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A high content (60–65% of dry mass DM) of water soluble carbohydrates was found in early harvested
varieties (Bella and Bianka) and middle early varieties (Topstar and Gigant) harvested 22–25 weeks
after plantation. In late varieties (Waldspindel, Violet de Rennes, Rote Zonenkugel) a similar amount
was obtained (55–60% of DM) when harvested 29–33 weeks after planting. There was a distinctive
impact on maturing process as well as frost period alterations which resulted in conversion of high
polymer inulin to low polymer inulin as well as to sucrose. In early / middle early varieties a correlation
between sucrose and inulin level (r ) - 0.952**) with a linear regression of y ) - 1.35x + 62.32
was observed, whereas the dpn of inulin decreased from 12–14 to 6–8. In late cultivars this correlation
was not as exact (r ) - 0.502**); dpn of inulin decreased from 12–16 to 7–10. This knowledge about
carbohydrate profiles for different varieties of Jerusalem artichoke offers the possibility of selecting
suitable cultivars and deciding the appropriate harvest time for an optimum processing of tubers for
their application as prebiotic and novel food component.
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INTRODUCTION

Fructans, which are present as storage carbohydrates in a lot
of plants, are applied in human nutrition as part of the daily
diet in the form of vegetables, spices, and fruits (e.g., globe
artichoke, jerusalem artichoke, chicory, asparagus, garlic, onion,
chives, cereals, banana) (1, 2). Owing to their health promoting
properties, the interest in fructans particularly fructooligosac-
charides (FOS) and inulin as a supplement in functional food
is increasing. Fructans such as FOS and inulin are highly
beneficial in enhancing the quantity of bifidogenic bacteria as
well as modulating the benevolent microflora of the human
colon. Therefore they are considered as prebiotics (3, 4). Gibson
et al. (5) found that the substitution of sugar by FOS or inulin
(15 g/day) can lead to a significant change in the balance of
microbiota in the large intestine (bifidogenic effect). Moreover
FOS and inulin have a beneficial effect on human lipid
metabolism (6). Consequently risk factors for cardiovascular
disease can be reduced. Furthermore a decrease in risk factors
responsible for osteoporosis and colon cancer has been observed

after intake of FOS and inulin rich diet (7). Fructosyl units of
FOS and inulin have a metabolic caloric value of 1.1–1.7 kcal/g
only, thus qualifying fructans as dietary supplements for the
fight against obesity (8).

The difference between FOS (low molecular weight inulin
) inulooligosaccharides) and inulin concerning the healthy
effects on the human body is not significant; the higher solubility
of FOS compared to polymeric inulin (dp> 10-12) makes it
more easily available and therefore more rapidly fermentable
by the microbiota in the colon (9).

Because of its health promoting properties, FOS and inulin
are used as functional food components throughout the
world (4, 10, 11). Because of the better solubility of FOS these
are applied mainly in beverages or calorie reduced food
supplements, whereas inulin with its tendency to crystallinity
owing to its helical structure is more applicable as fat replacer
for instance. Presently, the plant raw material for the production
of inulin and FOS are roots of chicory. Only a small segment
of the inulin market is covered by the production of nonreducing
FOS from tubers of Jerusalem artichoke (12).

The high content of inulin and a peculiarly high per hectare
yield of tubers allow Jerusalem artichoke to be designated as
fructan crop with a bright future (13, 14). Semiarid areas with
their typical climatic conditions (different seasons with cold
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winters) are suitable for producing tubers having a high inulin
content when harvested in fall. The plant is rich in FOS (3 e
dpn e 10) when harvesting is done during spring time (15–17).

Tubers of Jerusalem artichoke with their fresh and nutty taste
can be applied as raw material for making chips or as powder
after drying processes. Jerusalem artichoke powder (JAP) can
be added to bread, bakery and other food products (18).
Alternatively, the tubers can be processed to form juice
providing a base for low calorie soft drinks (17). For drying
processes as well as for juice production browning reactions
caused by phenoloxidases activity or Maillard reaction have to
be reduced.

Utilization of the whole tubers and making the crop inde-
pendent from seasonal aspects would further enhance the market
potential for Jerusalem artichoke.

To maintain enzymatic activities and carbohydrate profile as
well as to avoid the damage of tubers by stress (19, 20) during
storage time the tubers must be carefully dried or lyophilized
for conservation before processing.

Detailed information about the composition of soluble
carbohydrates viz. glucose, fructose, sucrose, FOS, and inulin
in tubers of different varieties at optimal harvest time allows to
make a correct decision for applications in food products.
Therefore, in the present work, it was envisaged to perform a
detailed investigation about the composition of soluble carbo-
hydrates, protein content, and peroxidase activity in early,
middle early, and late varieties at different harvest terms.

Cultivation conditions as well as results from yields of shoot
and tubers, dry matter, mean tuber weight, and influence of
irrigation on the yields are presented in parts 1 and 2 (21, 22).

MATERIALS AND METHODS

Materials. Two early varieties of Jerusalem artichoke (Bella,
Bianka), two middle early (Topstar, Gigant), and three late varieties
(Violet de Rennes, Waldspindel, and Rote Zonenkugel- Rozo) were
grown and harvested at different terms on the Experimental Station of
our University, Gro�-Enzersdorf, Vienna (longitude 16° 57′ east,
latitude 48° 12′ north), Austria, 1999. Details about agricultural and
climatic conditions as well as plant development data have been reported
recently (21, 22). After harvesting (10 plants of each variety), the tubers
were washed, counted, weighed, and finally a representative part of
tubers was sliced and freeze-dried. The milled freeze-dried powders
were used for further analysis.

Analysis of Water Soluble Carbohydrates. Dry matter was
determined by drying thoroughly weighed milled freeze-dried samples
for 18 h at 105 °C and specifying the weight loss.

Extraction of soluble carbohydrates: 200 mg of freeze-dried powder
of Jerusalem artichoke tuber was mixed with 20 mL distilled water in
a 25 mL flask and extracted for 60 min at 80 °C on a water bath. After
making the volume up to 25 mL with distilled water, a part of the
supernatant was centrifuged at 13000 rpm for 10 min (Biofuge in 1.5
mL vials).

Free glucose, fructose, and sucrose were determined in the clear
solution by enzymatic assay (Boehringer-Mannheim; test kit no. 716
260).

For the determination of fructan (inulin) content, the samples were
chemically hydrolysed with acid. In brief, 200 µL of clear extract was
mixed with 800 µL of 3% w/w HCl in screwable tubes and heated in
an aluminum block at 80 °C for 3 h. After cooling, 200 µL of the
hydrolysed samples were mixed with 800 µL of 2% w/w NaHCO3 for
neutralization. From this solution the total content of glucose and
fructose was determined by enzymatic assay (Boehringer-Mannheim;
testkit no. 716 269).

The content and the number average degree of polymerisation (dpn)
of fructan (inulin) was calculated in the following way:

g Fructan ) (gFrucorr + gGlucorr) fA

fA: 0,9 (correction factor of glu to anhydro-glu)
g Frucorr ) gFrutotal – (gFru + g Suc/2)
g Glucorr ) gGlutotal – (gGlu + gSuc/2)
dpn ) (gFrucorr + gGlucorr)/gGlucorr

This calculation is only valid when it is assumed that each fructan
molecule contains only one glucose unit.

Analysis of Total Protein (Dumas Method). The content of
nitrogen in freeze-dried powder of Jerusalem artichoke was determined
with the help of a fully automated Analyser CN-2000 from LECO (Leco
Instruments GmbH, D- 85551 Kirchheim). Exactly 0.6 g samples were
weighed into sliding ceramic shuttles and brought into the combustor
by means of an autoloader. After combustion, the amount of resulting
nitrogen was calculated automatically by means of computer aided
software. Investigation for all the samples was repeated three times.
The nitrogen content was multiplied with 6.25 to estimate the crude
protein content.

Analysis of Water-Soluble Protein (Bradford Method). Soluble
protein content was determined by the ability of Coomassie pigments
(Brilliant Blue G-250) to bind proteins (23).

Analysis of Peroxidase Activity (Pod). For the determination of
peroxidase activity the method of Sigma (24) was applied. In this case,
one unit of peroxidase is defined as the amount of enzyme that converts
1 mg pyrogallol to purpurogallin at 20 °C in 20 s.

The specific activity (units/mg soluble protein) of peroxidase was
obtained by dividing the units of peroxidase activity by the amount of
total soluble protein in the sample.

Statistical Analysis. Statistical analysis of the obtained data was
carried out by variance analysis (ANOVA). When significant differences
(p < 0.05) were found between the data means during the harvest time
the results were compared by Tukey’s-test. First results were calculated
with Pearson correlation coefficient. All statistical analysis was
performed using SPSS software package version 10.07.

RESULTS AND DISCUSSION

Nearly 65 different varieties of Jerusalem artichoke are
available in Austria for utilization in food and feed products.
From this collection, two early (Bella, Bianka), two middle early
(Topstar, Gigant), and three middle late or late (Violet de
Rennes, Waldspindel and Rozo) varieties predefined by the date
of flowering and tuber maturity were chosen. Detailed informa-
tion about yields of green biomass and tubers per ha, status of
tubers (weight and dry matter) and yield of inulin/ha at different
harvest terms and weather conditions (temperature sum) as well
as different irrigation conditions are reported in parts 1 and
2 (21, 22).

The highest yield for tubers of early varieties was found to
be at the end of September with 17.5 t/ha of DM and in
continuation a similar level of yield for middle late and late
varieties was obtained at the end of November. Furthermore,
the knowledge of the profiles of soluble carbohydrates, in
particular inulin, sucrose, and monosaccharides in the tubers is
especially important for the utilization of Jerusalem artichoke
as source for inulin and FOS and for the application of tubers
as a whole in reduced calorie and health promoting products.
The determination of soluble carbohydrate profiles in the tubers
was carried out simultaneously along with the determination
of agricultural parameters at the chosen harvest terms during
the vegetation period of Jerusalem artichoke varieties.

Total Content of Soluble Carbohydrates. During the period
of high photosynthetic activity between 12 and 22 weeks after
planting (summer and early fall) the transport of carbohydrates
from leaves and stalks to the tubers takes place immediately,
thus stimulating the germination of new sprouts and tubers (15).
Therefore, the total content of soluble carbohydrates in the
developing tubers is generally high but their variation is mainly
based on the genetic predisposition of the different varieties.
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In the early varieties, Bella and Bianka, the maximum level of
total soluble carbohydrates, which was 55.2% and 68.6% of
DM was found in the small unripe tubers 14 to 17 weeks old.
After 22 weeks of plantation the highest yield per ha (19.5 t/ha
of DM) was obtained. The content of carbohydrates in mature
Bella was similar as in unripe tubers, whereas the carbohydrate
content in mature Bianka was 62.3% being slightly reduced.
Similar content of soluble carbohydrates between 60 and 65%
of DM during the riping process of tubers was found in the
middle early varieties, Topstar and Gigant, 14 to 25 weeks after
planting. The mature tubers contained 62.1% (Topstar) and
62.8% (Gigant) total soluble carbohydrates at the optimal harvest
term, i.e., twenty-five weeks after planting with a 17.5 t/ha of
DM yield. The results demonstrate a high content of soluble
carbohydrate in the developing and mature tubers for early and
middle early varieties and thus offer a long period of harvesting
for industrial utilization.

In the late varieties––Violet de Rennes, Rozo and Waldspin-
del––the highest level of soluble carbohydrates (55–67% of DM)
was found predominantly in adult tubers (9.8–18.4 t/ha of DM)
lasting from the end of November to the midst of December
(29–33 weeks after planting). Although, harvesting of tubers
in the end of November can be a problem because of frost.

The content of soluble carbohydrates in the tubers staying in
the soil during fall and winter time changed specifically (25–27).
In the early (Bella, Bianka) and middle early varieties (Topstar
and Gigant) the content of soluble carbohydrates was reduced
continually from optimal harvest term at maturity of tubers
(60–63%) to about 51–55% when harvested in spring. The
content of soluble carbohydrates in the late varieties, Violet de
Rennes and Waldspindel did not change during the winter period
and exhibited similar results with 65 and 55% in the spring.
The carbohydrate content was reduced only in the variety Rozo
and was found to be 50%.

Seasonal Changes of Soluble Carbohydrate Profile. The
profile of soluble carbohydrates reflects the assimilation activities
during developing, maturing and storing of the tubers in the
soil (15, 16, 27–31). The content of monosaccharides, glucose
and fructose, was reduced in all varieties from about 1.6% in
unripe (14–17 weeks after planting) to 0.1–0.5% in mature
tubers as well as in tubers, stored in the soil during winter
(detailed results not shown). In context to the building process
of inulin during the period of high photosynthesis, sucrose,
transported from the leaves and stem, is immediately metabo-
lized in the cells of tubers by the enzyme SST (sucrose–su-
crose–transferase) to 1-Kestose and subsequently transformed
with FFT (fructosyl–fructosyl–transferase) to higher polymers
of inulin (2, 26). In this context, the level of sucrose in growing
tubers as well as in adult tubers of all varieties was low (1.8–7%
of DM). The content of inulin, however, was primarily
influenced by the genotype of tubers.

In the early variety Bella, the content of inulin was in the
range of 53–55% of DM during the growth stage up to maturity
(14–22 weeks after planting). In the Bianka variety, there was
64% inulin of DM (14 weeks) at the start of tuber development,
getting slightly reduced in ripe tubers (22 weeks) to 58%. In
both cultivars the dpns (number average degree of polymeriza-
tion) were in the range of 11 and 13. These dpns calculated
from the enzymatic analysis can be regarded as an indicator
for the polymeric profile of inulin in the tubers. A dpn > 8
reflects a higher percentage of polymers above dpn12 usually
called inulin, whereas a dpn < 8 indicates a polymeric profile
of 3 < dpn < 12 being still inulin (�-2,1 linked fructofuranosyl
residues) but usually termed as fructooligosaccharides (FOS);

this statement is confirmed by the results of polymer distribution
by calibrated SEC as published recently (2).

Furthermore, the middle early varieties Topstar and Gigant,
possessed a relatively high content of inulin with 55 and 60%
during unripe stage up to 61 and 64% of DM during the mature
status (14–25 weeks). Likewise the dpns were high and were
found to be in the range of 12–15 promising a very high
polymeric distribution of inulin.

In the late varieties, the inulin content during ripening of
tubers was contrastingly different. In this case, the building
process as well as the storage of the carbohydrates, sucrose,
and inulin in the green biomass is preferred and thus a reduction
in the transport of assimilates to the tubers before flowering
time is observed.

The genotype Waldspindel, which is often defined as a middle
late variety showed values of inulin continually rising from 43
to 48% of DM during the development of tubers till maturity
(17–29 weeks). In these tubers, the polymerization of inulin
was genetically determined to high polymeric components. The
tubers at early stage of development showed a dpn of about 18
for inulin being reduced slowly to the normal level of 11 in
adult tubers.

The late variety Violet de Rennes started with a low content
of inulin (42–46% of DM) in the early development period of
tubers during the highest photosynthetic activity in summer time
(14–19 weeks), but the content increased to 59% of DM during
the developing process of tubers up till maturity (19–29 weeks),
which is acceptable for industrial utilization. Compared to the
foregoing these tubers differ showing a nearly constant dpn of
14 for inulin during the developing process, only in adult tubers
was the dpn, reduced to 10.

Contrarily, in the Rozo variety, the biosynthesis started rather
early with a high level of inulin between 59 and 63% of DM
after 14–22 weeks of plantation. This was reduced slowly to a
level of 47% of DM in the mature tubers 29 weeks old.
Simultaneously the dpn of inulin was reduced from 13 in unripe
tubers to 8 in adult tubers.

In adult tubers the activity of SST was reduced and
subsequently disappeared in the tubers remaining in the soil
particularly during a frost period in winter time (16, 32, 33).
Contrarily, the activity of FFT (for depolymerization of high
polymer inulin to lower polymer inulin and sucrose) was induced
in the cells of tubers at low temperature periods (<4 °C) in the
soil. Due to this process, the increasing molar concentration of
low molecular weight sugars supports the osmotic regulation
of cells against damage and destruction. Additionally, sucrose
can be transferred to the cell for metabolism as well as for
stabilizing living processes of tubers (e.g., supporting processes
of lignification to strengthen the skin and thus protecting the
tubers). In this context the changes in the composition of sucrose
and inulin can be expected for tubers stored in the soil after
maturity.

In tubers of early varieties respiration and assimilation
processes start immediately after maturity (indicated by the loss
of green biomass) during the storage in the soil (13, 29).
Therefore, the sucrose level was increased and the content of
inulin reduced in the tubers 25 weeks after plantation. In the
Bella variety, the profile of soluble carbohydrate changed
significantly to 18% sucrose and 44% inulin with a dpn of 6.7
in the following weeks (29 weeks); after the first frost period
at a harvest in the midst of December (33 weeks) the content
of sucrose increased to 23.5% of DM, whereas the inulin content
dropped down to 32.8% of DM with a dpn of 5.3 indicating a
very low polymeric distribution; at a harvest in spring after
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hibernation of tubers in the soil (week 44 and 47) the level of
sucrose and inulin was hardly changed compared to the previous
harvest in December (week 33). The reduction of yield and dry
matter in the tubers during hibernation evidenced the use of
soluble carbohydrates for respiration and lignification processes
(19). The change of the carbohydrate profile in the early cultivar
Bianka was more continuous during the storage of the adult
tubers in the soil: In the 25. week––similar to Bella––the level
of sucrose increased to 9.1% of DM, but in the following weeks
this value rose only slowly to 11.6% (29 week) and stayed stable
during the frost period resulting in 10.6% of DM after 33 weeks;
in this period, the content of inulin was reduced to 43–47%
with a dpn between 8 and 11; but after hibernation the profile
of carbohydrates had changed to a high level of sucrose (20%

of DM) and a distinctly reduced level of inulin (35% of DM);
also in Bianka the assimilation processes could be recognized
by yield and dry matter changes in the tubers (34).

Middle early varieties, Topstar and Gigant, showed different
effects on carbohydrate profile during the storage of tubers in
the soil; Topstar achieved a low sucrose level in the fall period
(29–33 weeks) with an acceptable content of inulin in the range
of 50% of DM; however, a definitely reduced dpn of 6 for inulin;
during hibernation in the soil the level of sucrose increased to
the double amount of about 15%, and accordingly, inulin was
reduced to a level of about 40% of DM with the same dpn of 6;
in the Gigant cultivar, sucrose level arose noticeably to 15%
during the fall period, and at the same time inulin level was
reduced to about 40% of DM; during hibernation the effect of

Table 1. Content of Soluble Carbohydrates (Inulin, Sucrose) and DpN of Inulin in Early Varieties Bella and Biankaa

harvest time BELLA BIANKA

weeks
after

planting
temp-sumb

[°C]
sucrose
[g/100 g]

inulin
[g/100 g]

Σsoluble
carbohydrate

[g/100 g]

dpn of
inulin

average
sucrose
[g/100 g]

inulin
[g/100 g]

Σsoluble
carbohydrate

[g/100 g]

dpn of
inulin

average

14 1733 2.7 ( 0.1 a 53.5 ( 0.4 a 57.8 ( 0.6 ad 11.6 ( 0.8 ab 3.5 ( 0.2 a 63.5 ( 0.5 a 68.1 ( 0.8 a 11.2 ( 0.1 ad
17 2138 3.6 ( 0.1 a 55.2 ( 0.6 a 60.1 ( 0.8 ab 11.9 ( 0.2 ab 4.0 ( 0.1 a 63.0 ( 0.9 ab 68.6 ( 1.1 a 12.2 ( 0.1 ab
19 2444 3.2 ( 0.2 ab 54.8 ( 0.8 a 58.2 ( 1.1 ad 13.2 ( 0.1 b 3.9 ( 0.1 a 62.5 ( 0.2 ab 66.8 ( 0.4 b 13.2 ( 0.1 b
22 2823 6.0 ( 0.1 c 54.2 ( 0.9 a 60.4 ( 1.2 b 10.5 ( 0.3 a 3.9 ( 0.1 a 58.3 ( 0.3 b 62.3 ( 0.5 c 13.1 ( 0.4 b
25 3053 8.5 ( 0.2 d 49.2 ( 0.3 b 58.1 ( 0.6 abd 9.9 ( 0.3 a 9.1 ( 0.6 b 47.7 ( 0.8 c 57.5 ( 1.3 d 10.5 ( 0.9 a
29 3282 18.0 ( 0.3 e 44.4 ( 0.5 c 62.7 ( 0.8 c 6.7 ( 0.9 c 11.6 ( 0.1 c 43.4 ( 0.2 d 55.3 ( 0.4 d 8.6 ( 0.1 c
33 3328 23.5 ( 0.7 f 32.8 ( 0.4 d 56.5 ( 1.3 d 5.3 ( 0.3 c 10.6 ( 0.8 c 45.2 ( 0.7 cd 55.9 ( 1.4 d 10.0 ( 0.9 cd
44 3476 21.4 ( 0.6 g 37.6 ( 0.8 e 59.1 ( 1.5 a 5.6 ( 0.1 c 18.9 ( 0.2 d 35.2 ( 0.5 e 54.3 ( 0.8 d 6.5 ( 0.1 e
47 3578 23.2 ( 0.3 f 30.8 ( 0.4 d 54.1 ( 0.8 e 5.5 ( 0.2 c 20.0 ( 0.4 d 35.3 ( 0.6 e 55.5 ( 1.0 d 6.3 ( 0.2 e

a Data are presented as mean ( SD (n ) 4); values with different letters within the same column are significantly different at the R ) 0.05 level by Tukey′s multiple
range test. b Sum of average daily temperature over 4 °C (from day of planting).

Table 2. Content of Soluble Carbohydrates (Inulin, Sucrose) and DpN of Inulin in Middle Early Varieties Topstar and Giganta

harvest time TOPSTAR GIGANT

weeks
after

planting
temp-sumb

[°C]
sucrose
[g/100 g]

inulin
[g/100 g]

Σsoluble
carbohydrate

[g/100 g]

dpn of
i nulin

average
sucrose
[g/100 g]

inulin
[g/100 g]

Σsoluble
carbohydrate

[g/100 g]

dpn of
inulin

average

14 1733 1.9 ( 0.2 a 57.5 ( 0.6 ab 60.3 ( 0.9 abc 12.5 ( 0.1 ac 1.8 ( 0.1 a 61.9 ( 0.1 a 64.5 ( 0.2 a 13.2 ( 0.1 ab
17 2138 2.5 ( 0.1 a 58.2 ( 0.3 a 61.3 ( 0.5 abc 15.1 ( 0.3 b 2.7 ( 0.1 b 58.4 ( 0.3 bcd 62.2 ( 0.5 bc 14.4 ( 0.9 a
19 2444 3.5 ( 0.4 b 60.9 ( 0.7 a 64.7 ( 1.0 a 13.2 ( 0.2 ab 3.2 ( 0.1 b 57.7 ( 0.7 c 61.1 ( 0.9 b 13.1 ( 0.8 ab
22 2823 4.3 ( 0.1 c 56.3 ( 0.9 abc 60.8 ( 1.2 abc 12.4 ( 0.1 ac 4.0 ( 0.2 c 59.6 ( 0.5 d 63.8 ( 0.8 ac 13.4 ( 0.7 ab
25 3053 6.8 ( 0.2 d 55.0 ( 0.6 abc 62.1 ( 0.8 ab 10.3 ( 0.3 c 6.7 ( 0.4 d 55.9 ( 0.2 e 62.8 ( 0.7 abc 10.9 ( 0.4 b
29 3282 5.4 ( 0.4 e 50.6 ( 0.4 bc 56.1 ( 0.8 bc 6.5 ( 0.1 d 10.6 ( 0.3 e 52.4 ( 0.4 f 63.2 ( 0.8 ac 7.4 ( 0.1 c
33 3328 7.4 ( 0.1 d 49.7 ( 0.8 c 57.3 ( 1.0 b 5.5 ( 0.1 d 14.9 ( 0.2 f 41.3 ( 0.3 g 56.6 ( 0.6 d 7.7 ( 0.2 c
44 3476 15.9 ( 0.4 f 41.5 ( 0.5 d 57.7 ( 1.1 abc 6.5 ( 0.2 d 22.0 ( 0.4 g 31.4 ( 0.6 h 53.6 ( 1.1 e 7.4 ( 0.3 c
47 3578 14.3 ( 0.2 g 39.5 ( 0.4 d 54.2 ( 0.7 c 6.8 ( 0.4 d 20.9 ( 0.3 h 30.0 ( 0.2 h 51.1 ( 0.6 f 7.7 ( 0.2 c

a Data are presented as mean ( SD (n ) 4); values with different letters within the same column are significantly different at the R ) 0.05 level by Tukey′s multiple
range test. b Sum of average daily temperature over 4 °C (from day of planting).

Table 3. Content of Soluble Carbohydrates (Inulin, Sucrose) and DpN of Inulin in Late Varieties Violet De Rennes and Rozoa

harvest time VIOLET de RENNES ROTE ZONENKUGEL

weeks
after

planting
temp-sumb

[°C]
sucrose
[g/100 g]

inulin
[g/100 g]

Σsoluble
carbohydrate

[g/100 g]

dpn of
inulin

average
sucrose
[g/100 g]

inulin
[g/100 g]

Σsoluble
carbohydrate

[g/100 g]

dpn of
inulin

average

14 1733 2.9 ( 0.2 a 46.2 ( 0.9 a 50.1 ( 1.2 a 13.5 ( 0.8 a 3.0 ( 0.1 a 63.4 ( 0.1 a 66.9 ( 0.3 a 13.2 ( 0.1 a
17 2138 3.5 ( 0.1 a 45.3 ( 0.1 a 49.4 ( 0.3 a 14.4 ( 0.4 a 3.1 ( 0.3 a 58.9 ( 0.1 b 63.0 ( 0.5 bc 11.3 ( 0.2 b
19 2444 3.2 ( 0.1 a 42.5 ( 0.4 b 46.2 ( 0.6 b 14.7 ( 0.9 a 3.1 ( 0.8 a 58.6 ( 0.9 b 62.7 ( 1.7 bc 10.2 ( 0.7 b
22 2823 3.9 ( 0.1 b 50.1 ( 0.9 cd 54.5 ( 1.1 c 14.6 ( 0.3 a 2.1 ( 0.1 a 59.0 ( 0.3 b 61.4 ( 0.5 c 11.3 ( 0.1 b
25 3053 4.7 ( 0.3 c 52.2 ( 0.1 d 57.0 ( 0.5 d 13.8 ( 0.2 a 3.5 ( 0.4 ab 52.4 ( 0.2 c 56.0 ( 0.7 d 10.7 ( 0.2 b
29 3282 7.5 ( 0.5 d 59.1 ( 0.6 e 66.9 ( 1.2 e 10.3 ( 0.3 b 5.2 ( 0.1 b 47.1 ( 0.7 d 52.5 ( 0.9 e 8.1 ( 0.4 c
33 3328 11.7 ( 0.4 e 54.0 ( 0.6 d 65.9 ( 1.1 e 7.4 ( 0.1 c 16.1 ( 0.4 cd 48.0 ( 0.9 d 64.2 ( 1.4 ab 9.3 ( 0.3 d
44 3476 15.4 ( 0.6 f 48.9 ( 0.2 c 64.4 ( 0.8 e 6.6 ( 0.2 c 16.9 ( 0.9 d 32.9 ( 0.1 e 49.9 ( 1.2 e 10.3 ( 0.4 b
47 3578 14.0 ( 0.4 g 50.5 ( 0.2 cd 64.7 ( 0.7 e 6.9 ( 0.4 c 15.5 ( 0.6 c 36.6 ( 0.3 f 52.3 ( 1.1 e 8.2 ( 0.6 c

a Data are presented as mean ( SD (n ) 4), values with different letters within the same column are significantly different at the R ) 0.05 level by Tukey′s multiple
range test. b Sum of average daily temperature over 4 °C (from day of planting).
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depolymerization resulted in a high content of sucrose (22%)
and extremely reduced level of inulin (31%); but the dpn of
inulin with 7.7 was relatively high and constant during 29–47
week after planting the tubers.

For the late varieties, a decrease of sucrose to about 12–16%
of DM was found while harvesting in the midst of December
(33 weeks); simultaneously the content of inulin was in the range
of 44–54% of DM, similar to the results at earlier harvest terms;
in the cultivars Waldspindel and Violet de Rennes, the dpns of
inulin were on a level of 7, compared to Rozo where a noticeable
increase of the dpn of inulin to 9.3 was found. During hibernation
in the soil, the carbohydrate profile changed depending on the
cultivar: In Waldspindel similar levels of sucrose, inulin and
dpn of inulin were found at the beginning of March (44 weeks)
compared to the last harvest term in fall (33 weeks). Later on,
47 weeks after planting of tubers, the profile changed drastically
to the doubled level of sucrose (23% of DM) and an extensively
reduced content of inulin (30%) with a dpn of 5.5. In the
beginning of March (44 weeks) the levels of sucrose and inulin
in Violet de Rennes were found to be 15 and 50% of DM,
respectively with an inulin dpn of 7 and were constant up till
the end of March (47 weeks). In Rozo, the level of sucrose
(16%) remained constant, whereas the content of inulin was
reduced to 35% with a relatively high dpn of about 9.

Statistical Evaluation of Soluble Carbohydrates. The
statistical evaluation of soluble carbohydrates - total content,
sucrose, inulin (dp g 3, fructooligosaccharides included), and
dpn of inulin, in the tubers of Jerusalem artichoke during
different seasons, was done by Tukey’s multiple range test
(Tables 1–4). Keeping in mind the fact that the concentration
of monosaccharides remained extremely low independent of the
seasonal variation, the changes of soluble carbohydrate profiles
were mainly determined by calculating sucrose and inulin levels
in the tubers. At first instance a significant correlation between
sucrose and inulin values (determined by linear regression
analysis) was found when all the cultivars were taken into
account (r ) -0.804**). Sucrose and inulin content of the
individual varieties, however, showed very different interactions
(Figure 1). To interpret more precisely the cultivars were
divided in early and middle early varieties on the one side and
late varieties on the other side for the regression analysis. For
the first group––Bella, Bianka, Topstar, Gigant––a highly
significant relationship between the content of sucrose and inulin
in the tubers (r ) -0.952**) was found (Figure 2). Determi-
nation of the mathematical equation for this linear regression y
) -1.35x + 62.32 thus opens the possibility to estimate the
inulin content directly from the amount of sucrose and vice
versa. For the second group––Waldspindel, Violet de Rennes
and Rozo––the significance of the relation between the content

of sucrose and inulin was distinctly reduced compared to the
earlier cultivars (r ) -0.502**). Figure 3 presents the linear
regression between the concentration of sucrose and dpn of inulin
(r ) -0.806**) applied for all the cultivars. The significance
of correlation between sucrose and dpn of inulin was slightly
higher (r ) -0.845**) in the first group (early varieties) and
slightly lower (r ) -0.767**) in the group of late varieties
than in the group comprising all the cultivars.

Yield of Soluble Carbohydrate/ha with Respect to DpN

of Inulin. The yield of soluble carbohydrate/ha and the profile
of carbohydrate are essential for the utilization of Jerusalem
artichoke tubers in industrial processes (13, 29–31). Apart from
the content of sucrose and inulin the quality of inulin indicating
the distribution of low to high polymeric inulin represents a
further important factor for tailor-made products from Jerusalem
artichoke.

In Figure 4, the yield of soluble carbohydrates in t/ha of DM
and the dpn of inulin from the applied varieties during the
investigated seasons can be seen. The early varieties, Bella and

Table 4. Content of Soluble Carbohydrates (Inulin, Sucrose) and DpN of Inulin in Late Variety Waldspindela

harvest time WALDSPINDEL

weeks
after planting

temp-sumb

[°C]
sucrose
[g/100 g]

inulin
[g/100 g]

Σsoluble
carbohydrate [g/100 g]

dpn of
inulin average

14 1733 nd nd nd nd
17 2138 2.7 ( 0.1 a 43.4 ( 0.6 a 46.4 ( 0.9 a 18.4 ( 0.6 a
19 2444 2.8 ( 0.1 a 44.3 ( 0.9 ab 47.4 ( 1.0 abc 17.8 ( 0.5 a
22 2823 2.5 ( 0.2 a 48.7 ( 0.2 b 51.4 ( 0.5 c 15.5 ( 0.9 b
25 3053 6.2 ( 0.3 b 44.1 ( 0.8 b 50.5 ( 1.2 ac 14.2 ( 0.9 b
29 3282 7.6 ( 0.2 c 43.6 ( 0.9 a 51.3 ( 1.3 bc 11.3 ( 0.6 c
33 3328 12.6 ( 0.7 d 43.9 ( 0.9 a 56.6 ( 1.8 d 7.0 ( 0.3 de
44 3476 11.4 ( 0.5 e 43.3 ( 0.5 a 54.9 ( 1.3 cd 7.3 ( 0.1 d
47 3578 10.6 ( 0.2 f 30.6 ( 0.4 c 53.9 ( 0.9 cd 5.5 ( 0.2 e

a Data are presented as mean ( SD (n ) 4); values with different letters within the same column are significantly different at the R ) 0.05 level by Tukey′s multiple
range test. b Sum of average daily temperature over 4 °C (from day of planting).

Figure 1. Linear regression between content of sucrose and inulin in
tubers taking into account all investigated varieties of Jerusalem artichoke.
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Bianka, possessed the highest yield of soluble carbohydrates
with a high dpn of inulin in the weeks 19–26 after planting as
expected.

The middle early varieties, Topstar and Gigant, showed high
differences in the yield but possessed characteristics similar to
the earlier varieties. The content of soluble carbohydrates in
Gigant was twice as high as in Topstar.

The late varieties differed clearly from the earlier varieties
as well as amongst each other: Waldspindel showed an
acceptable yield of carbohydrates (weeks 25–33 after planting)

with higher dpn of inulin at the beginning of the harvest period.
Violet de Rennes and Rozo started extremely late with higher
yields of carbohydrate (29 weeks after planting). Clear difference
between both varieties was the distinctly higher dpn of inulin
in Rozo during the winter time and thus in the spring
harvest.

Content of Total Protein and Peroxidase Activity. The total
content of protein in the varieties also showed significant
differences at the different harvest terms (Table 5). For the
early varieties, Bella and Bianka, protein levels were in a
similar range between 9 and 12% of DM with average values
of 9.7 and 10.5%. In the middle early varieties significant
differences were found between the cultivars. Topstar
delivered results between 6.3 and 8.4% with a mean of 7.8%
of DM, however Gigant contained more protein between 7.8
and 11.1% with a mean of 9.7% of DM. In the late varieties
the middle late cultivar Waldspindel showed clearly higher
content of protein (range: 10.6–12.2%, mean: 11.3% of DM)
compared to the late cultivars Violet de Rennes (range,
7.1–9.4%; mean: 8.4% of DM) and Rozo (range, 7.7–11.6%;
mean, 8.9% of DM).

The increase in the activity of polyphenoloxidase or of
peroxidase in the tubers can be applied as indicator for stress
(19). But in general, the level of activities is genetically

Figure 2. Linear regression between content of sucrose and inulin in
tubers taking into account early and middle early varieties of Jerusalem
artichoke.

Figure 3. Linear regression between content of sucrose and dpn of inulin
in tubers taking into account all investigated varieties of Jerusalem
artichoke.

Figure 4. Seasonal change of soluble carbohydrates in tubers (yield t/ha
of DM) and dpn of inulin in early (a), middle early (b) and late (c) varieties
of Jerusalem artichoke.
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predestined and therefore often extremely different within
the varieties. In the first phase of development of tubers
during a high accumulation of fructan the peroxidase activity
is generally reduced to minimum. When inulin starts to
depolymerize and respiration increases the activity of per-
oxidase is enhanced in adult tubers (32). For more informa-
tion concerning chilling stress peroxidase activity (units/mg
soluble protein) of tubers of early and late cultivars were
investigated before and after winter time (Figure 5). The
middle early varieties, Topstar and Gigant, showed a slightly
increased activity during winter time. The Topstar cultivar
doubled its activity in the spring period, Gigant, however,
hardly raised the activity of peroxidase till spring. The middle
late variety, Waldspindel, initially had low activity, which
changed rapidly to higher levels during winter time and
showed only a slight increase in the spring period. The late
varieties, Violet de Rennes and Rozo, showed both minor
changing of activities during winter and spring period each,
but the peroxidase activity in Violet was only half of that in
Rozo. This minor increase of peroxidase activity indicates a
high stability of these tubers against chilling stress favouring
their application after spring harvesting.

Concluding the obtained informations on carbohydrate com-
position of Jerusalem artichoke considering the yield (t/ha of
DM) and on seasonal dependence of carbohydrate profile in
different varieties allow a definite choice of harvest time for a
suitable processing of tubers proposing a broad range for
application as prebiotic and novel food.

ACKNOWLEDGMENT

We thank Dr. Renate Löppert from Department of Chemistry
of the University of Natural Resources and Applied Life
Sciences for her assistance and review of the manuscript.

LITERATURE CITED

(1) Loo, J. V.; Coussement, P.; Leenheer, L. D.; Hoebregs, H.; Smits,
G. On the presence of inulin and oligofructose as natural
ingredients in the western diet. Crit. ReV. Food Sci. 1995, 35,
525–552.

(2) Praznik, W.; Cieslik, E.; Huber, A. Fructans: Occurrence and
Application in Food. In Chemical and Functional Properties of
Food Saccharides; Tomasik, P., Eds.; CRC: Boca Raton, FL,
2004; pp 197–215.

(3) Cummings, J. H.; Macfarlane, G. T. Gastrointestinal effects of
prebiotics. Brit. J. Nutr 2002, 87, 145–151. Suppl. 2.

(4) Crittenden, R. G.; Playne, M. J. Production, properties and
applications of food-grade Oligosaccharides. Trends Food Sci.
Technol. 1996, 7, 353–360.

(5) Gibson, G. R.; Beatty, E. R.; Wang, X.; Cummings, J. H. Selective
stimulation of bifidobacteria in the human colon by oligofructose
and inulin. Gastroenterology 1995, 108, 975–982.

(6) Causey, J. L.; Feiertag, J. M.; Gallaher, D. G.; Tungland, B. C.;
Slavin, J. L. Effects of dietary inulin on serum lipids, blood
glucose and the gastrointestinal environment in hypercholester-
olemic men. Nutr. Res. 2000, 20 (2), 191–201.

(7) Roberfroid, M. B. Concepts in fuctional foods: The case of inulin
and oligofructose. J. Nutr 1999, 129, 1398S–1401S.

(8) Roberfroid, M. B.; Gibson, G. R.; Delzenne, N. The Biochemistry
of oligofructose, a nondegestible fiber: An approach to calculate
its caloric value. Nutr. ReV 1993, 51, 137–146.

(9) Roberfroid, M. B.; van Loo, J. A. E.; Gibson, G. R. The
bifinogenic nature of chicory inulin and its hydrolysis products.
J. Nutr. 1998, 128, 11–19.

(10) Sangeetha, P. T.; Ramesh, M. N.; Prapulla, S. G. Recent trends
in the microbial production, analysis and application of fructoo-
ligosaccharides. Trends Food. Sci. Technol. 2005, 16, 442–457.

(11) Kaur, N.; Gupta, A. K. Applications of Inulin and Oligofructose
in Health and Nutrition. J.Biosci 2002, 27 (7), 703–714.

(12) Wei, L.; Wang, J.; Zheng, X.; Teng, D.; Yang, Y.; Cai, C.; Feng,
T.; Zhang, F. Studies on the extracting technical conditions of
inulin from Jerusalem artichoke tubers. J. Food Eng. 2007, 79,
1087–1093.

(13) Baldini, M.; Danuso, F.; Turi, M.; Vanozzi, G. P. Evaluation of
new clones of Jerusalem artichoke (Helianthus tuberosus L.) for
inulin and sugar yield from stalks and tubers. Ind. Crop. Prod.
2004, 19, 25–40.

(14) Kiehn, F. A.; Chubey B. B. Variability in Agronomic and
Compositional Characteristics of Jerusalem Artichoke. In Inulin
and Inulin Containing Crops; Fuchs, A., Eds.; Elsevier: Amster-
dam, 1993; pp 1–8.

(15) Soja, G.; Dersch, G.; Praznik, W. Harvest dates, fertilizer and
varietal effects on yield, concentration and molecular distribution
of fructan in Jerusalem Artichoke (Helianthus tuberosus L.). J.
Agron. Crop. Sci. 1990, 165, 181–189.

(16) Praznik, W.; Beck, R. H. F. Inulin composition during growth of
tubers of Helianthus tuberosus L. Agric. Biol. Chem 1987, 51,
1593–1599.

(17) Barta, J.; Pátkai, G. Suitability of Hungarian Jerusalem Artichoke
Cultivars for Food Industrial Processing. In Inulin and Inulin

Table 5. Seasonal Change of Protein Content in the Investigated Varieties [G/100 G Dm]a

weeks after planting temp-sumb [°C] Bella Bianka Topstar Gigant Violet de Rennes Waldspindel Rozo

14 1733 9.6 ( 0.1 a 10.5 ( 0.1 a 8.3 ( 0.2 a 8.5 ( 0.2 a 8.0 ( 0.4 a n.d. 10.0 ( 0.4 a
17 2138 8.1 ( 0.2 b 9.4 ( 0.6 b 6.7 ( 0.1 b 7.8 ( 0.3 b 7.7 ( 0.4 b 11.3 ( 0.4 a 8.2 ( 0.8 b
19 2444 8.4 ( 0.1 b 9.3 ( 0.2 b 6.3 ( 0.1 c 9.6 ( 0.1 c 9.4 ( 0.1 c 10.6 ( 0.1 b 7.9 ( 0.1 b
22 2823 9.8 ( 0.2 b 10.2 ( 0.1 c 8.0 ( 0.3 d 9.9 ( 0.4 d 8.9 ( 0.4 d 11.7 ( 0.4 c 7.7 ( 0.4 c
25 3053 10.8 ( 0.1 c 9.9 ( 0.1 d 8.4 ( 0.1 a 9.8 ( 0.1 d 9.3 ( 0.2 c 11.1 ( 0.1 d 8.5 ( 0.2 d
29 3282 10.7 ( 0.1 c 12.4 ( 0.4 e 8.3 ( 0.2 a 10.8 ( 0.3 e 8.5 ( 0.4 e 10.9 ( 0.8 e 9.0 ( 0.1 e
33 3328 10.2 ( 0.1 d 9.0 ( 0.2 f 7.9 ( 0.6 d 9.7 ( 0.1 d 9.1 ( 0.1 c 11.3 ( 0.1 a 11.6 ( 0.4 f
44 3476 9.5 ( 0.1 a 10.8 ( 0.1 a 8.1 ( 0.7 e 11.1 ( 0.4 e 7.4 ( 0.8 f 12.2 ( 0.7 f 9.2 ( 0.3 e
47 3578 10.6 ( 0.1 cd 12.8 ( 0.3 e 7.9 ( 0.4 d 10.3 ( 0.1 e 7.1 ( 0.1 g 11.0 ( 0.1 d 8.2 ( 0.1 b

a Data are presented as mean ( SD (n ) 4); values with different letters within the same column are significantly different at the R ) 0.05 level by Tukey′s multiple
range test. b Sum of average daily temperature over 4 °C (from day of planting).

Figure 5. Peroxidase activity (U/mg soluble protein) in tubers before (week
33) and after wintertime (week 44, week 47).

Seasonal Changes in Carbohydrates in Jerusalem Artichoke J. Agric. Food Chem., Vol. 55, No. 23, 2007 9407



Containing Crops––Proceedings of the SeVenth Seminar on Inulin;
Fuchs, A. Eds.; Elesvier: New York, 2000; pp 51–56.

(18) Praznik, W.; Cieslik, E.; Filipiak - Florkiewicz, A. Soluble dietary
fibres in Jerusalem Artichoke powders: Composition and applica-
tion in bread. Nahrung/Food 2002, 46, 151–157.

(19) Gaspar, Th.; Teppaz -Misson, C.; Courduroux, J-C. Isoperoxidases
in Jerusalem Artichoke in relation to tuberization and dormancy.
Biol. Plant. 1973, 15 (5), 339–345.

(20) Hughes, S. G.; Bryant, J. A. Smirnoff, N. Plants under Stress:
Biochemistry, Physiology and Ecology and their Application to
Plant ImproVement; Jones H. G., Flowers, T. J., Jones M. B.,
Eds.; Cambridge University Press; Cambridge, 1989.

(21) Kocsis, L.; Kaul, H.-P.; Praznik, W.; Liebhard, P. Einfluss des
Erntetermins auf den Kraut- und Knollenertrag unterschiedlicher
Sorten von Topinambur (Helianthus tuberosus L.) im semiariden
Produktionsgebiet Österreichs. Ger. J. Agron. 2007, accepted.

(22) Kocsis, L.; Liebhard, P.; Praznik, W. Einfluss des Erntezeitpunktes
auf Knollengröße und Trockensubstanzgehaltsowie Inulin- und
Zuckerertrag bei Topinmabursorten (Helianthus tuberosus L.) im
semiariden Produktionsgebiet. Ger. J. Agron. 2007, in press.

(23) Spector, T. Refinement of the coomassie blue method of protein
quantification: A simple and linear spectrophotometric assay for
e0.5 to 50 µg of protein. Anal. Biochem 1978, 86 (1), 142–146.

(24) Stellmach, B. Bestimmungsmethoden: Enzyme für Pharmazie,
Lebensmittelchemie, Technik, Biochemie, Biologie, Medizin; Steinko-
pff Verlag: Darmstadt, 1988; pp 220–223.

(25) Bacon, J. S. D.; Loxley, R. Seasonal changes in the carbohydrates
of the Jerusalem Artichoke tuber. Biochem. J. 1952, 51, 208–
213.

(26) Edelman, J.; Jefford, T. G. The Mechanism of fructosan metabo-
lism in higher plants as exemplified in Helianthus tuberosus. New.
Phytol 1968, 67, 517–531.

(27) Beck, R. H. F.; Praznik, W. Inulinhaltige Pflanzen als Rohst-
offquelle: Biochemische und Pflanzenphysiologische Aspekte.
Starch 1986, 38, 391–394.

(28) Denoroy, P. The crop physiology of Helianthus tuberosus L.: A
model orientated view. Biomass Bioenergy 1996, 11, 11–32.

(29) Honermeier, B.; Runge, M.; Thomann, R. Influence of Cultivar,
Nitrogen and Irrigation on Yield and Quality of Jerusalem
Artichoke (Helianthus tuberosus L.). In Inulin and Inulin Contain-
ing Crops- Proceeedings of the Sixth Seminaron Inulin; Fuchs,
A., Eds.; Elesvier: New York, 1996; pp. 35–36.

(30) Schorr-Galindo, S.; Guiraud, J.P. Sugar potential of different
Jerusalem Artichoke cultivars according to harvest. Bioresour.
Technol. 1997, 60, 15–20.

(31) Saengthonginit, W.; Sajjaanantakul, T. Influence of harvest time
and storage temperature on characteristics of inulin from Jerusalem
Artichoke (Helianthus tuberosus L.) tubers. PostharVest Biol.
Technol. 2005, 37, 93–100.

(32) Kammerer, S. Biosynthese und Regulations mechanismen bei
Fruktanpflanzen. PhD Thesis. University of Natural Resources and
Applied Life Sciences, Vienna. 1993.

(33) Nöel, G. M.; Pontis, H. G. Involvement of sucrose synthase in
sucrose synthesis during mobilization of fructans in dormant
Jerusalem Artichoke tubers. Plant Sci 2000, 159, 191–195.

(34) Dersch, G. Zur Wirkung von exogenen und endogenen Faktoren
auf die Entwicklung, Trockenmasse- und Kohlenhydratverteilung,
Stolonen-und Knollenbildung von Topinambur (Helianthus tubero-
sus L.). PhD Thesis, University of Natural Resources and Applied
Life Sciences, Vienna. 1995.

Received for review June 13, 2007. Revised manuscript received August
29, 2007. Accepted September 2, 2007. We thank ÖAD (Austrian
Exchange Service) for the financial support.

JF0717485

9408 J. Agric. Food Chem., Vol. 55, No. 23, 2007 Kocsis et al.


