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Abstract A dry matter (DM) assay along with a
qualitative and quantitative carbohydrate study were
conducted on two Jerusalem artichoke (Helianthus
tuberosus L.) cultivars—'Kharkov' and 'Violet de
Rennes'. In addition to sucrose, glucose, and
fructose, some inulin-type glucofructosans were
detected at all stages of development of the tubers.
The carbohydrate content was found to average
from 65 to 80% DM. The tubers lose a fraction of
their carbohydrates in winter—27.6% for'Kharkov'
and 35.6% for 'Violet de Rennes'.

Resume Un dosage de matiere seche (MS) ainsi
qu'une etude qualitative et quantitative de glucides
ont ete effectues sui deux cultivars de Topinambour
(Helianthus tuberosus L.), 'Kharkov' et 'Violet de
Rennes'. En plus du saccharose, glucose et fructose,
des glucofructosanes ont ete detectees pendant les
differents stades du developpement des tubercules
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de Topinambour. Les glucides representent 65 a
80% MS. Les tubercules perdent une fraction de
leurs glucides en hiver, 27.6% pour le 'Kharkov' et
35.6% pour le 'Violet de Rennes'.
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INTRODUCTION

The market for sweeteners is currently showing a
significant expansion. Fructose, because of its good
standing as a natural foodstuff, is strongly favoured
on this market. Endowed with a sweetening power
which is 1.5 times higher than that of sucrose,
fructose has the added advantage of being obtained
from renewable raw materials that are largely
available.

The Jerusalem artichoke (Helianthus tuberosus
L.) constitutes one the most interesting potential
sources of fructose. It generates interest through its
high glucide content primarily as inulin, its
productivity, and the possibilities for its cultivation
on marginal land. The inulin which comprises its
main carbohydrate reserve is a glucofructosan, with
a number of fructose units connected through
glucosidic links 6-(2—1) and ending with a non-
reducing sucrose (Roggen 1976). These fructosans
are located in the vacuole (Edeleman & Jefford
1968), are readily available to the plant, and con-
sequently play an important physiological role in
the metabolism of the Jerusalem artichoke (Barloy
& Lemercier 1988). Fructosan synthesis is carried
out under the action of two enzymes (Singh &
Bathia 1971; Satyanarayana 1976). A sucrose-
sucrose 1 fructosyl-transferase(SST)andaB-(2-l)
fructan fructosyl-transferase (FFT) are involved in
the synthesis of fructosans with a polymerisation
level over 3. This synthesis has been demonstrated
by an input of radioactive sucrose (Collins &
Chandorkar 1973).
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The aim of the present study is to determine the
quality and, most particularly, the quantity of various
reserve carbohydrates during the various stages of
the plant cycle of the Jerusalem artichoke.

MATERIALS AND METHODS

Plant material
For this study we used two late cultivars ('Kharkov'
and 'Violet de Rennes') of the Jerusalem artichoke
{Helianthus tuberosus L.), cultivated in Limoges,
France (Table 1). 'VioletdeRennes',bredbyINRA,
has a purple-coloured regular and pyriform-shaped
tuber, and matures in mid November. 'Kharkov',
bred in the USSR, has a white-coloured not very
regular and spherical-shaped tuber, and matures in
mid November.

Late cultivars of Jerusalem artichoke, such as
'Kharkov' and 'Violet de Rennes', show the
following growth characteristics. The growth cycle
takes 26-28 weeks, between mid April and mid
November. Tubers are planted in mid April, shoots
emerge in mid May, tuber formation takes place
over 14-16 weeks between mid July and mid
November, flowering is in late September, the plants
die down, and tubers mature during mid November.
Tubers are harvested in winter.

Every week, three plants of each cultivar were
harvested and the tubers were weighed, washed,
dried, and counted, then 5-6 covering the range of
sizes were taken and grated for the purpose of
determining carbohydrates and dry matter (DM).

Carbohydrate analysis
Extraction of carbohydrates

The extraction of carbohydrates was made from
grated tuber. We used ethanolic solution at 90% for

Table 1 Characteristics of the experimental field.

Altitude
Exposure
Experimental area
Soil

pH
CaO provided
P2O5 provided
K2O provided
Nitrogenous manuring
Farmyard manure
Density

300 m
South
0.5 ha
Stems from crystalline
rocks (granite)

6.2 (6.05-6.5)
330 kg/ha

80 kg/ha
240 kg/ha
70 U/ha

45-50 t/ha
33 000 plants/ha

extraction of simple carbohydrates and
polyfructosans with a polymerisation level of < 8,
and ethanolic solution at 50% for oligofructosans
with a polymerisation level of > 8 (Grotelueschen
& Smith 1968).

Amounts of reducing carbohydrate

Reducing carbohydrate was determined by the
Somogyi (1952) and Nelson method (1944), using
optical density at 550 nm, to a standard curve
established under the same conditions with a solution
of fructose at 0.6 g/litre or of glucose at 0.6 g/litre.

Amount of total carbohydrates

Total carbohydrates was determined by the anthrone
method (Sattler 1948) using colorimetry at 620 nm.

Carbohydrate determination by high
performance liquid chromatography (HPLC)

Carbohydrates were determined with the use of a
LKB high pressure liquid chromatograph. The
column (cationic ion exchange, type Waters sugar
Q155 CA) was operated at 85°C. Calcium acetate in
water (100 mg/litre) was used as solvent. Sugars
were detected and assayed by a refractive index
detector.

Carbohydrate separation by silica gel thin layer
chromatography (TLC)

Separation of oligofructosans and simple
carbohydrates was effected on a thin silica gel layer
(20 x 20 cm, 0.2 mm thickness) using lactic
isopropanol-aceton-acidlM(4:4:2) prepared at least
1 h before use. Spot detection was carried out in two
stages first using thiobarbituric acid, which is specific
for ketoses, and then naphthoresorcinol which
reveals the other glucides through their contrasted
red-crimson coloration (Hansen 1974; Fiala &
Jolivet 1980).

Amount of glucose and fructose
Extraction of tissue

Ten g grated tuber was made to 50 ml with distilled
water and then heated in a double boiler at 90°C for
lh .

Estimation of glucose and fructose
A portion of the filtered aqueous extract (25 ml),
representing 0.2 g tissue/ml liquid, was taken for
hydrolysis of fructan and sucrose to constituent
hexoses. Then 2.5 ml 1 /VH2SO4 was added to 25 ml


