant
improvement was noted in proliferative response,
phagocytic activity and interleukin-4 production.
The overall results demonstrated the ability of
kiwifruit extract to augment markers of innate and
acquired immunity in the tested murine model.
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Anti-inflammatory Activity

Aqueous extract of kiwifruit was demonstrated
in-vitro to reduce lipopolysaccharide (LPS)-
induced tumour necrosis factor (TNF)a and inter-
leukin (IL)-1p production indicating its potential
anti-inflammatory attribute (Farr et al. 2008).
Aqueous extracts from ZESPRI™ GOLD
(Actinidia chinensis ‘Hort16A’) and ZESPRI™
GREEN (A. deliciosa ‘Hayward’) Kiwifruit culti-
vars exhibited promising activity with human
THP-1 monocytes and peripheral whole blood,
although differential effects were seen in individ-
ual donors.

Antimicrobial and Prebiotic Activity

The extracts from various parts of Actinidia chin-
ensis plant (leaves, fruits and stems) were found
to exhibit antibacterial activity against eight Gram
positive and Gram negative bacterial strains
(Basile et al. 1997). The antibiotic activity of the
fruit was found to reside essentially in the seeds.
The antibacterial activity of extracts from vegeta-
tive plant parts was generally less active that from
fruit extracts. Kiwifruit, and in particular the
water extract of Gold Kiwifruit demonstrated an
ability to positively influence intestinal bacterial
enzymes, by inhibiting B-glucuronidase activity
and promoting the activity of B-glucosidase
(Molan et al. 2008). Further, extracts prepared
from gold kiwifruit and green kiwifruit were able
to promote the growth of faecal lactic acid bacte-
ria (LAB) especially at high concentrations and
to reduce the growth of Escherichia coli. This
was explained by the reduction of the activity of
B-glucuronidase generated mainly by E. coli. The
increase in activity of B-glucosidase was postu-
lated to be due to the stimulation of the growth of
LAB, which had high levels of B-glucosidase
activity in comparison with the members of the
gut microflora. It was concluded that both the
edible flesh and, particularly, water extracts of
gold and green kiwifruit, exhibited antimicrobial
and prebiotic activities when tested under in-vitro
conditions. Kiwifruits were also shown to
beneficially modulate the intestinal bacterial
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enzymes, B-glucosidase and B-glucuronidase, in
a manner considered beneficial for gastrointesti-
nal health.

Hepatoprotective Activity

Two new triterpenoids, 1 and 2, were isolated
from the hepatoprotective ethyl acetate fraction
of the roots of Actinidia chinensis, together
with eight known 12-en-28-oic acids of oleanane
or ursane type, 3—10 (Zhou et al. 2009). The two
new compounds were elucidated as 2a,3[-
dihydroxyurs-12-en-28,30-olide and 2a, 3f,
24-trihydroxyurs-12-en-28,30-olide.

Allergy Problem

On the down side, kiwifruit can cause allergy.
Allergy to green kiwifruit, Actinidia deliciosa,
has become common since the fruit was intro-
duced into North America and Europe three
decades ago. Actinidia chinensis (gold kiwifruit)
more recently introduced commercially, was
shown to have in-vitro immunoglobulin E (IgE)
cross-reactivity with green kiwi (Chen et al.
2006; Lucas et al. 2005). Gold kiwi fruit is aller-
genic and patients allergic to green kiwi are at
risk of reacting to the gold kiwi fruit. Despite
having different protein profiles and IgE-binding
patterns, the two species have proteins that
extensively cross-inhibit the binding to IgE.
Allergic reactions to fruits and vegetables are
among the most frequent food allergies in adults.
Kiwi fruit (Actinidia deliciosa) is commonly
involved, causing local mucosal, systemic, or
both types of symptoms by an IgE-mediated
mechanism (Pastorello et al. 1998). Studies dem-
onstrated that the major allergen of kiwi fruit,
Act ¢ 1, was actinidin, a proteolytic enzyme
belonging to the class of thiol-proteases. Two
other allergens of 24 and 28 kDa were also iden-
tified. Gold kiwi fruit is also rich in kiwellin, an
allergenic protein formerly isolated from green
kiwi fruit (Tuppo et al. 2008). Kiwellin is a mod-
ular protein with two domains. It may undergo
in-vivo proteolytic processing by actinidin, thus
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producing KiTH and kissper. When probed with
sera recognizing kiwellin from green kiwi fruit,
KiTH showed IgE binding, with reactivity levels
sometimes different from those of kiwellin. The
IgE-binding capacity of kiwellin from gold kiwi
fruit appeared to be similar to that of the green
species.

Other Uses

A. chinensis will become more important in
breeding of new cultivars.

Comments

Refer also to chapters on Actinidia arguata and
A. deliciosa.
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Scientific Name

Actinidia deliciosa (A. Chev.) C.F. Liang &
A.R. Ferguson

Synonyms

Actinidia chinensis var. ddiciosa (A. Chev) A.
Chev.; Actinidia chinensis var. hispida C.F. Ling;
Actinidia latifolia var. ddiciosa A. Chev.,,
Actinidia chinensis var. setosa Li

Family

Actinidiaceae

Common/English Names

Chinese Gooseberry, Chinese-Gooseberry,
Green-Fleshed Actinidia, Green Kiwifruit,
Kiwifruit, Strawberry Peach, Strawberry-
Peach

Vernacular Names

Chinese: Mei Wei Mi Hou Tao, Mi Yang Dao,
Yang Dao, Yang Dao Deng, Yang Tao, Ji Wei
Guo, Jwéigu, Mao Li, Mi Hou Tao, Qi Yi Gu,
Teng Li, Yang Tao, Ying Mao Mi Hou Tao;
Czech: Aktinidie ¢inska;

Danish: Egte Kiwi;

Dutch: Kiwi;

Eastonian: Kiivi-aktiniidia;

Finnish: Kiivi;

French: Actinidier Commun, Actinidier Cultivé,
Groseille Chinoise, Groseille De Chine, Kiwi,
Kiwi De Chine;

German: Chinesische Stachelbeere, Die Kiwi,
Grossfriichtige Aktinide, Kiwifrucht;

Hebrew: Kiuui;

Hungarian: Kinai Egres, Kivi, Szros Kivi;
Indonesia: Buah Kiwi;

Japanese: Jiiueiguo, Kiui Furuutsu;

Korean: Cham Da Rae, Yang Da Rae;

Malaysia: Buah Kiwi;

New Zealand: Green Kiwi Fruit, kiwi fruit,
Kuihipere (Maori);

Persian: Kiwi;

Polish: Kiwi;

Portuguese: Groselha-Chinesa, Kiwi;
Russian:  Aktinidija  Kitajskaja;
Kitaiskaia, Kivi;

Spanish: Groseille De Chine, Grosellas Chinas,
Kiwi;

Aktinidiia

Arabic: Kiwi; Swedish: Kiwi;

Bohemian: Kiwi Voze; Taiwan: Mei Wei Mi Hou Tao;

Brazl: Kiwi; Turkish: Kivi;
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Actinidia deliciosa

Origin/Distribution

The species is native to China in the temperate
provinces of Chongqing, Gansu, Guangxi,
Guizhou, Henan, Hubei, Hunan, Jiangxi, Shaanxi,
Sichuan, Yunnan and Fukien and Zhejiang
Province on the coast of eastern China. It is culti-
vated extensively in New Zealand, USA and
southern Europe.

Agroecology

Actinidia deliciosa is a temperate species. In its
native area, it occurs in the mountain forests at
800-1,400 m altitudes in Chongqing, Gansu,
Guangxi, Guizhou, Henan, Hubei, Hunan,
Jiangxi, Shaanxi, Sichuan, Yunnan. Elsewhere it
is widely cultivated at altitudes of 600-2,000 m
between latitudes 20° and 45° north and south.
Kiwifruit is frost sensitive. Kiwifruit vines are
killed by plunge in temperature below —1.67°C.
In France, 1-year-old plants have been killed to
the ground by frosts. In California, autumn
frosts retard new growth and kill developing
flower buds, or, if they occur after the flowers
have opened, will prevent the setting of fruits.
However, dormant vines have been reported to
survive temperatures down to —12°C. A frost
free growing period of 7-8 months is ideal. In
the Bay of Plenty in New Zealand where kiwi-
fruit is widely cultivated, the mean minimum
daily winter temperatures are 4.5-5.5°C, mean
maximum (14-16°C) and in summer the mean
minimum is 13-14°C and the mean maximum
24-25°C; annual precipitation, 1,300-1,630 mm
and relative humidity 76-78%. The vine does
best in full sun although young vines require
partial shade. Kiwifruit performs best in deep,
fertile, moist but well-drained soil, preferably a
friable, sandy loam. Heavy soils subject to water
logging are completely unsuitable. In Kiangsi
Province, China, the plants flourish in a shallow
layer of ‘black wood earth’ on top of stony, red
subsoil.
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Edible Plant Parts and Uses

Ripe Kiwifruit is best eaten fresh by scooping
out the pulp with a spoon or served as appetiz-
ers, as slices or chunks in fruit salads, salsas,
with croissant, yogurt, ice-cream, in fish,
chicken, lamb and meat dishes, shrimp cock-
tails, in pies, tarts, Danish pastries, bread, cake
fillings or as chunks in kebab skewers. Slightly
under-ripe fruits, which are high in pectin, must
be chosen for making jelly, jam, chutney, pick-
les in vinegar and for drying. The peeled whole
fruits may be pickled with vinegar, brown sugar
and spices.

Slightly unripe fruits are used for jelly, jam,
chutney. Optimally ripe ones are canned whole,
halves or slices in syrup, and preserved by
freezing. Freeze-dried kiwifruit slices are
shipped to health food outlets in Sweden and
Japan where they are sometimes coated with
chocolate. Ripe kiwifruit are blended to make
smoothies, sherbets slush, shaved ice and vari-
ous beverages. Ripe and over ripe fruits are
processed into purees, sauces, ice-cream,
drinks, mixed juices, soft drinks, fizzy drinks
and to wine and spirits. Ice cream may be
topped with kiwifruit sauce or slices, and the
fruit is used in breads and various beverages.
Kiwifruit cannot be blended with yogurt
because an enzyme conflicts with the yogurt
process. Meat can be tenderized by placing
slices of kiwifruit over it or by rubbing the
meat with the flesh. The meat should then be
cooked immediately.

The aqueous extract of kiwifruit puree con-
tains health-beneficial constituents and can be
considered a functional ingredient for gluten-free
bread formulation (Sun-Waterhouse et al. 2009).
Studies demonstrated that the aqueous extract
had good stability and high phenolic and vitamin
C contents and suitable for gluten-free bread-
making. The resultant kiwifruit extract-enhanced
bread was acceptable to a taste panel, possessing
softer and smoother texture than plain gluten-
free bread.



22

Actinidiaceae

Plate 1 (a, b) Whole and halved kiwi fruit (cross-section left, longitudinal section right) showing the green flesh and

numerous tiny, black seeds

Plate 2 Leaf habit of kiwi fruit

Botany

A vigorous, climbing, woody, deciduous, dioe-
cious vine with whitish to brown, large, lamellate
pith. Young branchlets and petioles are brownish
and strigose. Leaves are alternate, suborbicular or
obovate orbicular, 6-17x7-15 cm, base subcor-
date, margin setose-serrulate, apex truncate to
emarginate to abruptly cuspidate, usually gla-
brous adaxially, occasionally puberulent, espe-
cially more densely so on midvein and lateral
veins (Plate 2). Inflorescences are cymose,
1-3-flowered, white silky-tomentose or yellowish
brown, velutinous. Flowers are unisexual, orange-
yellow on brown-villous pedicels. Sepals usually

5, persistent, broadly ovate to oblong-ovate, both
surfaces densely yellowish tomentose. Petals
usually 5, broadly obovate, shortly clawed at
base, rounded at apex; stamens numerous with
yellow, oblong anthers, ovary superior, globose,
golden-strigose, styles free. Fruit is subglobose
to cylindric or ovoid, 5-6 cm, densely hispid even
when mature. The flesh is firm until fully ripe,
juicy, sweet to subacid, bright-green with white,
succulent center surrounded by numerous tiny,
purplish-black seeds (Plates 1a, b).

Nutritive/Medicinal Properties

The nutrient composition of fresh kiwifruit
(Actinidia deliciosa) per 100 g edible portion
was reported by Wills (1987) as follows: water
82.8 g, energy 205 kJ, protein 1.4 g, total lipid (fat)
0.2 g, fibre (total dietary) 3.3 g, glucose 4.1 g, fruc-
tose 4.2 g, sucrose 1.4 g; minerals Ca 24 mg, Fe
0.4 mg, Mg 17 mg, K 280 g, Na 5 mg, Zn 0.2 mg;
vitamins — vitamin C (ascorbic acid) 72 mg, thia-
mine 0.01 mg, riboflavin 0.04 mg, niacin 0.4 mg,
B-carotene equivalent 0.07 mg, organic acids,
malic acid 0.14 g, citric acid 1.04 g, quinic acid
0.58 g.

Food value of raw, kiwifruit per 100 g edible
portion excluding 14% skin was reported as fol-
lows (USDA 2010): water 83.05 g, energy 61 kcal
(255 KJ), protein 0.99 g, total lipid (fat) 0.44 g,
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ash 0.64 g, carbohydrate 14.88 g; total dietary
fibre 3.4 g, minerals — calcium 26 mg, iron,
0.41 mg, magnesium 30 mg, phosphorus 40 mg,
potassium 332 mg, sodium 5 mg; vitamins — vita-
min C (total ascorbic acid) 75 mg, thiamine
0.020 mg, riboflavin 0.050 mg, niacin 0.50 mg,
vitamin A 175 IU.

Kiwi fruit is outstanding because of its high
vitamin C content, its dietary fibre and its anti-
oxidant phytochemicals. It is also rich in potas-
sium and magnesium.

Fruit of A. deliciosa cv. Hayward, the most
common commercially available cultivar, was
found to contain 65.5 mg/100 g fresh weight
(FW) vitamin C (Nishiyama et al. 2004). Vitamin
C content in A. ddiciosa fruit varied from
29 mg/100 g FW to 80 mg/100 g FW. The total
soluble solid content, acidity, vitamin C, ash and
total nitrogen content of kiwifruit cv. Hayward
were 7.32%, 1.64%, 108 mg/100 g, 0.71 g/100 g
and 0.84%, respectively. The fresh fruits have
1.09 mg/100 g total chlorophylls and flesh colour
data represented as L, a and b were 57.18, 17.25
and 37.46, respectively (Celik et al. 2007).

Ripe fruit of Actinidia deliciosa was found to
contain chlorophylls a and b and the carotenoids
normally associated with  photosynthesis,
B-carotene, lutein, violaxanthin, and 9'-cis-neox-
anthin (Nishiyama et al. 2005). The green fruit of
A. deliciosa was found to retain chlorophyll dur-
ing maturation and ripening. This suggested that
in fruit of A. deliciosa chloroplasts were not con-
verted to chromoplasts as is typical for ripening
fruit. The concentrations of chlorophyll, lutein,
and PB-carotene in the fruit of A. deliciosaHayward
were 1.65, 0.418, and 0.088 mg/100 g fresh
weight, respectively.

Kiwifruit was found to contain many phy-
tochemicals like phenols and flavonoid which
contributed to its antioxidative and pharmacologi-
cal activities. Vitamin E, 2,8-dimethyl-2-(4,8,12-
trimethyltridec-11-enyl)chroman-6-ol, as well as
o~ and &-tocopherol, 7 sterols, the triterpene urso-
lic acid, chlorogenic acid, and 11 flavonoids
(Fiorentino et al. 2009) were found in its peels.
Two caffeic acid glucosyl derivatives and two
coumarin glucosides were found in the pulp,
besides the three vitamin E, [-sitosterol,
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stigmasterol, and its Delta(7) isomer, campes-
terol, chlorogenic acid, and some flavone and fla-
vanol molecules.

In the Actinidia chinensis genotypes tested the
major anthocyanin was cyanidin 3-O-xylo
(1-2)-galactoside, with smaller amounts of cyani-
din 3-O-galactoside (Montefiori et al. 2005). In
the A. deliciosa genotypes analyzed, cyanidin
3-O-xylo (1-2)-galactoside was not detected;
instead, the major anthocyanins identified were
cyanidin  3-O-galactoside  and  cyanidin
3-O-glucoside. However, the two species did not
differ consistently in anthocyanin composition.

Antioxidant Activity

Kiwifruit was found to be a good example of a
food with putative antioxidant properties, and
was effective at decreasing oxidative DNA dam-
age (Collins et al. 2001). Ex-vivo, consumption
of kiwifruit was found to lead to an increased
resistance of DNA to oxidative damage induced
by H,O, in isolated lymphocytes, in comparison
with lymphocytes collected after a control drink
of water. No effect was seen on endogenous DNA
damage. In-vitro, a simple extract of kiwifruit,
buffered to pH 7, was more effective than a solu-
tion of vitamin C (of equivalent concentration) at
protecting DNA from damage, whereas at the
highest concentrations tested, neither kiwi extract
nor vitamin C had a protective effect. The results
demonstrated that the significant antioxidant
activity of kiwifruit ex-vivo and in-vitro, was not
attributable entirely to the vitamin C content of
the fruit.

Ethylene treatment of kiwifruits was found to
lead to positive changes in most of the studied
kiwifruit compounds and to an increase in the
fruit antioxidant potential (Park et al. 2006a).
Ethylene shortened the ripening time and
improved fruit quality by decreasing its flesh
firmness and acidity. Significant increases were
found to occur in the contents of free sugars, sol-
uble solids, endogenous ethylene production,
sensory value, 1-aminocyclopropane-l-carboxy-
lic acid (ACC) content, ACC synthase and ACC
oxidase activities, total polyphenols and related
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antioxidant potential that was significantly higher
than in untreated samples. During ethylene treat-
ment, the bioactivity of kiwifruit was found to
increase and to reach its peak at the 6th day and
therefore represented the optimum time for kiwi-
fruit consumption. On the 6th day of the ethyl-
ene treatment kiwifruit samples had the highest
contents of polyphenols and flavonoids and the
highest antioxidant activity. Total polyphenols
were found to be the main contributor to the
overall antioxidant activity of kiwifruit.

Prior et al. (2007) demonstrated that consump-
tion of certain berries and fruits such as blueber-
ries, mixed grape and kiwifruit, was associated
with increased plasma antioxidant capacity in the
postprandial state. It was also found that con-
sumption of an energy source of macronutrients
containing no antioxidants was associated with a
decline in plasma antioxidant capacity. However,
further long term clinical studies are needed to
translate increased plasma antioxidant capacity
into a potential decreased risk of chronic degen-
erative disease. Consumption of high antioxidant
foods with each meal was recommended in order
to prevent periods of postprandial oxidative
stress.

Protease Activity

Kiwi fruit was found to be rich in actinidin, a
meat-tenderizing cysteine protease (Lewis and
Luh 1988). They found that the tenderness of
broiled bovine semitendinosus (ST) steaks exhib-
iting an actinidin activity of 400 U/mL resulted in
Kramer shear values and sensory tenderness
scores equivalent to that produced by Adolph’s
papain-based meat tenderizer (18 U/mL) (Lewis
and Luh 1988). Both were significantly more ten-
der than steaks having no tenderizing treatment.
Actinidin did not over-tenderize the steak surface
as did Adolph’s papain-based meat tenderizer. In
separate studies, Mostafaie et al. (2008) demon-
strated the collagenolytic effect of actinidin.
Actinidin was found to hydrolyze collagen types
I and Il at neutral and alkaline buffers.
Additionally, actinidin compared with type II or
IV collagenase was found to be able to isolate
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intact human umbilical vein endothelial cells,
hepatocytes, and thymic epithelial cells with via-
bility more than 90%.

The results showed actinidin to be a novel and
valuable collagenase, which could be used effi-
ciently for hydrolysis of collagen and isolation of
different cell populations from various solid
tissues.

Laxative Activity

Increasing dietary fibre intake was found to be
effective in relieving chronic constipation in
Chinese patients (Chan et al. 2007). The mean
CSBM (complete spontaneous bowl motion)
increased after a 4 week treatment of kiwifruit
twice daily. There was also improvement in the
scores for bothersomeness of constipation, and
satisfaction of bowel habit, and a decrease in days
of laxative used. There was also improvement in
transit time and rectal sensation. However, there
was no change in the bowel symptoms or anorec-
tal physiology in the healthy subjects. The regu-
lar use of kiwifruit appeared to lead to a bulkier
and softer stool, as well as more frequent stool
production. Rush et al. (2002) also found kiwi-
fruit to be a natural remedy to improve laxation
for elderly individuals who are otherwise healthy
and to be palatable to most of the population.
Their study suggested that a number of factors in
the whole fruit were involved, but the nature of
the stools suggested fibre was important. This
study provided evidence of the potential for
improvement in bowel function, health and well-
being through changes in diet.

Cardiovascular Activity

Kiwi fruit which contains high amounts of vita-
min C, vitamin E and polyphenols may be benefi-
cial in cardiovascular disease. Studies reported
Duttaroy and Jgrgensen (2004) found that con-
suming two or three kiwifruits per day for 28 days
reduced platelet aggregation response to collagen
and ADP (adenosine diphosphate) by 18% com-
pared with the controls. Platelets are known to be
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involved in atherosclerotic disease development
and the reduction of platelet activity could reduce
the incidence and severity of disease. Additionally,
consumption of kiwifruit lowered blood triglycer-
ides levels by 15% compared with control,
whereas no such effects were observed in the case
of cholesterol levels. The data indicated that con-
suming kiwifruit may be beneficial in cardiovas-
cular disease.

Antimicrobial/Prebiotic Activity

Kiwi fruit peels also has medicinal efficacy. In
studies conducted, both cytotoxic activity and
multi-drug resistance reversal activity were found
in the less polar fractions of kiwifruit peel extracts
(Motohashi et al. 2001). Antibacterial activity
was distributed into various fractions and all frac-
tions were inactive against Candida albicans and
Helicobacter pylori. Only 70% methanol extracts
showed anti-human immunodeficiency virus
activity. These fractions also effectively scav-
enged O* produced by the xanthine-xanthine
oxidase reaction, suggesting a bimodal (pro-oxi-
dant and antioxidant) action.

Kiwifruit, and in particular the water extract
of gold kiwifruit demonstrated an ability to posi-
tively influence intestinal bacterial enzymes, by
inhibiting B-glucuronidase activity and promot-
ing the activity of B-glucosidase (Molan et al.
2008). In addition, extracts prepared from gold
kiwifruit and green kiwifruit were able to pro-
mote the growth of faecal lactic acid bacteria
(LAB) especially at high concentrations and
reduce the growth of Escherichia coli. This was
explained by the reduction of the activity of
B-glucuronidase generated mainly by E. coli. The
increase in activity of B-glucosidase was postu-
lated to be due to the stimulation of the growth of
LAB, which have high levels of (-glucosidase
activity in comparison with the members of the
gut microflora. It was concluded that both the
edible flesh and, particularly, water extracts of
gold and green kiwifruit, exhibited antimicrobial
and prebiotic activities when tested under in-vitro
conditions. Kiwifruits were also shown to benefi-
cially modulate the intestinal bacterial enzymes,
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B-glucosidase and B-glucuronidase, in a manner
that was considered beneficial for gastrointestinal
health.

Anti-inflammatory Activity

Aqueous extracts of kiwifruit was demonstrated
in-vitro to reduce lipopolysaccharide (LPS)-
induced tumour necrosis factor (TNF)o and
interleukin (IL)-1B production indicating its
potential anti-inflammatory activity (Farr et al.
2008). Aqueous extracts from ZESPRI™ GOLD
(Actinidia chinensis ‘Hort16A’) and ZESPRI™
GREEN (A. deliciosa ‘Hayward’) kiwifruit culti-
vars showed promising activity with human
THP-1 (Human acute monocytic leukemia cell
line) monocytes and peripheral whole blood,
although differential effects were seen in indi-
vidual donors.

Anticancer Activity

Ethanol extracts of Actinidia deliciosaroots were
found to possess anticancer properties in-vitro
and in-vivo (Liang et al. 2007). Both ethanol and
butanol extract of A. deliciosa roots exhibited
anti-tumour effects to hepatoma S180-mice and
prolonged hepatoma H22-mice life. Both extract
were found to improve the immune function of
bearing tumour mice. In a subsequent study, Lee
etal. (2010) found that both gold kiwifruit (GOK)
and green kiwifruit (GRK) protected WB-F344
rat liver epithelial cells from H,O,-induced inhi-
bition of gap-junction intercellular communica-
tion (GJIC). The extracellular signal-regulated
protein kinase 1/2 (ERK1/2)-connexin 43 (Cx43)
signalling pathway was found to be crucial for
the regulation of GJIC, and both kiwifruit types
blocked the H,O,-induced phosphorylation of
Cx43 and ERK1/2 in WB-F344 cells. Quercetin
aloneattenuatedthe H,0O,-mediated ERK1/2-Cx43
signalling pathway and consequently reversed
H,0,-mediated inhibition of GJIC in WB-F344
cells. A free radical-scavenging assay using
1,1-diphenyl-2-picrylhydrazyl showed that the
scavenging activity of quercetin was higher than
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that of a synthetic antioxidant, butylated hydroxy-
toluene, suggesting that the chemopreventive
effect of quercetin on H,O,-mediated inhibition
of ERK1/2-Cx43 signalling and GJIC may be
mediated through its free radical-scavenging
activity. Since the carcinogenicity of reactive
oxygen species such as H O, was attributable to
the inhibition of GJIC, both kiwifruit types and
quercetin may have chemopreventive potential
by preventing the inhibition of GJIC. GJIC was
reported to propagate cell death in cancerous
cells (Krutovshikh et al. 2002).

Hepatoprotective Activity

Studies reported that ethanol extracts of A. deli-
ciosa roots had anti-hepatotoxic effects (Bai and
Qiu 2006). The main antihepatotoxic chemical
constituents identified were two triterpenoids
(TTP), ursolic acid (3b-hydroxy-urs-12-en-28-
oic acid) and oleanolic acid (3b-hydroxy- olea-
12-en-28-0ic acid) (Bai et al. 2007). The
ethanol-water extract of A. deliciosaroot (EEAD)
was fractionated into n-hexane (EEAD-He), ethyl
acetate (EEAD-Ea), n-butanol (EEAD-Bu) and
aqueous (EEAD-Aq) fractions according to their
different polarity and solubility. Amongst the
four fractions, it was found that EEAD-Bu was
enriched with oleanolic acid (OLA). The studies
showed that the EEAD-Bu had higher in-vitro
antioxidant and in-vivo hepatoprotective activi-
ties than those of the other types of extracts in
rats. When the carbon tetrachloride-induced rats
were treated with 120 mg/kg EEAD-Bu, the
activities of alanine transaminase (ALT) and
aspartate transaminase (AST) in rat serum
declined 90% and 81%, respectively, as com-
pared with those of the carbon tetrachloride con-
trol rats. Further, the lipid peroxidation MDA
(malondialdehyde) decreased 42% and glutathi-
one (GSH) increased 114% in the rats liver homo-
genate, as compared with those of the control.
The results also indicated that the hepatoprotec-
tive activity of the EEAD-Bu (at the dose of
120 mg/kg) was higher than that of the reference
drug silymarin (at the dose of 60 mg/kg), and that
OLA played an important role in dose-dependent
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protection  against  carbon  tetrachloride

hepatotoxicity.

Antihyperglycemic/Antidiabetic
Activity

The methanol extract of kiwifruit leaf was found
to suppress postprandial blood glucose level after
an oral administration of soluble starch or sucrose
in mice (Shirosaki et al. 2008). The mechanism
of action was proposed to be due to the o-amy-
lase-inhibiting activity in the 90% aqueous meth-
anol fraction, and to o-glucosidase-inhibiting
activity in the n-butanol fraction.

A 100% methanol fraction of methanolic
extract from unripe kiwifruit (Actinidia deli-
ciosa), designated KMF (kiwifruit methanol frac-
tion) when applied to 3 T3-L1 preadipocyte cells,
stimulated adipocyte differentiation, increased
glycerol-3-phosphate  dehydrogenase (GPDH)
activity, and enhanced triglyceride (TG) content
(Abe et al. 2010). KMF was found to markedly
enhance mRNA expression of peroxisome prolif-
erator-activated receptor gamma (PPARgamma)-
the master adipogenic transcription factor and its
target genes. Moreover, KMF increased mRNA
expression and protein secretion of adiponectin,
whereas mRNA expression and secretion of
monocyte chemoattractant protein-1 (MCP-1)
and interleukin-6 (IL-6) were downregulated.
Compared with troglitazone, KMF downregu-
lated the production of reactive oxygen species
(ROS) and nuclear factor-kappaB (NFkappaB)
activation. Glucose uptake was promoted by
KMF in differentiated 3 T3-L1 adipocytes. The
results indicated that KMF may exert beneficial
effects against diabetes via its ability to regulate
adipocyte differentiation and function.

Antihyperlipidemic Activity

In a study involving 43 subjects (13 males and 30
females) with hyperlipidemia, the HDL-C con-
centration was significantly augmented and the
LDL cholesterol/HDL-C ratio and total choles-
terol/HDL-C ratio were significantly reduced
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after 8 weeks of consumption of kiwifruit (Chang
and Liu 2009). Vitamin C and vitamin E contents
also increased significantly. In addition, the lag
time of LDL oxidation and malondialde-
hyde +4-hydroxy-2(E)-nonenal were signifi-
cantly altered at 4 and 8 weeks during kiwifruit
intervention. The study suggested that regular
consumption of kiwifruit might exert beneficial
effects on the antioxidative status and the risk
factors for cardiovascular disease in hyperlipi-
demic subjects.

Immunomodulatory Activity

Kiwifruit extracts (Actinidia chinensis and
Actinidia deliciosa) significantly increased spe-
cific intestinal mucosal and serum antibody
responses to the vaccines and promoted interferon-
v and natural killer cell activities in BALB/c mice
(Shu et al. 2008). No significant improvement
was observed in proliferative response, phago-
cytic activity and interleukin-4 production. The
study demonstrated the ability of kiwifruit extract
to enhance markers of innate and acquired immu-
nity in the tested murine model.

Wound Healing Activity

In recent studies, debridement and scar contrac-
tion were found to occur significantly faster in
the kiwi fruit-treated group than in the untreated
group of rats (Hafezi et al. 2010). After 20 days,
all eschars had detached and fallen off in the
kiwifruit intervention group. Following rapid
enzymatic debridement, healing appeared to
progress normally, with no evidence of damage
to adjacent healthy tissue.

Allergy Problem

On the down side, kiwi fruit can cause allergy
and its oxalate content is an antinutrient. Allergy
to kiwi fruit was first described in 1981, and there
have since been reports of the allergy presenting
a wide range of symptoms from localized oral
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allergy syndrome (OAS) to life-threatening ana-
phylaxis (Lucas et al. 2003). Actinidia chinensis
(gold kiwi) more recently introduced commer-
cially has been shown to have in-vitro immuno-
globulin E (IgE) cross-reactivity with green kiwi
(Lucas et al. 2005). Gold kiwifruit is allergenic
and patients allergic to green kiwi are at risk of
reacting to the gold kiwi fruit. Despite having dif-
ferent protein profiles and IgE-binding patterns,
the two species have proteins that extensively
cross-inhibit the binding to IgE. Allergic reac-
tions to fruits and vegetables are among the most
frequent food allergies in adults. Kiwi fruit
(Actinidia deliciosa) is commonly involved,
causing local mucosal, systemic, or both types of
symptoms by an IgE-mediated mechanism
(Pastorello et al. 1998). Studies demonstrated
that the major allergen of kiwifruit, Act ¢ 1, was
actinidin, a proteolytic enzyme belonging to the
class of thiol-proteases. Two other allergens of
24 and 28 kd were also identified. Green fleshed
Kiwi fruit was also found to be rich in kiwellin,
an allergenic protein (Tuppo et al. 2008).
Kiwellin is a modular protein with two
domains. It may undergo in-vivo proteolytic
processing by actinidin, thus producing KiTH
and kissper. When probed with sera recognizing
kiwellin, KiTH showed IgE binding, with reac-
tivity levels sometimes different from those of
kiwellin. The IgE-binding capacity of kiwellin
from gold kiwifruit and green kiwifruit appeared
to be similar.

Traditional Medicinal Uses

In Chinese folk medicine the fruits, stems and
roots are regarded as diuretic, febrifuge and sed-
ative. The vines and leaves are used against kid-
ney stones, rheumatoid arthralgia, cancers of the
liver and oesophagus. The root of A. deliciosa
has been used as a traditional drug in China for
a long time and has recently acquired interest
due to its attractive potential application in
indigenous drugs. It has been employed in folk
medicine remedy for adult diseases, such as
potent antihepatotoxic, anti-pyorrhoea and gin-
gival inflammation (Bai and Qiu 2006; Bai et al.
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2007). The branches and leaves are boiled in
water and the liquid used for treating mange in
dogs. In China, the fruit and the juice of the
stalk are esteemed for expelling “gravel”. The
Chinese use kiwifruit extract as a tonic for grow-
ing children and for women after childbirth.

Other Uses

The bast fibres of the vines are used for ropes.
From the leaves and the bark paper can be made.
If the bark is removed in one piece from near the
root and placed in hot ashes, it becomes very
hard and can be used as a tube for pencils.
California kiwifruit growers have found the vine
trimmings unsuitable for mulch or disposal by
burning but excellents for floral arrangements
and are shipping them to florists.

Comments

This species has two botanical varieties: Actinidia
deliciosa var. chlorocarpa and Actinidia deli-
ciosa var. deliciosa.

In China there are four main cultivars: Zhong
Hua (Chinese gooseberry), Jing Li (northern pear
gooseberry), Ruan Zao (Soft date gooseberry)
and Mao Hua (may be tight- or loose-haired). In
New Zealand the predominant cultivars are:
Abbott, Allison, Bruno, Hayward, Monty
(Montgomery) and Greensill.
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Scientific Name

Sambucusnigra L.

Synonyms

Sambucus alba Raf., Sambucus arborescens
Gilib., Sambucus florida Salisb., Sambucus lac-
Mill., Sambucus Gilib.,
Sambucus pyramidata Lebas, Sambucus vire-
scens Desf., Sambucus vulgaris Neck.

iniata medullosa

Family

Adoxaceae, also placed in Caprifoliaceae and
Sambucaceae

Common/English Names

Black Elder, Common Elder, Pipe Tree, Bore
Tree, Bour Tree, Danewort, Elder Bush, Elder,
Elderberry, European Alder, European Black
Elder, European Black Elderberry, European
Elder, European Elderberry, Pipe Tree, Sambu,
Tree Of Medicine, Tree Of Music

Vernacular Names

Brazl: Sabugueiro;
Czech: Bez Cerny;

Danish: Almindelig Hyld, Hyld, Hyldebeer;
Dutch: Gewone Viler;

Eastonian: Must Leeder;

Finnish: Mustaselja;

French: Grand Sureau, Seu, Sus, Sureau, Sureau
Noir;

German: Flieder, Fliederbeerbusch, Hollerbusch,
Schwarzer Holunder;

Hungarian: Fekete Bodza;

I celandic: Svartyllir;

Italian: Sambuco, Sambuco, Commune, Sambuco
Negro, Sambuco Nero, Zambuco;

Latvia: Melnais Plaskoks;

Lithuanian: Juoduogis Seivamedis;

Norwegian: Hyll, Haersbutre, Svarthyll;
Papiamento: Sauku;

Polish: Bez Czarny, Czarny Bez, Dziki Bez
Czarny, Dziki Czarny Bez;

Portuguese: Sabugueiro-Negro;

Russian: Buzina Cernaja;

Slovascina: Crni Bezeg, Bezeg, Bezeg Crni;
Slovencina: Baza Cierna;
Spanish: Caiiler, Canillero,
Sabuco, Sauch, Satco;
Swedish: AktaFlider, Flider, Hyll, Sommarflider,
Vanlig Flader.

Catco Negro,

Origin/Distribution

The species is common to most of Europe includ-
ing Scandinavia and Great Britain, northwest
Africa, Asia Minor, Caucasus to Western Siberia.
Its naturalised distribution area reaches 63°N

T.K. Lim, Edible Medicinal and Non-Medicinal Plants: Volume 1, Fruits, 30
DOI 10.1007/978-90-481-8661-7_5, © Springer Science+Business Media B.V. 2012
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latitude in western Norway (with scattered
naturalised shrubs up to at least 68°N) and
approximately 55°N in Lithuania. The eastern
limit of its distribution is approximately 55°E.

Agroecology

Sambucus nigra is a European species with an oce-
anic to suboceanic, cool-temperate and west-medi-
terranean range. It is predominantly a shrub of open
areas and associated with moderately to highly
eutrophic and disturbed soils, for example in flood-
plains, coastal scrub or along forest margins and in
forest gaps, or anthropogenically in hedgerows,
abandoned fields and gardens, around farm houses,
road margins, near railways and on post-indus-
trial wasteland. It grows in a variety of conditions
including both wet and dry fertile soils, primarily
in sunny locations and abhors deep shade.

Edible Plant Parts and Uses

The ripe purple berries can be eaten raw or cooked,
but the flavour of the raw berries are not pleas-
antly acceptable though when cooked they make
delicious pies, jellies, jams, preserves, juice, wine,
etc. In Hungary an elderberry brandy is produced
from the fruits. In Beerse, Belgium, a variety of
Jenever called Beers Vlierke is made from the ber-
ries. The fruit is commonly used to impart flavour
and colour (anthocyanin) to preserves, jams, pies,
sauces, soups and chutney. Elderberries when
cooked go well with blackberries and with apples
in pies. In Scandinavia and Germany, soup made
from the elderberry is a traditional meal. They can
also be dried for later use.

The flowers are also edible raw or cooked or
dried for later use. They are fragrant and aro-
matic, and commonly used in flower infusions as
a refreshing drink in Northern Europe and the
Balkans. Commercially, these are sold as elder-
flower cordials. The flowers are also made into a
syrup (in Romanian: Socatd, in Swedish:
fldder(blom)saft), which is diluted before drink-
ing. The popularity of this traditional drink has
recently encouraged some commercial soft drink
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producers to introduce elderflower-flavoured
drinks (Fanta Shokata, Freaky Fldder). Wine is
also made from the flowers. In south-western
Sweden, it is traditional to make a snaps liqueur
flavored with elderflower. It is also made and
sold commercially, under the name Hallands
Fldder. Elderflowers are also used in liqueurs
such as St. Germain and a mildly alcoholic spar-
kling elderflower ‘champagne’. The flowers are
also used to flavour stewed fruits, jellies and
jams. A sweet tea is made from dried flowers.
The flowers can also be dipped into a light batter
and then fried to make elderflower fritters.

The leaves are use to impart a green colouring
to oils and fats.

Botany

Deciduous banching shrub to small tree to 10 m
with erect shoots from the base and arching
branches. Bark is brownish-gray, corky and
deeply furrowed. Leaves are imparipinnate with
3- (5-7)-9 leaflets. Leaflets are 3-9 cm, ovate,
ovate-lanceolate or ovate-elliptic, acuminate tip
with serrate margins (Plate 1). Petioles are
3—4 cm long and deeply grooved on the adaxial
side. Stalk-like extrafloral nectaries are present

Plate 1 Pinnate leaves and flower buds of elderberry
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Plate 2 Opened flowers of elderberry

Plate 3 Close-up of elderberry flower

at the base of leaves and leaflets. Inflorescence is
flat-topped, 10-20 cm across, corymbose with
five primary rays. Flowers are pentamerous,
bisexual, actinomorphic, calyx lobes small,
corolla rotate, with a short tube and spreading
lobes, 5 mm across, creamy-white and fragrant
(Plates 2—3). Anthers are extrose, cream; style
is short with 3-5 stigmas. Fruit is a drupe,
6-8 mm, globose, purplish-black, containing 3-5
small, compressed seeds.

Nutritive/Medicinal Properties

The nutrient composition of raw elderberries per
100 g edible portion was reported as: water 79.80 g,
energy 73 kcal (305 kJ), protein 0.66 g, total lipid

0.50 g, ash 0.64 g, carbohydrate 18.40 g, total
dietary fibre 7.0 g, Ca 38 mg, Fe 1.60 mg, Mg
5 mg, P 39 mg, K 280 mg, Na 6 mg, Zn 0.11 mg,
Cu 0.061 mg, Se 0.6pg, vitamin C 36 mg, thaimin
0.070 mg, riboflavin 0.060 mg, niacin 0.5 mg, pan-
tothenic acid 0.140 mg, vitamin B-6 0.230 mg,
total folate 6pg, vitamin A 30ug RAE, vitamin A
600 IU, total saturated fatty acids 0.023 g, 16:0
(palmitic acid) 0.018 g, 18:0 (stearic acid) 0.005 g,
total monounsaturated fatty acids 0.080 g, 18:1
undifferentiated 0.080 g, total polyunsaturated
fatty acids 0.247 g, 18:2 undifferentiated 0.162 g,
18:3 undifferentiated 0.085 g, tryptophan 0.013 g,
threonine 0.027 g, isoleucine 0.027 g, leucine
0.060 g, lysine 0.026 g, mehtionine 0.014 g, cys-
tine 0.015 g, phenylalanine 0.040 g, tyrosine
0.051 g, valine 0.033 g, arginine 0.047 g, histidine
0.015 g, alanine 0.030 g, aspartic acid 0.058 g,
glutamic acid 0.096 g, glycine 0.036 g, proline
0.025 g and serine 0.032 g (USDA 2010). Wild
European elderberry plants in Turkey were found
to be very rich in terms of health components
with high protein content of 2.68-2.91%, high
total antioxidant capacity of 6.37 mmol/100 g
FW; total phenolic content of 6,432 mg
GAE/100 g FW and total anthocyanin content of
283 mg cyaniding-3-glucoside/100 g FW
(Akbulut et al. 2009).

Among the elderberry cultivars/selections
tested the ‘Haschberg’ cultivar of Sambucus nigra
was found to be the richest in organic acids (6.38 g/
kg FW), and it contained the least sugar (68.5 g/kg
FW) (Veberic et al. 2009a, b). The following major
cyanidin based anthocyanins were identified in the
fruit of black elderberry: cyanidin 3-sambubioside-
5-glucoside, cyanidin 3,5-diglucoside, cyanidin
3-sambubioside, cyanidin 3-glucoside and cyani-
din 3-rutinoside. The most abundant anthocyanin
in elderberry fruit was cyanidin 3-sambubioside,
which accounted for more than half of all antho-
cyanins identified in the berries. The ‘Rubini’ cul-
tivar had the highest amount of the anthocyanins
identified (1,265 mg/100 g FW) and the lowest
amount was found in berries of the ‘Selection 14’
(603 mg/100 g FW). The ‘Haschberg’ cultivar
contained a relatively low amount of anthocyanins
in ripe berries (737 mg/100 g FW). From the quer-
cetin group, quercetin, quercetin 3-rutinoside and
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quercetin 3-glucoside were identified. The culti-
var with the highest amount of total quercetins
was ‘Selection 25’ (73.4 mg/100 g FW), while the
‘Haschberg’ cultivar contained average amounts
of quercetins (61.3 mg/100 g FW). The chemical
composition of the ‘Haschberg’ cultivar, the most
commonly planted cultivar, conformed to the stan-
dards for sugars, anthocyanins and quercetins and
exceeded them in the content levels of organic
acids, the most important parameter in fruit
processing.

Both Sambucus canadensis and S. nigra were
found to have cyanidin-based anthocyanins as
major pigments in the fruits (Lee and Finn 2007).
Trace levels of delphinidin 3-rutinoside were pres-
ent in all elderberry samples except cv. ‘Korsgr’.
Also, petunidin 3-rutinoside was detected in cvs
‘Adams 2’°, ‘Johns’, ‘Scotia’, ‘York’, and ‘Netzer’
(S. canadensis). The identified polyphenolics of
both species were mainly composed of cinnamic
acids and flavonol glycosides. The major polyphe-
nolic compounds present in S. nigra were chloro-
genic acid and rutin, while neochlorogenic acid,
chlorogenic acid, rutin, and isorhamnetin 3-rutino-
side, were found to be major polyphenolic com-
pounds in S. canadensis.

Elderberry wine was found to have a moderate
ethanol concentration, intense red coloration, and
higher pH value compared to most red wines
(Schmitzer et al. 2010). Total phenolic content of
elderberry must and wine ranged up to 2004.13
GAE/L. Antioxidative potential of elderberry wine
was in the range of red wine, and a close correla-
tion was detected between total phenolic content
and antioxidative potential of elderberry wine.

The following triterpenoids and sterols were
identified in the flowers of Sambucus nigra
(Willuhn and Richter 1977): triterpenoids: o- and
B-amyrin (major), lupeol, cycloartenol, 24-methyl-
enecycloartanol, cycloeucalenol; sterols: choles-
terol, campesterol, stigmasterol and sitosterol
(major). These triterpenoids and sterols were
present in the free form and in the esterified
form, primarily as ester of palmitic acid. The
four sterols were also present in the glycosidi-
cally bound form. Besides this, traces of a- and
B-amyrinacetate and oleanolic acid were iso-
lated, and ursolic acid was found to be a major
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component of the flowers. Additionally, the flow-
ers contained primary alcohols of the homolo-
gous series from C17 to C30 in the free form and
in the esterified form, the even-members being
predominant. The major acids of the esters were
found to be 16:0, 18:0, 18:1 and 18:2 acids. The
secondary alcohols were unsaturated, ranging in
the carbon number from C14 to C25 with the
odd-members (C21, C23, C25) being predomi-
nant. They occurred only in the esterified form
with 16:0, 18:0, 18:1, 20:0 and 20:1 acids as
major components.

Forty eight volatile compounds were found in
fresh elder flowers of five cultivars (Jgrgensen
et al. 2000). The odor of the volatiles was evalu-
ated by the GC-sniffing technique. Cis-rose
oxide, nerol oxide, hotrienol, and nonanal con-
tributed to the characteristic elder flower odor,
whereas linalool, alpha-terpineol, 4-methyl-3-
penten-2-one, and (Z)-beta-ocimene provided
floral notes. Fruity odors were associated with
pentanal, heptanal, and beta-damascenone. Fresh
and grassy odors were primarily associated with
hexanal, hexanol, and (Z)-3-hexenol.

Nonsaponifiable lipid components of the pol-
len of elder extracted with chloroform-methanol
afforded the following groups of compounds:
hydrocarbons (8.7%). polycyclic aromatic
hydrocarbons (0.2%), complex esters (5.2%),
triglycerides (18.7%), hydroxy esters (27.9%),
free fatty acids and alcohols (16.8%), free sterols
(6.8%), and triterpenic alcohols (4.0%) (Stransky
et al. 2001).

The non-saponifiable fractions from petro-
leum and ether extracts of the bark of Sambucus
nigra were found to contain o-amyrenone,
o-amyrin, betulin, oleanolic acid and (-sitosterol
(Lawrie et al. 1964). Inoue and Sato (1975)
reported the following compounds from S. nigra:
the triterpenes o- and P-amyrin, ursolic acid,
oleanic acid, betulin, betulic acid and other com-
ponents that include sitosterol, stigmasterol,
campesterol, quercetin, rutin and n-alkanes.

The following phenolic acids: caffeic acid,
p-coumaric acid, ferulic acid, gallic acid, syringic
acid, 3, 4, 5-trimethoxybenzoic acid and chloro-
genic acid were detected and identified in the bark
of Sambucus nigra (Turek and Cisowski 2007).
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Twenty-four aromatic metabolites belonging to
cyanogenins, lignans, flavonoids, and phenolic
glycosides were obtained from Sambucus nigra
(D’Abrosca et al. 2001). Two compounds were
isolated and identified as (2 S)-2-O-beta-D-
glucopyranosyl-2-hydroxyphenylacetic acid and
benzyl 2-O-beta-D-glucopyranosyl-2,6-dihydroxy-
benzoate. Cyanogenins had a mainly inhibiting
effect on seed germination of Lactuca sativa (let-
tuce) and Raphanus sativus (radish) and Allium
cepa (onion) while lignans stimulated radicle
growth.

Antioxidant Activity

Spray-dried elderberry juice, containing high
amounts of anthocyanin glucosides exhibited sig-
nificant antioxidant and proxidant activities (Abuja
et al. 1998). A strong, concentration-dependent
prolongation of the lag phase of copper-induced
oxidation of human low-density lipoprotein (LDL)
was found, but the maximum oxidation rate was
unaltered. Peroxyl-radical-driven LDL oxidation
exhibited both extension of lag time and decrease
of maximum oxidation rate. In the case of copper-
mediated oxidation, low level concentrations
(4ug/m) of elderberry anthocyanins were able to
reduce a-tocopheroxyl radical to a-tocopherol.
Clear prooxidant activity in copper-mediated
oxidation was observed, depending on the time
of addition of extract. No such effect was found in
peroxyl-radical-mediated LDL oxidation. The
ability of elderberry extract to provide antioxidant
protection via inhibition of LDL-oxidation and
free radical scavenging makes it a potentially
valuable tool in the treatment of disease resulting
from oxidative stress including cardiovascular
disease, cancer, neurodegenerative disease,
peripheral vascular disease, autoimmune diseases,
and multiple sclerosis.

Several studies had shown that anthocyanin
glycosides were indeed absorbed in humans, thus
supplementing with elderberry extracts contain-
ing anthocyanins could provide significant anti-
oxidant benefit. Wu et al. (2002) reported that
two major anthocyanins in elderberry extract —
3-glucoside and cyanidin-3-sambubioside, as
well as four metabolites: peonidin 3-glucoside,
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peonidin  3-sambubioside, peonidin monog-
lucuronide, and cyanidin-3-glucoside monog-
lucuronide were identified in the urine of elderly
women within 4 hours of consumption. Their
study demonstrated that in-vivo methylation of
cyanidin to peonidin and glucuronide conjugate
formation occurred after consumption of the
anthocyanins and the low absorption and excre-
tion of the anthocyanin compared with other fla-
vonoids. Bitsch et al. (2004) found that within 7
hours, the urinary excretion of total anthocyanins
was 0.04% and 0.37% of the administered dose
following blackcurrant juice and elderberry
extract consumption, respectively. Anthocyanin
absorption was found to be significantly greater
following the intake of elderberry extract than
after the intake of blackcurrant juice as shown by
the 5.3- and 6.2-fold higher estimates of dose-
normalized Cmax and AUC(0-tZ) of total antho-
cyanins, respectively. Cao and Prior (1999) also
reported that elderberry extract containing cyani-
din 3-glucoside and cyanidin 3-sambubioside
were absorbed into the human plasma. Milbury
et al. (2002) also examined the bioavailability
and pharmacokinetics of elderberry anthocyanins
in humans. They reported that anthocyanins were
detected as glycosides in both plasma and urine
samples and that the elimination of plasma antho-
cyanins appeared to follow first-order kinetics
and most anthocyanin compounds were excreted
in urine within 4 hours after feeding. The current
findings appeared to refute assumptions that
anthocyanins were not absorbed in their
unchanged glycosylated forms in humans.
Pharmacokinetics studies by Frank et al. (2007)
found that the fraction of orally administered
anthocyanins from elderberry extract recovered
unchanged in urine of the healthy volunteers
indicating a low bioavailability of these com-
pounds. The peak and average systemic exposure
to the major elderberry anthocyanidin glycosides
in plasma as well as their renal excretion exhib-
ited approximate dose-dependent characteristics
within the administered range.

Studies showed that the enrichment of
endothelial cells with elderberry anthocyanins
conferred significant protective effects in
endothelial cells against the following oxidative
stressors:  hydrogen peroxide (H,0,)); 2,
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2’-azobis(2-amidinopropane)  dihydrochloride
(AAPH); and FeSO,, ascorbic acid (Youdim
et al. 2000). Elderberry extract containing four
anthocyanins, were found to be incorporated into
the plasma membrane and cytosol of human
endothelial cells following 4 hours incubation at
1 mg/ml. However, incorporation within the cyto-
sol was considerably less than that in the mem-
brane. Uptake within membrane and cytosol
seemed to be structure dependent, with monogly-
coside concentrations greater than that of the
diglucosides in both compartments. These results
demonstrated that vascular endothelial cells could
incorporate anthocyanins into the membrane and
cytosol, imparting significant protective effects
against damage from reactive oxygen species.
The most pronounced affect was observed with
protection against H,O,-induced loss in cell
viability.

Antihyperlipidemic Activity

In a randomised placebo-controlled study of 34
healthy subjects, there was only a small, statisti-
cally non-significant alteration in cholesterol
levels in the elderberry group (from 199 to
190 mg/daily) compared to the placebo group
(from 192 to 196 mg/daily) at the end of a
2 weeks period (Murkovic et al. 2004). Small
reductions were also reported in triglycerides,
and HDL- and LDL-cholesterol. The resistance
to copper-induced oxidation of LDL did not
change within 3 weeks. Although improvements
in lipid values were statistically insignificant, the
dosage of elderberry extract was low. The
researchers asserted that it was possible higher,
but nutritionally relevant doses might signifi-
cantly reduce postprandial serum lipids, however,
further study on patients with elevated lipid lev-
els was warranted.

Antiviral Activity

Elderberry has been used in folk medicine for
centuries to treat influenza, colds and sinusitis
(Zakay-rones et al. 1995). Numerous studies
using Sambucol, a standardized elderberry prep-
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aration had shown it to neutralize and reduce the
infectivity of influenza viruses A and B (Zakay-
Rones et al. 1995, 2004), HIV strains and clini-
cal isolates (Sahpira-Nahor et al. 1995), and
Herpes simplex virus type 1 (HSV-1) strains and
clinical isolates (Morag et al. 1997).

A standardized elderberry extract, Sambucol
(SAM), was found to be effective in-vitro against
ten strains of influenza virus (Zakay-Rones et al.
1995). SAM was found to decrease hemagglu-
tination and to inhibit replication of human
influenza viruses type A/Shangdong 9/93 (H3N2),
A/Beijing 32/92 (H3N2), A/Texas 36/91 (HIN1),
A/Singapore 6/86 (HIN1), type B/Panama 45/90,
B/Yamagata 16/88, B/Ann Arbor 1/86, and of
animal strains from Northern European swine
and turkeys, A/Sw/Ger 2/81, A/Tur/Ger 3/91, and
A/Sw/Ger 8533/91 in Madin-Darby canine kid-
ney cells in a placebo-controlled, double blind
study. A significant improvement of the symp-
toms, including fever, was seen in 93.3% of the
cases in the SAM-treated group within 2 days,
whereas in the control group 91.7% of the patients
showed an improvement within 6 days. Complete
healing was achieved within 2-3 days in nearly
90% of the SAM-treated group and within at least
6 days in the placebo group. Convalescent phase
serum exhibited a higher antibody level to influ-
enza virus in the Sambucol group, than in the
control group. In another randomized, double-
blind, placebo-controlled study, the efficacy and
safety of oral elderberry syrup for treating influ-
enza A and B infections was investigated in 60
influenza patients aged 18-54 years (Zakay-rones
et al. 1995). Elderberry extract appeared to offer
an efficient, safe and cost-effective treatment for
influenza.

The elderberry extract was found to inhibit
Human Influenza A (HIN1) infection in-vitro
with an IC, value of 252 pg/ml (Roschek et al.
2009). The Direct Binding Assay confirmed that
flavonoids from the elderberry extract bound to
HINT1 virions and obstructed the ability of the
viruses to infect host cells. Two compounds were
identified, 5,7,3’,4’-tetra-O-methylquercetin (1)
and  5,7-dihydroxy-4-oxo-2-(3,4,5-trihydroxy-
phenyl)chroman-3-yl-3,4,5-trihydroxycyclo-
hexanecarboxylate (2), as HIN1-bound chemical
species. Compound 1 and dihydromyricetin (3),
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the corresponding 3-hydroxyflavonone of 2, were
synthesized and shown to inhibit HIN1 infection
in-vitro by binding to HIN1 virions, obstructing
host cell entry and/or recognition. Compound 1
gave an IC, of 0.13 pg/mL (0.36 uM) for HIN1
infection inhibition, while dihydromyricetin (3)
gave an IC, of 2.8 pg/ml (8.7 uM). The HIN1
inhibitory activities of the elderberry flavonoids
compared favorably to the known anti-influenza
activities of Oseltamivir (Tamiflu; 0.32 uM) and
Amantadine (27 uM).

Shapira-Nahor et al. (1995) found a significant
reduction in the infectivity of HIV strains (ELI,
LAI HIV IIIb) in CD4+ cell lines (CEM and Molt
4) and human peripheral blood lymphocytes in
the presence of Sambucol, by measuring the level
of HIV core antigen p24 in supernatants of the
infected cultures, as compared with controls with-
out Sambucol. HIV- antigen was not detected 5
and 9 days post infection in cultures infected with
patient isolates which were previously treated
with Sambucol.

Morag et al., (1997) tested Sambucol (SAM)
against four strains of HSV-1 (Herpes simplex
Virus) including two acyclovir-resistant strains in
MS 9 (human diploid fibroblasts) and buffalo
green monkey cells. The replication of HSV-1
strains was completely prevented: (a) by preincu-
bation with SAM before infection of the cells; (b)
when SAM and the virus were added together to
the cells; and (c) when SAM was added 30 min
post viral adsorption on the cells.

A lyophilized infusion from flowers of
Sambucus nigra, aerial parts of Hypericum perfo-
ratum, and roots of Saponaria officinalis (100 g;
70 g; 40 g) exhibited an antiviral effect
(Serkedjieva et al. 1990). It inhibited the repro-
duction of different strains of influenza virus
types A and B, both in-vitro and in-vivo, and her-
pes simplex virus type 1, in-vitro. The prepara-
tion was found to contain flavonoids, triterpene
saponins, phenolic acids, tannins and polysac-
charides which could be responsible for its anti-
viral properties.

A review on complementary medicine for treat-
ing or preventing influenza or influenza-like illness
indicated that 2 or more trials out of 14 random-
ized controlled trials testing 7 preparations includ-

Adoxaceae

ing Sambucus nigra extract showed some
encouraging data (Guo et al. 2007). Another
review of the common cold and influenza viruses,
also highlighted select botanicals including
Sambucus nigra, and nutritional considerations
(vitamins A and C, zinc, high lactoferrin whey
protein, N-acetylcysteine, and DHEA) that may
help in the prevention and treatment of these con-
ditions (Roxas and Jurenka 2007).

Immunomodulatory Activity

In addition to its antiviral properties, Sambucol
Elderberry Extract and its formulations were
found to stimulate the healthy immune system by
increasing inflammatory cytokine production
(Barak et al. 2001). Production of inflammatory
cytokines (interleukin IL-1 beta, IL-6, IL-8,
tumour necrosis alpha TNF-o) were significantly
increased, mostly by the Sambucol Black
Elderberry Extract (2-45 fold), as compared to
LPS, a known monocyte activator (3.6—10.7 fold).
The most notable increase was observed in TNF-o.
production (44.9 fold). In a follow-on study, the
Sambucol preparations increased the production
of five cytokines that included four inflammatory
cytokines (interleukin-1 beta, tumour necrosis
factor alpha, and IL-6 and IL-8) and one anti-
inflammatory cytokine (IL-10) by 1.3-6.2 fold
compared to the control (Barak et al. 2002). The
three Sambucol formulations activated the healthy
immune system by increasing inflammatory and
anti-inflammatory cytokines production.
Sambucol may therefore be beneficial to the
immune system activation and in the inflamma-
tory process in healthy individuals or in patients
with various diseases. Sambucol could also have
an immunoprotective or immunostimulatory
effect when administered to cancer or AIDS
patients, in conjunction with chemotherapeutic
or other treatments.

Antidiabetic Activity

The results of studies by Gray et al. (2000) dem-
onstrated the presence of insulin-releasing and
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insulin-like activity in the traditional antidiabetic
plant, Sambucus nigra. In their study (2 x 2 fac-
torial design), an aqueous extract of elder (AEE,
1 g/L) significantly enhanced 2-deoxy-glucose
transport, glucose oxidation and glycogenesis of
mouse abdominal muscle. In acute 20-minute
tests, 0.25—1 g/L AEE incubated with rat pancre-
atic cells exhibited a dose-dependent stimulatory
effect on insulin secretion. The insulin releasing
effect of AEE (0.5 g/L) was significantly poten-
tiated by 16.7 mmol/L of glucose and signifi-
cantly decreased by 0.5 mmol/L of diazoxide.
Sequential extraction with solvents exhibited
activity in both methanol and water fractions,
indicating a cumulative effect of more than one
extract constituent. Known constituents of elder,
including lectin, rutin and the lipophilic triterpe-
noid (lupeol) and sterol (B-sitosterol), did not
stimulate insulin secretion. In a separate study,
extracts of elderflowers were found to activate
peroxisome  proliferator-activated  receptor
(PPAR) gamma and to stimulate insulin-depen-
dent glucose uptake suggesting that they may
have a potential use in the prevention and/or
treatment of insulin resistance (Christensen et al.
2010). Type 2 diabetes (T2D) is caused by a
combination of insulin resistance and beta-cell
failure and can be treated with insulin sensitizing
drugs that target the nuclear receptor PPAR
gamma. Fractionation of a methanol extract of
elderflowers resulted in the identification of two
well-known PPARgamma agonists; o-linolenic
acid and linolenic acid as well as the flavanone
naringenin. Naringenin was found to activate
PPARgamma without inducing adipocyte differ-
entiation. Elderflower metabolites such as quer-
cetin-3-O-rutinoside, quercetin-3-O-glucoside,
kaempferol-3-O-rutinoside, isorhamnetin-3-O-
rutinoside, isorhamnetin-3-O-glucoside, and
5-O-caffeoylquinic acid failed to activate
PPARgamma. The findings suggested that
flavonoid glycosides could not activate
PPARgamma, whereas some of their aglycones
were potential agonists of PPARgamma.

Recent studies disclosed that the glycosy-
lated hemoglobin levels were much higher in
the diabetic group but were significantly lower
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in the group protected by natural polyphenolic
extracts from common elder fruit (Ciocoiu et al.
2009). The natural polyphenol compounds
decreased the lipids peroxides, neutralized the
lipid peroxil radicals and prevented LDL oxida-
tion. It was found that due to the polyphenolic
protection of the rats from the diabetic group
treated with natural polyphenolic extracts, the
atherogenic risk was maintained at normal lim-
its. In contrast, following the perturbation of
the lipid metabolism in the diabetic rats, athero-
gen risk exhibited significantly elevated values.
The serum activity of glutathione-peroxidase
and superoxide-dismutase had significantly
lower values in the diabetic group as compared
to the group protected by polyphenols. Through
the hypoglycemic, hypolipidemic and antioxi-
dant effects, Sambucus nigra represented a pos-
sible dietary adjunct for the treatment of
diabetes and a potential source for the discov-
ery of new orally active agent(s) for future dia-
betes therapy. Patients with gall-bladder
inflammation that underwent laparoscopy were
found to have higher percentage of specifically
bound insulin-like growth factor binding pro-
tein 3(IGFBP-3) to Sambucus nigra agglutinin
compared with healthy subjects due to the
increased content of sialic acid (Baricevi¢ et al.
2006).

Anti-Inflammatory Activity

The elder flower extract was found to display
useful anti-inflammatory properties that could
be exploited therapeutically for the control of
inflammation in human periodontitis
(Harokopakis et al. 2006). The elder flower
extract was found to potently inhibit all proin-
flammatory activities of major virulence factors
from the periodontal pathogens Porphyromonas
gingivalis and Actinobacillus actinomycetem-
comitans. Investigation of the underlying mech-
anisms revealed that the anti-inflammatory
extract inhibited activation of the nuclear tran-
scription factor kappaB and of phosphatidylinos-
itol 3-kinase.
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Anticancer Activity

In the study to gauge anticarcinogenic potential,
the acetone aqueous extracts of cultivated S. nigra
and wild S. canadensis fruits demonstrated signifi-
cant chemopreventive potential through strong
induction of quinone reductase and inhibition of
cyclooxygenase-2, which was indicative of anti-
initiation and antipromotion properties, respec-
tively (Thole et al. 2006). In addition to flavonoids,
the presence of more lipophilic compounds such
as sesquiterpenes, iridoid monoterpene glycosides,
and phytosterols were confirmed.

A study on linkage-specific sialylation changes
in oral carcinogenesis showed that linkage-specific
lectins, Sambucus nigra (SNA) and Maackia amu-
rensis (MAM) were able to detect o0 2—-6- and o
2-3-linked sialic acid, which were used to ana-
lyze linkage-specific sialyltransferases activity
(TSA) and sialoproteins in oral carcinogenesis
(Shah et al. 2008). Malignant tissues exhibited sig-
nificantly higher concentrations of TSA, reactivity
of SNA and MAM, and o 2,3-ST activity com-
pared to the adjacent normal tissues. The data
suggested potential utility of sialylation markers in
early detection, prognostication and treatment
monitoring of oral cancer. Colonic mucin sialyla-
tion in ulcerative colitis of Asians was found to be
different from Europeans in that there was less
binding of Sambucus nigra agglutinins (McMahon
et al. 1997). This might have a role in lower col-
orectal carcinoma rates in Asians. In human colon
carcinoma, elevated amounts of sialic acids were
found that correlated with tumour progression.
Murayama et al. (1997) found that colon carcinoma
glycoproteins carrying o 2,6-linked sialic acid
reactive with Sambucus nigra agglutinin (SNA)
were not constitutively manifested in normal
human colon mucosa and were different from sia-
lyl-Tn antigen. The data suggested that SNA bind-
ing in human colon carcinoma was due to de novo
expression of a specific sialic acid present on
selected glycoproteins. Data from studies indicated
that the expression of a 2,6-sialylated sugar chains
was appreciably elevated in the majority of colon
cancer specimens examined (Dall’Olio and Trere
1993). SNA (S. nigra agglutinin) was unreactive
with epithelial cells of all the 13 normal colon
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specimens, weakly reactive with 3 out of 8 benign
lesions and strongly reactive for 23 out of 26 carci-
nomas. The quantitative binding pattern determina-
tion of Sambucus nigra agglutinins could be used
to in routine diagnosis to identify moderate/severe
dysplasia in colorectal adenomas (Bronckart et al.
1999).

The expressive levels of galectin-3(gal-3) and
Sambucus nigra agglutinin (SNA) were found to
have clinicopathological significance in the diag-
nosis of benign and malignant lesions of stomach
(Zhou et al. 2009). The positive rates of gal-3 and
SNA were significantly higher in gastric cancer tis-
sues than those in peritumoral tissues and different
types of benign lesions. The positive cases of gal-3
and/or SNA in peritumoral tissues and benign
lesions exhibited mild- to severe-atypical hyperpla-
sia of mucous epithelial cells. The positive rates of
gal-3 and SNA were higher in lymphnode meta-
static site N1. The results revealed that expressive
levels of gal-3 and SNA may be important molecu-
lar markers of lectins for studying carcinogenesis,
progression and biological behaviors in gastric
cancer. Similar studies showed that the expressive
level of gal-3 and SNA lectins might have clini-
copathological significance on the carcinogenesis,
progression and biologic behaviors of breast cancer
(Chen et al. 2010). The positive rates and scoring
means of gal-3 and SNA were significantly greater
in breast cancer than those in benign lesions.

Sambucus species were found contain a num-
ber of two-chain ribosome inactivating proteins
(RIPs) structurally and enzymatically related to
ricin from Ricinus communis, and to have an
enzymatic activity on ribosomes, leading to the
inhibition of protein synthesis, higher than ricin,
but lacked the tremendous non-specific toxicity
of ricin (Girbes et al. 2003). Therefore, they were
designated as non-toxic type 2 RIPs. The most
representative and studied members were nigrin
b present in the bark of the common (black) elder
Sambucus nigra and ebulin 1 present in the leaves
of the dwarf elder Sambucus ebulus. Conjugation
of nigrin b or ebulin 1 to either transferrin or
monoclonal antibodies provided highly active
conjugates targeting cancer. Thus, these non-
toxic type 2 RIPs could be promising tools for
cancer therapy.
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Protein Synthesis Inhibition

Sambucus nigra seed proteins were found to
strongly inhibit protein synthesis and to display
28 S rRNA N-glycosidase activity characteristic
of all types of ribosome-inactivating proteins
(RIPs) (Citores et al. 1994). Western blot analysis
showed several proteins that reacted with anti-
bodies raised against the novel non-toxic type 2
ribosome-inactivating protein nigrin b isolated
from elder bark, thus indicating the presence of a
new type-2 RIP.

A strongly basic, two-chain ribosome-inacti-
vating protein (RIP) named basic nigrin b, was
found in the bark of Sambucus nigra (de Benito
et al. 1997). The new protein did not agglutinate
red blood cells, even at high concentrations and
displayed an unusually and extremely high
activity towards animal ribosomes (IC,  of
18 pg/ml for translation by rabbit reticulocyte
lysates).

Detailed studies demonstrated that virtually
all tissues of the elderberry tree contained multi-
ple type-2 RIPs/lectins. Ribosome-inactivating
proteins (RIPs) are a family of enzymes that
trigger the catalytic inactivation of ribosomes.
All elderberry type-2 RIPs/lectins could be clas-
sified into four groups (Chen et al. 2002). A first
group comprised the tetrameric NeuSAc(a2,6)
Gal/GalNAc-specific type-2 RIPs similar to the
bark type-2 RIP SNA-I (Van Damme et al.
1996b). The NeuAc(alpha-2,6)Gal/GalNAc bind-
ing lectin from elderberry bark (SNAI) was found
to strongly inhibit cell-free protein synthesis in a
rabbit reticulocyte lysate and to be a type-2
ribosome-inactivating protein. However, SNAI
differed from all previously described type-2
ribosome-inactivating proteins by its specificity
towards NeuAc(alpha-2,6)Gal/GalNAc and its
unusual molecular structure. Dimeric galactose-
specific type-2 RIP resembling SNA-V from the
bark (Van Damme et al. 1996a) formed a second
group, whereas the third group comprised the
monomeric type-2 RIPs with 2an inactive
B-chain, similar to SNLRP from the bark (Van
Damme et al. 1997a). The occurrence of a type 2
ribosome-inactivating protein with an inactive B
chain. A fourth group comprising the Gal/
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GalNAc-specific lectins similar to SNA-IVf and
related to the dimeric galactosespecific type-2
RIPs, but are not RIPs because they are encoded
by genes from which the complete A-chain is
deleted (Van Damme et al. 1997¢). Type-2 RIPs
were found to compose of two structurally and
functionally different polypeptides, called the A
chain and the B chain. The A chain depurinated
rRNA by means of an N-glycosidase activity and
was a potent inhibitor of eukaryotic (and some-
times prokaryotic) protein synthesis at the ribo-
somal level. The B chain was -catalytically
inactive but exhibited a carbohydrate-binding
activity comparable to that of lectins.

Sambucus nigra agglutinin 1 (SNA-I) was
originally isolated from elderberry bark where it
represented about5% of the total soluble protein
(Broekaert et al. 1984). The lectin was found to
be a glycoprotein especially rich in asparagine/
aspartic acid, glutamine/glutamic acid, valine
and leucine. A second lectin (SNA-II) was iso-
lated from elderberry (Sambucus nigra L.) bark
(Kaku et al. 1990). This lectin was found to be a
blood group nonspecific glycoprotein containing
7.8% carbohydrate and rich in asparagine/aspar-
tic acid, glutamine/glutamic acid, glycine, valine,
and leucine. The lectin’s binding site appeared to
be most complementary to GalNAc linked a to
the C-2, C-3, or C-6 hydroxyl group of galac-
tose. These disaccharide units were approxi-
mately 100 times more potent than melibiose, 60
times more potent than N-acetyllactosamine, and
30 times more potent than lactose. Interestingly,
the blood group A-active trisaccharide contain-
ing an L-fucosyl group linked a.1-2 to galactose
was ten-fold poorer as an inhibitor than the par-
ent oligosaccharide (GalNAco1-3Gal), suggest-
ing steric hindrance to binding by the a.-L-fucosyl
group and the failure of the lectin to exhibit
blood group A specificity. A third elderberry
(Sambucus nigra) lectin (SNA-III) was isolated
from dry seeds (Peumans et al. 1991) This lectin
was found to be a blood-group, nonspecific gly-
coprotein containing 21% of carbohydrate, and
rich in asparagine (or aspartic acid), serine, glu-
tamine (or glutamic acid), and glycine. A com-
parison of SNA-III to the previously described
elderberry-bark lectins, SNA-I and SNA-II, indi-
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cated that the seed lectin was markedly different
from them. A second NeuAc(alpha2,6)Gal/
GalNAc binding type 2 ribosome-inactivating
protein (RIP), called SNAI’ was isolated from
elderberry bark (Barre et al. 1997; Van Damme
et al. 1997b). SNATI’, a minor bark protein was
found to closely resemble the previously
described major Neu5Ac(alpha2,6)Gal/GalNAc
binding type 2 RIP called SNAI with respect to
its carbohydrate-binding specificity and ribo-
some-inactivating activity but had a dissimilar
molecular structure.

A previously unknown haemagglutinin, named
Sambucus nigra agglutinin-III (SNAIII), was
purified from the fruit of the elder (Sambucus
nigra) (Mach et al. 1991). SNA-III displayed a
high affinity for oligosaccharides containing
exposed Nacetylgalactosamine and galactose
residues whereas elder bark agglutinin I (SNA-
I) was highly specific for terminal alpha 2,6-linked
sialic acid residues. Different N-terminal
sequences and the amino acid composition distin-
guished the fruit lectin from elder bark agglutinin
IT (SNA-II), which exhibited a similar carbohy-
drate specificity.

A very similar lectin called Sambucus nigra
fruit specific agglutinin I (SNA-If) was identified
as a minor protein in ripe elderberry fruits
(Peumans et al. 1998). Bioassays further showed
that the transgenic plants were as sensitive as con-
trol plants towards infection with tobacco mosaic
virus (TMV), indicating that SNA-If did not act as
an antiviral protein in plants (Chen et al. 2002).
The RIPs/lectins are believed to play a role in the
plant’s defence against bacterial, fungal or insect
attack. Plant lectins have been widely used for the
detection, isolation, and characterization of gly-
coconjugates using their characteristic carbohy-
drate binding properties and has importance in
biological phenomena.

Purified SNA lectin from elderberry bark
was found to precipitate highly sialylated gly-
coproteins such as fetuin, orosomucoid, and
ovine submaxillary mucin (Shibuya et al.
1987b). Colon cancer tissues was found to dis-
play an increased activity of beta-galactoside
alpha2,6 sialyltransferase (ST6Gal.I) and an
increased reactivity with the lectin from
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Sambucus nigra (SNA), specific for alpha2,6-
sialyl-linkages (Dall’Olio et al. 2000).

The Sambucus nigra type-2 ribosome-inacti-
vating protein SNA-I" was found to exhibit in
plants an antiviral activity in transgenic tobacco
(Chen et al. 2002b). Expression of SNA-I’ under
the control of the 35 S cauliflower mosaic virus
promoter enhanced the plant’s resistance against
infection with tobacco mosaic virus. Although
the type-2 ribosome-inactivating proteins (SNA-
I, SNA-V, SNLRP) from Sambucus nigra were
all devoid of rRNA N-glycosylase activity
towards plant ribosomes, some of them vividly
showed polynucleotide-adenosine glycosylase
activity towards tobacco mosaic virus RNA
(Vandenbussche et al. 2004). This particular sub-
strate specificity was exploited to further unravel
the mechanism underlying the in planta antiviral
activity of ribosome-inactivating proteins. This
lectin was shown by immunochemical techniques
to bind specifically to terminal Neu5Ac
(a2-6)Gal/GalNAc residues of glycoconjugates
(Shibuya et al. 1987a, b).

Recently, a major lectin called called
SNAflu-I was found in whole inflorescence of
Sambucus nigra and was GalNAc specific
(Karpova et al. 2007). Two other lectins were
found in the pollen. A major positively charged
lectin called SNApol-I was Glc/Man specific,
while the other pollen component (SNApol-II)
was Gal specific. Only SNApol-I demon-
strated the antagonistic activity against the
phenazine inhibitors on Bacillus subtilis cells
in-vivo. This lectin but not the SNAflu-I also
inhibited transcription in-vitro.

Weight Reduction Activity

A supplement with Sambucus nigra and
Asparagus officinalis was found to be good for
weight reduction (Chrubasik et al. 2008). Eighty
participants completed a diet regime of Sambucus
nigra berry juice enriched with flower extract and
tablets of berry powder containing a total of 1 mg
anthocyanins, 370 mg flavonol glycosides and
150 mg hydroxycinnamates per day; the
Asparagus officinalis powder tablets provided
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19 mg saponins per day. After the diet, the mean
weight, blood pressure, physical and emotional
well-being and the quality of life were signifi-
cantly improved.

Traditional Medicinal Uses

Sambucus nigra has a very long history of house-
hold use as a medicinal herb and is also much
used by herbalists. The flowers, fruits, leaves,
bark and roots of S. nigra are used for a diverse
variety of ailments. Although S. nigra is not gen-
erally considered poisonous, isolated cases of poi-
soning in animals and man have been reported
after eating the bark, leaves, berries, roots and
stems (Atkinson and Atkinson 2002).

The flowers are the main part used in modern
herbalism. The fresh flowers are employed in the
distillation of ‘Elder Flower Water’. The water is
mildly astringent and a gentle stimulant. It is
mainly used as a vehicle for eye and skin lotions.
The dried flowers are diaphoretic, diuretic,
expectorant, galactogogue and pectoral. An infu-
sion is used for the treatment of chest complaints
and as a wash for inflamed eyes. The flower infu-
sion is regarded as tonic and blood cleanser. Tea
from the flowers is used against cold, high tem-
perature and scarlatina. Externally, the flowers
are used in poultices to ease pain and alleviate
inflammation; used as an ointment, it treats chil-
blains, burns, wounds, scalds.

The fruit is deemed to be depurative, weakly
diaphoretic and gently laxative A tea made from
the dried berries is believed to be effective for
colic and diarrhoea. The leaves are purgative,
diaphoretic, diuretic, expectorant and haemo-
static. The juice is claimed to be a good remedy
for inflamed eyes. An ointment made from the
leaves is emollient and is used in the treatment of
bruises, sprains, chilblains, wounds.

The inner bark is diuretic, purgative and emetic.
It is used in the treatment of constipation and
arthritic conditions. An emollient ointment is pre-
pared from the green inner bark. A homeopathic
remedy is made from the fresh inner bark of young
branches. It relieves asthmatic symptoms and spu-
rious croup in children. The pith of young stems is
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used in treating burns and scalds. The root is
emetic and purgative and is effective against
dropsy but is no longer used in herbal medicine.

Other Uses

Extracts from S. nigra are used in horticulture as
a repellent against insects. Its shoots are put into
the soil to scare off mice and moles. S. nigra has
also been planted for erosion control.

It is not valued as a timber due to it small
dimensions, but the wood is suitable for making
pegs and other small wooden items because of its
whiteness, close grain, good cutting and polish-
ing properties. The pith from 1-year-old branches
is used for making plant sections in microscopy.

Comments

Several closely related species native to Asia and
North America have been subsumed as subspe-
cies under Sambucus nigra.
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Scientific Name

Anacardium occidentale L innaeus

Synonyms

Acajuba occidentalis (L.) Gaertner, Anacardium
amilcarianum Machado, Anacardium curatelli-
folium A. St. Hilaire, Anacardium kuhlman-
nianum Machado, Anacardium microcarpum
Ducke, Anacardium occidentale Linnaeus var.
americanum de Candolle, Anacardium mediter-
raneum Vellozo, Anacardium occidentale
Linnaeus var. indicumde Candolle, Anacardium
occidentale Linnaeus var. gardneri Engler,
Anacardium occidentale Linnaeus var. longifo-
lium Presl, Anacardium othonianum Rizzini,

Vernacular Names

Angola: Cajueiro (Portuguese);

Arabic: Habb Al-Biladhir;

Belize: Cashew;

Benin: Yovotchan (Adja), Youbourou Somba,
Yibo Somba (Bariba), Akaju, Casu, Kandju,
Kadjoutin, Lakazu (Fon), Anacardier, Pomme
Acajou (French), Darkassou, Kandju (Goum),
Akaju (Mina), Ekadjou (Nagot), Yorubaakadiya
(Yom), Kadjou, Kandju (Yoruba);

Bosnhian: Beli Mahagoni, Indijanski Ka$u-Orah,
Pipak;

Bolivia: Marafién;

Brazl: Acajaiba, Acajou, Acajé (Tupi Indians),
Rabuno-Eté (Carajd Indians), Caji, Caju,
Amarelo, Cajd Banana, Caji Da Praia, Caji Do
Campo, Caju Manga, Caji Vermelho, Cajueiro,

Anacardium rondonianum Machado, Cajueiro Azedo, Cajueiro Doce, Cajuhy, Cajuhy
Anacardium subcordatum Presl, Cassuvium Azedo, Cajuhy Doce, Oa-Caju (Portuguese);
pomiferum Lamarck, Cassuvium reniforme Brazzaville: Pomme Cajou (French);
Blanco Burmese: Sihosayesi, Thayet Si, Thiho, Thiho-
Thayet, Tihotiya-Si;
Chamorro: Casue, Kasoe, Kasoy;
Family Chinese: Yao Guo, Yao Guo Li, Guo Li, Yao Guo
Shu;
Anacardiaceae Columbia: Marafién, Merey;
Comoros: Pomme Cajou (French), Mani Ya
Mbibo (Great Comoros, Anjouan Island), Mbotza
Common/English Names (Mohéli Island);
Cook | slands: Aratita Popaa, Katt (Maori);
Cashew, Cashew nut, Kidney-nut Costa Rica: Marafién;
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Croatian: Beli Mahagoni, Indijanski Ka§u-Orah,
Pipak, Pipci;

Cuba: Cajuil, Marafién;

Czech: Ledvinovnik Zédpadni;

Danish:  Acajoungd, Cashew, Akajoutre,
Akajutre;

Domincan Republic: Cajuil;

Dutch: Acajoeboom, Apennotenboom,

Cashewnoot, Cashewsoort, Kasjoe, Kasjoeboom,
Nierenboom, Westindische;

East Africa: Korosho (Kiswahili);

Finnish: Cashew-Paehkinae;

French: Acajou A Pommes, Cajou, Noix-Cajou,
Pomme D’acajou; Noix D’acajou, Noix De Cajou;
Acajou, Anacadier, Anacarde, Anacardes, Noix
D’ Cajou, Pomme Acajou, Pomme D’ Cajou,
Pommier Cajou;

French Guiana: Acajou, Acajou A Pomme,
Anacadier, Cassoun;

German: Acajubaum, Akajoubaum, Cachunuss-
Baum, Elefantenlaus-Baum, Kaschubaum,
Kaschunuf3, Kaschunuss, Kaschunu3baum,
Nierenbaum, Westindische Elefantenlaus;
Ghana: Antirinya (Dagomba);

Greek: Anakardia, Kasious;

Guatemala: Jocote Marafidn;

Guyana: Cashew, Cashew Nut, Merche, Merehi;
Wak-Roik-Yik, You-Ro-Yik, Youw-Rouii-Yik
(Patamona),

Honduras: Jocote Marafién;

Hungarian: Akazsu, Kesu(Fa);

India: Kajubadam (Assamese), Hijli Badam,
Hijuli, Kaju (Bengali), Kaju (Gujarati), Duk,
Hijli-Badam Kaajuu, Kaju, Kaju-Ki-Gutli,
Kajubadam, Khajoor (Hindi), Gaeru, Gaeru
Beeja, Gaeru Kaayi, Gaeru Pappu, Gaerumara,
Gerapoppu, Gerbija, Gerligai, Geru, Geru Pappu,
Gerubija, Gerumara, Gerupoppu, Godambe,
Godambi, Godambi Mara, Godambimara,
Godambee, Godamber, Godami, Gokuda,
Gonkuda, Gori, Govamba, Gove, Govambe,
Gove Gaeru, Gove Hannu, Kempu Gaeru,
Kempugeru, Kempukerubija, Kerubija, Mandiri
Pappu, Tarukageru, Thuruka Geru, Turakageru,
Turukagerujidi (Kannada), Kapa-Mava,
Kapamava, Kappa-Mavakuru, Kappa-Mavu,
Kappal-Cheru-Kuru, Kappamavu, Kappalcher,
Kappaimavu, Kappalmavu, Kappalsera,

Anacardiaceae

Kappamavakum, Karmavu, Kashukavu,
Kashumavu, Kasumavu, Parangimavu,
Parankimava, Parankimavu, Parangi Mavu,
Paringi Maavu, Paringimavu, Patirimavu,
Portugimavu, Portukimavu, Pritikannavu
(Malayalam), Bi, Kaju, Kajucha, Kajoo,

Kaajoocha (Marathi), Kaju (Manipuri),