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ABSTRACT

Fuseau and Local Jerusalem artichoke cultivars were cuitivated at the
research station HRI using two planting materials (seedlings and tubers) and
study their effect on the vegetative growth and tuber yield characteristics. The
second part of this siudy depend on the tuber of Jerusalem artichoke
produced from the control of the two cultivated cultivars (after 150 days of
planting) as a source of inulin to study inulin effect on bread quality and its
reflect on the bone health of the rats which gave good indicator for man
health.

Jerusalem artichoke is an important source of inulin which useful for
human bone health. This study tended to produce Jerusalem artichake tubers
easily and with high quality rich in their inulin content. Fuseau cuitivar orfand
its tubers or together gave the highest plant and tubers characteristics.
Number of tuber/plant, total yield and dry matter increased with increasing the
plant age till 180 days of planting date, especially with Fuseau cultivar, Local
cultivar tuber powder was superior in protein, fructose and glucose contents,
white Fuseau cultivar tuber powder contained the highest content of ash,
crude fiber, inulin, -fructose, calcium and phosphorus. Adding Jerusalem
artichoke powder of the two cultivars at 5, 10 and 15% improved pan bread
characteristics, Fuseau cuitivar was the superior,

For the biclogical experiment, rats fed different diets contained
Jerusalem artichoke powder (as inulin source) with or without calcium. Basal
diet gave rats with the highest body and daily body weights followed by the
rats fed on Jerusalem artichoke powders of the two cultivars. The thickness
and length of femur and tibia and the thickness of joint are in the high ievels in
rats fed on diets contained Jerusalem artichoke powders plus calcium
followed by those fed on diets contained Jerusalem artichoke only.

Rats fed on diets supplemented with Fuseau Jerusalem artichoke
powder plus caicium, their serum and bone contained the highest levels of
calcium and phosphorus contents. From the results, Jerusalem artichoke
powder only (Fuseau and Local) or the Local + calcium have significant effect
on these respects.

INTRODUCTION

Jerusalem artichoke tubers are one of the main rich sources of inulin,
also is alternative sugar crops which accumulate linear fructose polymers
{fructans) in its tubers. These tubers ¢an be used in the food industry as
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dietary fibers and iow calorie sweeteners or nonfood medical and industrial
applications (Fuchs, 1993). Jerusalem artichoke is known as a crop with a
high production potential (Kosaric ef af, 1984).

Swanton and Cavers (1986) recommended that the number of
emerged shoots from Jerusalem artichoke tubers was significantly higher than
those arising from rhizomes. And they found also, that the percentage of
tubers that regenerated was higher than that of rhizomes.

El-Sharkawy (1998) reported that the maximum plant growth
parameters i.e. plant height, number of main stems, number of branches per
stem, fresh weight of shoots and dry weight of leaves were recorded at 120
days after planting. MclLaurin et al (1999) menticned that the number of
shoots peaked in week 10, the number of branches, stolon and tubers
reached a maximum 24 weeks after planting. Number of leaves peaked
between weeks 20 and 24 after planting. By the 16" week after planting. 85%
of the total dry matter was in the aboveground plant parts, then declined with
increasing the plant age. On the other hand dry matter in the tubers peaked in
week 22.

Hang and Gilliiand (1982) mentioned that the top fresh weight of
Jerusalem artichoke increased rapidly after emergence, reaching a maximum
around 120 days, when tuber initiation was observed and found that tuber
yield were similar plots harvested on 3December {1980) and 26 February

(1981) [44.8-56.6 t/ha] and tubers could be harvested in any time after
maturatlon Perko (1990) reported that tuber yields of Jerusaiem artichoke
fluctuated between 3 and 4 Kg/m®. Soja et af (1990) found that carbohydrate
concentration (78-81% of D.M.) and molecular fructan distribution were
influenced by mineral congentrations in the tubers. Genotypic differences
were significant for yield, for concentrations of minerals and for fructan
concentration in the tubers. Harvest time had the greatest influence on
carbohydrate composition. Abd El-Lateef (2000) showed that inulic content of
Jerusalem artichoke was 74.99%, also apparent absorption of Fe, Ca, Mg and
P were increased and pH was decreased.

inulin is a polysaccharide composed of a fructose disaccharide which
additional fructo units attached by a b-2 linkage to give a general formula of
GFn, where G= gluco and F= fructose. The human digestive system lacks the
enzyme to break the B-2 linkage, thus the inulin has been shown to provide
an energy of only 1.2 to 1.5 Keallg (Bishay, 1998). Silva {1996) found that
inulin is neutral in odor and taste. Roberfroid (1993) stated that inulin can be
used in baked goods and other cereal preducts. Inulin is not broken down by
the human digestive system. Also, there is a low indirect caloric contribution
due to this colonic fermentation. Serum calcium levels ranged in normal
between 6-12 mg/100ml. This is probably because a very efficient
homeostatic mechanism keeps the serum Ca levels within the normal range
{Miller, 1989). Emerging evidence has shown that certain non-digestible
oligosaccharides {NDOs) can improve Ca absorption {Coudray et al, 1997).
Ohta et af (1997) found that inulin could improve the absorption of minerals.
Scholz-Ahrens and Schrezenmier (2002) found that non-digestible
oligosaccharides (NDO), such as inulin, stimulate mineral absorption, mainly
calcium and magnesiumn. Long-term beneficiai effects on bone healih have
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been indicated by accumulation of bone mineral content in growing rats or
prevention of bone loss in ovariectomized rats. Also, they showed that the
effect of NDO on mineral metabolism may be based on the enhancement of
passive and active mineral transport across the intestinal epithelium,
mediated by an increase in certain metaboiites of the intestinal flora and a
reduction of pH. In rats oligofructose effectively prevented loss of bone
mineral content. The addition of 5% oligofructose prevented hone loss
significantly in the femur in the presence of high dietary caicium (1%} but not
at 0.5%. At 0.5% Ca 10% oligofructose was needed to significantly increase
bone mineralization, and this was only observed in the femur.

At fermentation of inulin and oligofructose by the microflora the
reduction of pH occurs as the result of stimulated production of lactic acid and
short-chain fatty acids. At lower pH more mineral is soluble in the gut flumen
and thus is more readily absorbed from the gut mucosal cell (Ohta et a/ 1995a
and Cummings et al, 2004).

Jerusalem artichoke is propagated by tubers but these tubers are
difficult to store because of the thin skin which permits shrinkage and injury
that ieads to decay. So, the present investigation was designed to break the
dormancy of these tubers to produce seedlings used as a planting material in
comparison with using the tubers, to evaluate the characteristics of vegetative
growth of two Jerusalem artichoke cultivars, produce the highest yield of
tubers and superior constituents with the highest quality also the useful effect
of inulin on human heaith, increase calcium absorption, increase calcium
content of bone and helps reduce risk of osteoporosis. At last, use of inulin as
supplementation material in industry of excellent bakery product.

MATERIALS AND METHODS

A-. First part:

Effect of cultivar and p!antmg materlal on vegetative growth and tuber

yield parameters:

Field experiment was carried out during summer seasons of 2003 and
2004 at Barage Horiicultural Research Station, Kalubia governorate. Two
planting materials of Jerusalem artichoke cultivars Local and Fuseau were
prepared as follows:

1. Tuber seeds: unharvested tubers were stored in the soil unt! planting
date.

2. Seedling: a. Under nursery condition seedlings were prepared by
harvesting the tuber of the two cultivars at their maturity stage and stored
in carton boxes {35 x 65 x 12 cm) filled with peat moss until complete
sprouting. b. These tubers transferred in perforated black polyethylene
bags contained a medium of peat moss: sand: clay (1:2:1).

The two planting materials of the Local and Fuseau cultivars were
transp!anted in the open field on the same date. Planting dates were the 13"
and 20% of April for the two seasons, respectively. . The seeds of the two
cuitivars were planted on rows of one meter apart and on hills of 50 cm within
the row.
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The expenmental design was a split plots with three replicates and
the plot area was 25 m? (5 rows of 5m length and one meter width). Apart
from plants of the two outside rows of each sub-plot were used for
determination of different growth characters. Tuber yield was determined
using the middle three rows.

Recorded data:

The following growth measurements were recorded during the two
growing seasons for each treatment using three plants taken randomiy at
120,150 and 180 days from planting: Stem length (m), stem number/plant,
number of branches/plant, leaf dry matter (%), leaf area using the LI-3100
area meter (LI-COR Inc. Lincoln, Nebraska, USA) chlorophyll: using cholori
meter (SPAD-501), fresh weight of tubers (kg/plant) was recorded at 120, 150
and 180 days after planting per treatment were used to determine the average
total weight of tubers/plant and the total yield (kg/plot) and number of
tubers/plant. Dry matter percentage was determined at each harvest time
after 120, 150 and 180 days of planting. Tubers samples from each
experimental sub-plot were weighed and oven dried at 105°¢ to constant
weight.

B- Second part:
Technological and biological studies:
Preparation of samples:

Jerusalem artichoke tubers were cleaned with tap water to remove
dusts and other undesirable materials, then cut into small pieces and dried in
an air oven at 60-70°c for 24 hours. The dried samples were milled to pass
through 100 mesh screen sieve. The recovered powder was kept in
polyethylene bags and stored at 4+1°¢ in a refrigerator untit using.

Commercial wheat flour, 72% extraction rate, yeast, salt, shortening
and sugar was obtained from local market.

Chemical analysis:

Moisture, crude fiber, ash, crude protein and carbohydrates were
determined as described in A.Q.A.C. (2000). Phosphorus was determined
according fo the method described by Herbet et af (1971). Calcium was
determined using Perkin-Elmer 23865 atomic absorption spectro-photometer
Germany. Inulin; glucose and fructose contents were determined using HPLC
according to the method described by Alistair and Van Niekerk {1983},

Preparation of pan bread:
A straight-dough formula was as follows:-

The formula consists of (based on flour weight) 100 gm wheat flour, J.A
powder of the two cultivars at 5,10 and 15%, 3 gm compressed yeast, 1 gm
salt, 5 gm sugar, 3 gm shortening and adeguate amount of water, Al the
above mentioned ingredients were separately added and mixed. After 25
min., 140 gm from the fermented dough was placed in baking pans {5x9x8
cm), then proofed at 30°% till 55 min. and baked at 240° for 15 min.
(A.A.C.C., 1980).
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Sensory evaluation:

Bread quality parameters were evaluated. Fifteen staff members of
Food Technology Institute carried out the test after one hour of baking
{A.A.C.C., 1990).

Biological experiment:

Using 5% of Jerusalem artichoke had the highest quality scores of
bread followed by 10% with non-significant differences. Thus, we used 10% of
Jerusalem artichoke in this study in feeding the rats due to its healthy effects.

Thirty weanling male albino rats (88-96g) were obtained from Food
Technoiogy Institute. These animals were housed individually in suspended
mesh-bottom stainless steel cages at room temperature (25:2°%) and
provided with redistilled deionized water and basal diet for seven days as
adaptation period. The basal diet, minerals and vitamins mixtures were
prepared as recommended by A.O.A.C. (2000). The ingredients of each diet
were shown in Table (1). The adapted rats were weighted and divided by
selective randomization into six groups of 5 rats each, everyone was assigned
to one of the six diet groups as presented in Table (1). Fresh diets were fed to
animals daily. After the end of experimental period (7 weeks), the blood was
withdrawn by cardiac puncture into plastic tubes and centrifuged for 10 min. at
3000 r.p.m. to separate serum. Serum calcium and phosphorus were
determined according to the method of Merja et af (2001).

The right femur, right tibia and joint were cleaned and freed of
surrounding soft tissue. The length and thickness of each were measured with
vernier caliper. The dried bones were ashed at 700% for 12h, cooled to asses
the percentage mineral content. Bone calcium was measured by the method
described by Alistair and Van Niekerk (1983).

Statistical analysis: . I
Statistical analysis of data was done according to Snedecor and
Cochran (1980).

Table (1); Diet composition as g/100g.

Componah Diet Basal { Group1| Group2 Group3Eroup 4| Group5
Casein 15.00 | 15.00 13.98 13.98 13.81 13.91
Corn oil 10.00 ] 10.00 10.00 10.00 10.00 10.00
Salt mixture 4.00 400 4.00 4.00 4.00 4.00
Cellulose 5.00 5,00 4.34 4.34 4.37 4.37
Vitamin mixture +.00 1.00 1.00 1.00 1.00 1.00
Starch 6500| 6440 | 5668 | 56.08 { 56.72 56.12
Calcium - 0.80 - 0.60 - 0.60
Jerusalem

artichoke powder - - 10.00 10.00 10.00 10.00
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RESULTS AND DISCUSSION

Effect of cuitivar and planting material on vegetative growth parameter:

The effect of cultivar, planting material (tuber and seedlings) and the
interaction between them on vegetative growth of Jerusaiem artichoke plants
and their characteristics are presented in Table (2). It is evident that Fuseau
cuitivars gave significantly taller plants, the highest number of branches/plant
and the largest leaf area/plant than Local cultivar (Soja ef al, 1990). There
was a difference between the two cuitivars in the number of main stem/plant
but in non significant order. These resuits are true in the iwo growing
seasons. Data in the same table indicate that there were significant
differences between the effect of the two planting materials (tuber or
seedlings) on each of plant height, number of main stem/plant and leaf
area/plant, but in non significant order for number of branches/plant. Using the
tubers as planting materiais enhancing plant height, number of main
stem/plant, number of branches/plant and leaf area/piant more than seedliings
ones (Swanton and Cavers, 1986 and Soja ef al, 1980) , then tubers planting
materials are superior in both seasons. Similar conclusion was obtained by
Swanton and Cavers, {1986).

For chlorophyil and /or dry matter of vegetative growth the same trend
was found, whereas Fueau cultivar and/or using tubers as planting material
were significantly in higher rates as compared with other cultivar and pfanting
material. These are true in the two growing seasons. Soja et al (1990) came
to the same conclusion.

Concerning the interaction (cultivar x planting material), it is clear from
data in Table (2) that the highest values of all plant vegetative growth
parameters were recorded in plants growing from tuber of Fuseau cuitivar
followed by piants from the seedlings of the same cultivar. However, the
lowest characteristic values were noticed for. plants. obtained of seedling
planting material of the Local cultivar.

Effect of cultivar and planting material on tuber yieid parameters:

Data on number of tubers/plant, total yield/plant; total yield/piot and
DM of tubers are presented in Table {3). It should be noted that there were
significant differences among cultivars in these respect except the second
season of number of tuber/plant. The maximum values were obtained by
Fuseau cultivar in the two seasons The data were in the line with these of
Soja et af (1990).

Using the tubers of Jerusalem artichoke as planting materials
exhibiting the highest value of number of tuber/plant, total yield/piant. and total
yield/piot and tuber dry matter which in agreement with the data of {Perko,
1890). No significant differences between the two planting materials on these
characteristics.

Seedlings of the Local cultivar gave the lowest level of the previous
yield parameters as compared with the other treatments. Tuber seeds of
Fuseau cuitivar significantly gave the highest values of these respects.
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days after planting during the two seasons 2003 and 2004.

Table (2): Effect of cultivar and plant material on vegetative growth characters of Jerusalem artichoke at 180

Character | Plantheight | o n‘:j:'l:r:’t' bran e fplant | T- leaf areaplant | Total chiorophyll | Dry matter (%)
Season 1] 2™ 1= Pl 1% i 1 Pl 1% 7 Tl ™
Cultivars
Fuseau 306" | 3.13* | 700" | 7.50° | 42.17% | 39.00° | 93.40" | 85.97* | 46.37" | 47.68" | 27.92* | 26.09"
Local 245% | 285° | 567" { 517 { 2767°| 2500° | 71.38% | 62.04° | 3920% | 41.92° | 25258 { 2502"
L.S.D.at5% 037 | 016 | NS. | NS | 895 869 | 1092 | 9095 353 517 067 N.S.
Plant material '

Tubers 3058 | 310% | 7.83* | 750" | 37.33" | 3250 | 89.98% | 84.37" | 44.48" | 48.77" | 27.54* | 26.45"
Seedling 245% | 288° | 483° | 517° | 3250% | 3150" | 74.79° | 63.64° | 40.83% | 40.83% | 2563° | 2467°
L.S.D. at 5% 010 | 0.08 | 173 | 122 | NS. NS. 4.38 1.83 264 227 1.49 1.52
Interaction

Fuseau

Tuber 3.12% | 326 | 833" | 933"} 48.00° | 40.00" | 101.39% | 96.10" | 47.90" | 51.13" | 29.13* | 2652
Seedling 3.00" | 3.00° ] 7.33*® | 5567° | 36.33% | 38.00" | 85.40° | 75.84° | 44.83"% | 46.40"° | 26.71° | 26.37*
Local Tuber 300" | 295° | 567°° | 5. 66*’- 28677 | 25.00% | 7857° | 7264 | 41.07° | 44.23% | 2504 | 25. 82“"
Seedling 1.92° | 2.75° | 4.00° | 4p7° | 26.67° | 25.00° | 64.18° | 51.44° | 37.33° | 37.43° | 24.55 | 23.52°
L.S.D. at 5% 015 | 011 | 245 | 1.73 | 8.73 8.48 6.19 2.59 3.73 3.13 2.12 2.22

$00Z ‘Aew ‘(5) 0¢ “Atup einosuel ‘19§ ouby



Table (3): Effect of cultivar and plant material on number of tubers/plant, total yield/plant, total yield/plot and
dry matter % of Jerusalem artichoke at 180 days after planting during the two seasons 2003 and 2004.

0L92

Character|{ No. of tuber/plant | Total yield/plant (Kg) [ Total yield/plot (Kg} Dry matter (Vo! _
15 2" 1‘¥ = 2Fs_g 1% M 15'1 2

Comparisons season season sSeason season s5eason season season season
Cultivar
Fuseau 72.47% 71.47* 5.28" 5.40" 162.27* | 163.25" | 2887" 27.85"
Local | 59.73° 68.47" 3.84° 3.43° 117.98° | 107.25° | 24.88" 24.52°
L.S.D. at 5% 11.86 NS | 074 0.91 27.08 34.07 N.S. 1.97
Planting material
Tubers 68.47" 75.30% 463" 4.45" 141.90* | 136.26" | 27.35" 26.63"
Seedlings 63.73% 64.64" 4.53" 437" 138.35% | 134.23% | 26.40" 26.73
L.S.D. at 5% N.S. NS, | NS N.S. N.S. N.S. N.S. N.S.
Interaction 1
Fuseau
Tubers 74.63" 76.67" 573" 5.97% 170.40" | 187.34" | 29.27* 28.13"
Seedlings 70.30" 73.93% 4.82° 448" | 154.13"° | 139.15° | 2847 | 27.57"
Local
Tubers 62.30" | 66.27" 4.45° 4.08° 12967% | 120.32% | 2543°® | 2513®
Seedlings - 57.17° 63.01* 3.33¢ 2.78° 106.30° | 85.18° 24.33° 23.90°
L.S.D. at 5% 8.59 NS, 0.42 1.18 20.80 40.52 1.69 1.92
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Seedlings of Fuseau cultivar and tuber seeds of the Local one lay in between.
These results were true in the two growing seasons.

From the same table using tubers as planting materials produced
plants had tubers with the highest DM contents, but without significant
differences. Swanton and cavers {1986) obtained similar resulls.

The interaction between cultivar x planting material show that there
were significant differences between the used treatments, using tuber seeds
of Fuseau cultivar was superior to the other while seediings of the Local
cultivar had the lowest values.

Effect of harvesting date on tuber characteristics:

it is evident from the data illustrated in Fig (1and 2) that the number of
tubers/plant increased gradually as the growing season extend and this
increment reached its maximum count at 180 days after planting in the two
seasons. The increment in the tubers number/plant was superior when
Fuseau cuitivar and tuber seeds were in comparison with the Local cultivar
and also when seedling was used as planting materials, these were found
during the three harvesting dates (Soja ef a/, 1990 and El-Sharkawy, 1998).

Data illustrated in Fig (3) show that the highest fresh yield/plant was
obtained after180 days from the pianting date, while the lowest ones was
produced when the tubers were harvested after 120 days only. Significantly
Fuseau cultivar gave the highest fresh tuber yieid/ptant in both seasons at the
three harvesting dates compared with Local ones (except harvesting after120
days in the first season). Hang and Giliitand (1982) and Soja et al (1990)
came to a similar conciusion.

Conceming the effect of planting materials on the average fresh
weight of tubers/plant Fig (4) indicate that using Jerusalem artichoke tubers
as planting materials gave plants had minor nonsignificant differences than
using seedlings in propagation at all harvesting dates in the two growing
Seasons.

From Fig (3 and 4) there were gradua! increases in the tubers fresh
weight/plant with delaying the harvesting date from 120 days to 150 days and
to180 days, respectively.

The effect of harvesting date, cultivar and planting materials on total
yieid of fresh tubers per plot during the two growing seasons were shown in
Fig (5 and 6). Data illustrated in Fig (5) show that Jerusalem artichoke totai
yield (kg/plot} increased with increasing the plant age till 180 days in both
seasons (Soja et al, 1990 and McLaurin et al, 1999). The increment of
photosynthesis and the transplantation of the reserves from stems and leaves
to store in the tubers still continuously till the last harvesting date which result
in more increment in tre tubers yield gradually till the dryness of the plant tops
at low temperature in December. In the same manner, Hang and Giliiland
(1982) found that tuber yields were similar in plots harvested on 3 December
(1980} and at 26 February (1981).

Data illustrated in Fig (5 and 6) clearly show that Fuseau cultivar and
using tuber of Jerusalem artichoke as planting materiai were resuiting in more
increment during all harvesting dates than the other used cultivar and planting
material (Soja et af, 1990).
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Fig. (1): Effect of cultivars on No. of tubers / plant harvested at 120, 150
and 180 days after planting during 2003 and 2004 seasons.
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Fig. (2):Effect of planting materials on No. of tubers /plant harvested at
120, 150 and 180 days after planting during 2003 and 2004
seasons.

Differences in dry matter content of produced tubers are illustrated in
Fig (7 and 8). Higher percentage of DM was significantly obtained from
Fuseau cultivar comparing with the Local ones. No significant differences in
the first season.

Fig (7 and 8) illustrated the data of Jerusalem artichoke tuber dry
matter content which show gradual increase with increasing the age of the
plants and reached its maximum level after 180 days of planting. The
translocation of carbohydrates from the vegetative growth te the tubers
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resulting in more increment in dry matter content of the tubers specially in the
period from 120 days to 180 days of the two growing seasons. These results

coincided with
McLaurin et al

the work of Hang and Gilliland (1982); Soja et af (1990) and
(1999).
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Fig. (3): Effect of cultivars on fresh weight of tubers per plant harvested
at 120, 150 and 180 days after planting during 2003 and 2004
seasons.
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Fig. (4):Effect of planting materials on fresh weight of tubers per plant
harvested at 120, 150 and 180 days after planting during 2003
and 2004 seasons.
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Fig. (5): Effect of cultivars on total yield per plot (25 m?) harvested at
120, 150 and 180 days after planting during 2003 and 2004
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Fig. {6): Effect of planting materials on total yield per plot (25 m?)
harvested at 120, 150 and 180 days after planting during 2003
and 2004 seasons.
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Fig. (7):Effect of cultivars on dry matter percentage harvested at 120,
150 and 180 days after planting during 2003 and 2004 seasons.
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Fig. (8):Effect of planting materials on dry matter percentage harvested
at 120, 150 and 180 days after planting during 2003 and 2004
seasons.

Using Fuseau cultivar and the tuber as seeds are consider the best
as compared with Local cultivar and the seedlings as plant material as shown
in Fig (7 and 8) after 120, 150 and 180 days of planting date.

Chemical analysis of Jerusalem artichoke:

Chemical composition of Jerusalem artichoke tuber powder as
percentage on dry weight are shown in Table (4). Data shown that the Local
cultivar was superior in both protein, fructose and glucose contents, while
Fuseau cultivar contained the highest content of the rest components such as
ash, crude fiber, inulin, calcium and phosphorous. These results are in
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harmony with those obtained by Kosaric et al (1984), Bishay (1998) and Abd
El-Lateef (2000).

Tabie (4): Chemical composition of Jerusalem artichoke tuber powder

__{as % on dry basis).
Protein Ash c;;::r Inulin Fructos{Glucos% CalciumPhosphorus
Cultiv % mg/100mg

Fuseau| 8.26 [6.82 592 |73.50, 2.73 1.12 | 7211 391.32
Local 9.91 {6.61) 6§23 |68.24] 3.51 1.61 | 68.21 370.55

Sensory evaluation of pan bread:

Sensory characteristics of pan bread supplemented with Fuseau and
Local cultivars of Jerusalem artichoke powder at 5, 10 and 15% levels are
presented in Table (5). The results of sensory characteristics (appearance,
crust color, crumb color, brightness, crumb texture, softness, odor, eating
quality and overall acceptability score), indicated that there were differences
between loaves characteristics scores made of the two cultivars, except crust
color and eating quality which significantly differ.

Adding Jerusalem artichoke powder (as inulin source) to bread, Local
or Fuseau cultivars at 5, 10 and 15% levels improved pan bread
characteristics to be more useful to human health by increasing the hardness
of bone and reduced blood sugars. These acceptable with produced bread
due to the presence of inulin {Silva, 1996 and Roberfroid, 1993).

Data in Table (6) show the effect of interaction between the
supplementation material of the two (Jerusalem artichoke powder) and their
addition- percentages on pan bread with characteristics scores. Adding
Fuseau cultivar with different levels gave pan bread high scores as compared -
with every level of Local cultivar. Bread made of wheat flour produced loaves
with lowest scores as compared with loaves contained 5% of Jerusalem
artichoke powder of the two cultivars. The highest bread scores were obtained
from loaves their formulas contained 5% followed by 10% of Jerusalem
artichoke powder. Data indicate the superiority of the characteristic scores of
the pan bread were found when wheat flour supplemented with 5% and 10%
of the two Jerusalem artichoke cultivars, while adding 15% of Fuseau and
local Jerusalem artichoke powder had the lowest scores. This means that
inulin and oligofructose that composed Jerusalem artichoke powder were
important materials in improving pan bread characteristics. These results are
in harmony with those obtained by O'Brien et af {2003) who found that wheat
bread containing inufin at 2-5% resulted in the highest quality bread. Fuchs
{1993) obtained similar results.

These resuits are in agreement with those obtained by Frank (2002)
who found that inulin and oligofructose may significantly improve organoleptic
characteristics. Their incorporation allows upgrading of both tastes and
mouthfeel in a wide range of food applications. In general, in each parameter
there were significant differences between the used supplementing materials.
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Table (5): Effect of cultivar of Jerusalem artichoke on the characteristics of pan bread supplemented with their

_chpov‘ders.
araclel | appear-| Crust| Crust | Crumb | . Crumb Eating | Total
agce color | character | color Brlg(:g;ess texture Sogr:)e);ss (::l:)r qualits; scores
Cultivar (10) {10) {10) (10) (10) (15) (100)
Fuseau 9.34 9.22 9.50 9.31 9.13 9.38 9.31 1413 | 14.09 93.41
Local 8.28 8.06 8.66. 8.16 7.78 8.31 8.28 13.28} 13.44 84.25
L.S.D. at 5% 0.88 0.44 0.92 0.47 0.91 0.47 0.38 0.70 0.97 3.61
Table (6); Sensory characteristics of pan bread supplemented with Jerusalem artichoke powder at different
levels. o
S Character Appear-| Crust| Crust | Crumb Crumb Eating | Total
& ance | color character color Brightness texture softness| odor uality | scores
S [Treatme (10) (10) | (15) | QU2AY
S llevel) (10) {10) (10) (10) {10) {15) (100)
3 Zero B.25 8.00 9.00 9.25 9.25 8.75 8.63 | 13.13| 14.00 | 8825
=2 5 10.00 9.88 10.00 | 10.00 9.63 10.00 988 | 14.63| 1433 | 98.38
=z 10 9.50 9.75 963 8.25 8.88 9.50 9.63 | 1450 1463 | 9525
15 8.63 8.25 B.63 8.00 8.00 8.25 8.25 | 13.75) 13.38 | 85.13
= Zero 8.25 8.00 9.00 9.25 9.25 8.75 863 | 13.13| 14.00 | 88.25
® 8 5 9.00 8.88 9.25 B.88 8.38 9.00 8.88 | 13.88( 14.00 | 90.13
- 10 8.63 8.50 8.50 7.88 7.38 8.38 838 | 13.88| 1350 | 8500
15 7.25 6.88 7.88 6.63 6.13 7.13 725 |1225] 1225 | 7363
L.S.D. 5% 022 0.34 0.42 0.35 0.30 0.40 0.37 0.67 0.77 1.51
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Biological application:

The effect of different used diets on rats initial and final body weight,
body weight gain and daily body gain are presented in Table(7). It should be
noted that there were no significance difference between initial weights. There
were significant differences between the final body weight of the rats fed on
the six used diets. All groups of diets significantly increased the final body
weight of the tested rats, the highest increment was found in rats fed on basal
diet followed with rats fed on 2 and 4 group of diets, while the rats fed on diets
3 and § followed by group1 (diet 1) obtained the lowest final body weight.
Body weight gain and daily body weight gain followed the same trend.

Table (7): Body weight (initial and final), body weight gain and daily
weight body gain of rats fed on the different tested diets.

(Means £ SD)
Body w:iet ((:g:st;?) Group 1 | Group 2|Group 3 Group 4| Group 5 L.Ss.E/ﬂ. at

Initiat body | 89.88| 904t 89.4% | B96+t| 914% 92.6%

weight 3311| 9851 | 10.461 | 10.707{ 10461 | 10.707 N.S.

Final body |269.0+ 195.0+ | 221.8+|210.0| 2158+ | 2072+ 3147
weight 30.063; 4.050 | 32307 | 5.441| 20.760 | 10.068

Body weight | 179.2+] 104.6% | 132.8+ | 1204+ 124.4: | 114.6% 3042
gain 29.963| 12.800 | 29.363 | 7.736 | 13.063 | 9.478

Daily body | 3.66+| 213t | 2.71: | 247+ | 254¢ 2.341 061
weightgain | 0.611| 0.263 | 0.597 | 0.158 1 0.267 0.193

This may be due to. that inulin like, fiber and which_aiso gave low
calories and the absence of inulinase enzyme in the small intestine which
enable to spiit the B(1-2). Similar conclusion was obtained by Roberfroid et af
(2002) which found that the body weight gain of rats fed on diets containing
10% inulin was lower 5-7% than that of the ¢ontrol rats.

Data in Table (8) show the effect of feeding rats on Jerusalem
artichoke powder only or plus Ca on bone length and thickness of the
experimental animals as compared with rats fed on basal diet with or without
Ca. The length of tibia and the thickness of tibia and joint were in the lowest
levels in rats fed on basal (control} diets with or without Ca, while these parts
were in the highest levels in rats fed on the two Jerusalem artichoke cultivars
supplemented with Ca followed by feeding the rats on the two Jerusalem
artichoke cultivars only. Fuseau cultivar was the superior ones. These
differences in significant order (Coudray ef al, 1997; Ohta et al, 1997 and
Scholz-Ahrens and Schrezenmier, 2002). Using Fuseau and Local cultivars
plus Ca as feeding diets increased the length and the thickness of femur of
the experimental rats as compared with the other diets. The lowest levels
were obtained in rats fed on Local Jerusalem artichoke cultivar followed by
{control} basal.

2678



J. Agric. Sci. Mansoura Univ., 30 (5), May, 2005

Table (8): Physical dimensions of femur, tibia and joint of rats fed on the
different tested diets. {(Means t SD)

Bone Diet Control | Group | Group | Group | Group | Group | L.8.D.
dimension (Basal) 1 2 3 4 5 at 5%
Thickness of| 0.324t | 0.334%| 0.282+| 0.378%| 0.344+ | 0.390+ 0.042
femur 0.082 0.034 | 0.013 | 0.012 | 0.034 | 0.011
Length of | 2886+ | 3.268%| 3.244%) 3.328+| 3.268+| 3.372: 0.078
femur 0.100 0.048 | 0.085 | 0.054 | 0.065 | 0.033
Thickness of| 6118t | 7.214%| 7.098%( 7.232%! 7.194+| 7272+ 0.284
joint 0.183 0.323 | 0428 | 0074 | 0.429 | 0.079
Thickness of| 0.208+ | 0.246+! 0230+ 0.268+ | (0.240+ | 0.272+ 0,023
tibia 0.008 0.008 | 0.019 | 0.015 | 0.014 | 0.017
Length of tibia 3.422+ | 3820+ | 3.800+| 3.874t | 3.816%| 3.8098+ 0.086
0.052 0.046 | 0.117 | 0.047 | 0.048 | 0.046

Generally, it may be canciuded that length and thickness of tibia,
femur and joint of the experimental rats tended to increase with feeding
Jerusalem artichcke powder (two cultivars) with or without Ca addition, then
improved the rats health. All these results may be due to the presence of
inulin and oligofructose in the form of useful material for human heaith. The
stimulating effect of inulin diet leads acids and short-chain fatty acids to
produce by luminal bacteria from inulin. Organic acids lowered the pH and
raised the solubility of calcium, magnesnum and phosphorus (Ohta et al,
1995a and Cummings et al, 2004).

The results of serum calcium and phesphorus contents of-rats fed on
the different studied diets are shown in Table (9). With respect to serum
calcium, the data reveai that serum Ca levels on all used diets were in the
normal range (10.23 to 11.62 mg/100ml). Miller (1989} mentioned that serum
Ca levets ranged between 6-12mg/100ml, this is probably because a very
efficient homeostatic mechanism keeps the serum Ca levels within the normal
range. The highest Ca levels were in serum of rats fed on Jerusalem
artichoke cuitivar Fuseau only or with the addition of Ca (11.49 and
11.62mg/100mi, respectively), followed by the Local cultivar of Jerusalem
artichoke without or with Ca addition as a diet. Fed on basal diet resulted in
lowest level of serum Ca followed by rats fed on basal diet plus Ca. the
presence of inulin and oligofructose of Jerusalem artichoke improve the
components of rats' serum. There are significant differences between control
{basal) diet and all used diets in this respect.

Regarding phosphorus level, the obtained data showed significant
differences between rats fed on basal diet and all the used diets except when
the rats fed on diet containing basal diet + Ca. Adding calcium to the diets of
Local or Fuseau Jerusalem artichocke were the superior. Level of phosphorus
increased from 4.13 and /or 3.70 mg/100d! to 4.17 and 4.21mg/dl of blood
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serum when rats fed on Local and Fuseau Jerusalem artichoke only and plus
Ca, respectively. The increment of phosphorus was in high rate when feeding
rats on Fuseau Jerusalem artichoke. The lowest level of phosphorus was in
rats fed on basal diet followed by which fed on basal diet + calcium without
significant differences. From the previous resuits, it could be suggested that
the used Jerusalem artichoke powder only or with calcium appeared to have
significant effect {improve) on the level of calcium and phosphorus in blood
serum.

Table (9): Effect of different of diets of Jerusalem artichoke on calcium
of (serum and bone), phosphorus and ash of used rats.

{Means + SD)

Control | Group | Group| Group | Group | Group|{ L.S.D.

(Basal) | 1 2 3 4 5 | at5%
Calcium in| 1023+ | 10.83+| 10.56+| 10.89+| 11.49+ ) 11.62¢ 0.32
serum {mg/dl) | 0.02 014 | 025 | 009 | 033 | 0.28 '
Phosphorus in| 3.57% 369+ | 413 | 417+ ) 370t | 4.21x 0.47
serum (mg/dl) 0.56 0.34 0.34 0.18 0.25 0.19 '
Calcium in| 14687+ | 1949+ | 1842+ 20.96+; 19.65+[ 21.35¢ 0.95
bhone (%) 0.43 0.79 0.73 0.51 0.48 0.58 '
Ash of bone| 41.38t | 46.72+| 49.68+4| 51.30+] 50.24%; 52.401 328
(%) 2.72 325 | 295 | 134 | 223 | 092 ’ |

About 98% of total body calcium is present in bone and bone calcium
- content has variously been used as an index. of the body's calcium status. In

. Table (9) caicium percentage of the bone of rats fed on basal diet was in the

lower rats as compared with rats fed on diets had more calcium or that fed on
Jerusalem artichoke (the two cultivars) with or without calcium this may be
due to the presence of inulin and oligofructose which improve bone, serum
and health of experimental animals as feeding on inulin significantly
decreased Type | collagen cross-liked excretion. The reduction in cross-link
excretion as well as increased retention of calcium in the bones lead to
increased bone mineral content and bone density as measured using bone
(Kruger et a/, 2003). Fuseau cultivar only or plus calcium were the superior.
The percentage of ash of bone follows the same trend, the bone of rats which
fed on Fuseau cultivar with or without calcium were in the higher levels while
that fed on basal diet was in the lower ones. The rats fed on Local cultivar
only or with calcium were in between. These results are in agreement with
those obtained by Ohta et al {1995a) and Cummings et af (2004)

Conclusion

The tuber as a planting material of the two cultivars gave the highest
yield and best characters as compared with seedling ones, but in general
these results did not reach the significant level. The tubers gave losses about
40% (decay, shrinkage and injury) during their storage until planting. Thus,
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the use of seedling of Jerusalem artichoke is the best because of their low
-production cost, easy propagation and early vielding.

The use of Jerusalem artichoke powder which contained more of
inulin, minerals and fructose contents, has a useful effect on human health
due to increase calcium absorption which reflected in healthy and increase
calcium content of bone. Then the use of Jerusalem artichoke as
supplemented material to bakery products is required for people in Egypt.
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