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Abstract: Minimized carbohydrate and maximized protein were obtained in pasta by washing wheat
flour (72% extraction) to obtain concentrated gluten and replacing removed starch with Jerusalem
artichoke flour (JAF) or Jerusalem artichoke inulin extract (JAI) that contains undigested carbohydrate.
Composed flour of JAF or JAI at four levels (10, 20, 30 and 40%) was used to prepare pasta. The
quality of wheat flour, composed flours and the obtained pasta were evaluated chemically, physically,
rheologically, and sensorial. JAF pasta characterized with its higher minerals. Cooking quality of
blended pasta with JAF or JAI showed that, the volume of cooked pasta increased as the level of JAF
or JAI increased. Also, the same trend was observed in sensory evaluation of cooked pasta, where
increasing the level of JAF up to 30% associated with increasing its appearance, color, taste,
tenderness and stickiness scores to be 9.36, 8.79, 8.56, 7.72 and 7.30, respectively.

Key words: Low calories pasta - Functional food - Jerusalem artichoke flour - Inulin - Rheological
properties - Cooking quality.

INTRODUCTION

The human digestive tract does not contain enzymes able to degraded fructans. Inulin and oligofructose
belong to class of carbohydrate known as fructan that can be used as functional food ingredients able to reduce
the risk of many diseases, i.e. lowering blood cholesterol level, reduces blood sugar level (Letexier et al.,
2003). Jerusalem artichoke (Helianthus tuberosus L.) can serve as an alternative source of carbohydrate and
contain higher percentage of inulin (14-15%) (Patkai and Barta, 2002). Jerusalem artichoke tuber (JAT)
contains 79.8% water, 16.6% carbohydrate, 1% protein, 16.6% crude fiber and 2.8% ash (Jilu et al., 2003),
and the mineral contents of P, Ca, Mg and K are  1.4, 19.3, 2.7 and 15.2 g/Kg-1 respectively Seiler and
Campbell (2004). Furthermore, El-Hofi (2005) showed that, Jerusalem artichoke powder had higher content of
crude protein (8.26%), crude fiber (5.92%), ash (6.82%) and inulin (73.50%) as percentage of dry basis. Due
to high nutritive value and proportion of fructans  and low content of nitrates, flour of Jerusalem artichoke
tubers may be fully utilized as functional food (Cieslik and Filipiak-Floriewicz, 2002). Also, Cieslik et al.
(2005) found that, Jerusalem artichoke flour contains protein 7.4, sucrose 15, dietary fiber 15.4, ash 7.2 and
fructan (inulin) 44.1 g/100; and Shene et al., 2003 stated that, Jerusalem artichoke and chicory tubers
accumulate fructans, non-digestable fiber, which is of interest as a functional food. Therefore, Jilu et al. (2003)
recommended using Jerusalem artichoke products (including powders, juices, inulin, fructose and
fructo-oligosaccharides) in food industry. Roberfroid, 2000 reported that, since inulin is hard to digest for
human, it functions as dietary fiber. So, dietary inulins are ideal ingredient as bulking agent, increasing stool
frequency (Denltond et al., 2000) and with hypolipidemic fanctions (Kim and Shin, 1998). 

Inulin hydrolyses to fructose is better tolerated by diabetics; additionally, it is a more intensive sweetener
than sucrose and glucose. Inulin and Oligofructose belong to class of carbohydrates known as fructans. They
affect physiological and biochemical processes in rats and human beings, resulting in better health and
reduction in the risk of many diseases, i.e. lower levels of blood cholesterol, blood sugar, low density
lipoproteins, and triglycerides, moreover, promotes bifidobacteria in the large intestine, and are beneficial to
certain heart diseases as reported by other studies (Varlamova et al., 1996; Michael et al., 1999; Kaur and
Gupta, 2002 and Letexier et al., 2003). Inulin and oligofructose may significantly improve organoleptic
characteristics. Their incorporation allows upgrading of both taste and mouth feels in a wide range of food
applications (Silver and Brinks, 2000 and Lopez et al., 2005). Inulin has a bland neutral taste without any off-
flavor or aftertaste (Franck, 2002). Praznik et al. (2002) used tubers powders from Jerusalem artichoke to be
applied in bakery products, particularly in wheat-rye bread. 
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This study showed that, Jerusalem artichoke bread was higher in organoleptic quality, and during bakery
process the loss of fructans (inulin) hydrolysis to fructose was occurred depends on its initial degree of
polymerization.

In order to develop low calorie noodles, flours of Jerusalem artichoke and strong wheat were mixed at
ratios of 25:75; 30:70 and 35:65. Substitution of wheat flour with Jerusalem artichoke meal up to 25%
produced good quality noodles similar to quality of those produced by wheat flour alone (Shin et al., 1999).
Also, Sinyavskaya et al. (2003) found the possibility of using Jerusalem artichoke powder in bread and
cookies. Also, they obtained new types of rye and wheat breads containing 3% Jerusalem artichoke powder,
which was characterized by its higher  contents of protein, fat, fiber, minerals and vitamins; and it was suitable
for dietetic and therapeutic nutrition. 

MATERIALS AND METHODS

Materials:
Hard wheat flour (72%extraction) was purchased from the Egyptian local market (Giza). Jerusalem tuber

artichoke was purchased from the Agricultural Research Centre, Dokki, Cairo, Egypt.

Methods:
Preparation of Jerusalem Artichoke Flour (JAF): 

Jerusalem artichoke tubers were washed and sliced to approximately 1 mm using Braun slicer machine
(CombiMax 700), then soaked in diluted lemon juice (acidic solution) to inhibit the activity of polyphenol
oxidase as recommended by Tchone et al. (2005). The obtained acidified slices of JAF transferred directly to
an electric oven with fan and dried at 50ºC for 12 hrs, then ground and sieved to fine particles similar to that
of wheat flour (20 mesh sieve). Finally, the obtained flour of Jerusalem artichoke tubers packed and sealed
in polyethylene bags. The package of JAF stored at room temperature in a dry place to avoid moisture
absorption as recommended by Modler et al. (1993).

Preparation of Jerusalem Artichoke Inulin (JAI):
Inulin was extracted from Jerusalem artichoke tubers using two different methods, i.e. traditional method

(using hot water), and modified method (using carrot juicer extractor) as follows: 

First Method: 
About 1 kg of fresh Jerusalem artichoke tubers blended at high speed with five fold excess of hot water

(70ºC) in a warring blender. The blended mixture was allowed to stirring for 60 min. at (70ºC) using magnetic
stirrer at a constant stirring. The obtained extract filtered, and the residue was re-extracted. The collected
filtrate treated with active charcoal to adsorb mono- and disaccharides, then dried at 50ºC for 8 hrs in an
electric oven with fan.

Second Method: 
Jerusalem artichoke tubers washed and cut into small pieces. Jerusalem artichoke juice (Inulin) extracted

directly using carrot juicer extractor (Sanyo SJ-300E). The extract received and agitated for few minutes in
a beaker containing sodium meta-bisulphate (less than 0.5%), then subjected directly for drying in an electric
oven with fan at 50ºC for 8 hrs.
 
Preparation of Low Carbohydrate High Protein Pasta:

Pasta samples were prepared in the Food Technology Department, National Research Centre, Cairo, Egypt.
Wheat dough was washed to remove starch (the most digestible carbohydrates) to obtain concentrated gluten
from wheat flour according to the method of AACC (2000). The obtained washed flour (gluten) mixed
separately with Jerusalem artichoke flour and inulin extract powder at levels 10, 20, 30 and 40%. The mixing
time was 4-6 min. at 30 rpm under vacuum (35 cm Hg). Pasta hydrated for 15 min under atmospheric air by
using Pasta Matic 1000 (Simac Machine Corporation, Milano, Italy), then dried (in cabinet dryer at 40ºC for
14 hrs), cooled (at room temperature), packed in polyethylene bags and kept at room temperature for analysis.

Analytical Methods:
Moisture, protein, fat, ash and fiber of the raw materials and its products were determined according to

the methods described by the AOAC (2000). 
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Total carbohydrate s was calculated by difference. Minerals contents (calcium, magnesium, sodium,
potassium, cupper, zinc and iron) of Jerusalem artichoke flour, and wheat flour were determined using Perkin
Elmer 2380 Atomic Absorption according to the method of AOAC (2000). Inulin contents (g/100g) of
Jerusalem artichoke tuber, Jerusalem artichoke flour and inulin extract powder were determined according to
AOAC (2000). 

Cooking quality of Pasta was carried out by measuring the increases in weight, volume and cooking loss
after cooking according the methods of AACC (2000). Color quality of pasta was evaluated by using a
spectro-colorimeter (tristimulus color machine) with CIE lab color scale (Hunter, Lab Scan XE, Reston VA.)
calibrated with a white standard tile of Hunter Lab color standard (LX No. 16379) x = 77.26, y = 81.94 and
z = 88.14 (L* = 92.43, a* = -0.88, b* = 0.21). Color difference (ªE) was calculated from a, b and L
parameters, using Hunter-Scotfield's equation (Hunter, 1975) as follows:

ªE = (ª a2 + ª b2 + ª L2)½

Where a = a - ao, b = b - bo and L = L - Lo.

Subscript (o) indicates color of the control. Hue angle (tan-1 b/a) and saturation index (a2 + b2) ½ were
also calculated. Sensory evaluation of the Pasta samples was carried out as described by Shogren et al. (2006).
The obtained results were evaluated statistically using analysis of variance as reported by McClave and Benson
(1991).

RESULTS AND DISCUSSION

The tuber of Jerusalem artichoke can serve as an alternative source of carbohydrate. Moreover, it
characterized with its high inulin content instead of starch that represent undigested carbohydrate. Inulin
extraction method of Jerusalem artichoke was evaluated using two different methods, i.e. traditional method
(using hot water), and simple modified method (using carrot juicer extractor). Table (1) indicated that the yield
of inulin extracted powder (JAI) of traditional method was 11.24%, while modified method of extraction
increased JAI to 12.18%. On other ward, the efficiency of traditional method to extract inulin was 82.67%,
while it was 89.54% in modified method. The first impression consumers have of any food product is its color,
so color characteristics of wheat flour (WF), JAF and JAI of the two method of extraction were evaluated and
presented in Table (2). The obtained results showed that, WF characterized with its higher lightness (L=90.58)
and lower redness (a=0.92). While JAF had the lowest lightness (L=47.63), highest redness (a=21.50) and
yellowness was decreased slightly (b=8.14). But, JAI showed an increment in lightness (L), yellowness (b);
and a decrement in redness (a). It was found also that, the color of JAI affected with the method of extraction,
where JAI of modified method increased its lightness (L) and redness (a) to 83.05 and 9.57, respectively, while
JAI of traditional method had lower lightness (L=74.84) and higher redness (a=11.32), could be attributed to
using hot water during extracting inulin of the traditional method. So, JAI of modified method was selected
instead of JAI of traditional method to use it as a supplemented material in pasta product of this investigation.

Jerusalem artichoke flour (JAF) prepared and compared chemically with wheat flour (WF). Table (3)
showed that, there was no significant difference between total carbohydrate of WF (80.16%) and JAF (81.49%)
on dry weight basis. Furthermore, JAF characterized with its higher amounts of inulin (74.79 %), while inulin
not detected in WF. Also, JAF contained higher percent of crude fiber (5.88%) and ash (6.64%), while they
were 2.56 and 1.79% in WF, respectively. On the other hand, WF contained higher percent of protein (13.59%)
than JAF (5.47%). The obtained results were in agreements and within the range found by Shalaby (2000) who
found that JAF contained 85.78% total carbohydrates, 71.78% inulin, 7.4% protein, 0.72 ether extract, 9.82%
crude fiber and 5.53% ash.

JAF contains considerable amount of minerals. A comparison between the mineral composition of the JAF
and WF is given in Table (4). The levels of each component were higher in JAF than WF in most cases with
the exception of magnesium, cupper and zinc. JAF characterized with its higher percentage of calcium,
potassium and iron to reach 82.74, 249.36, and 5.89 mg/100gm, respectively. The increased level of iron gives
JAF significance for the prevention of anaemia in livestock as recommended by Kosaric et al (1984). 

In order to develop low carbohydrate high protein pasta, mixing properties of wheat flour that washed and
supplemented with JAF or JAI was evaluated; and compared with WF (control). Table (5) showed that, water
absorption of WF (control) was 63.6%, while JAF decreased slightly at supplementation levels 10, 20, 30 and
40% to 58.7, 54.5, 50.8 and 47.4%, respectively. 
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The same trend was found also in case of using JAI at the same levels of supplementation. These
gradually decreases in water absorption that associated with increasing the level of JAF replacement could be
due to decrease the percentage of protein in dough, where it was 5.47% in JAF while it was 13.59% in WF
(control), and also JAF have inulin instead of starch (0% starch), where pasting properties of WF are generally
correlated to starch and protein. This decrease in water absorption was in agreement with those found by Wang
et al. (2002) and ÓBrien et al. (2003). Also, Rouillé et al. (2005) stated that, the influence on water absorption
was higher for short-chain than long-chain inulin probably due to a lubricating effect of sugars and
oligosaccharides. Furthermore, Peressini and Sensidoni, (2009) found that, the extent of the decrease varied
widely with the type of inulin.

Time required for water absorption (Arrival time) were getting higher as a result of increment in JAF
supplementation level, where it increased from 1.25 min in control sample to 1.4, 1.6, 1.9 and 2.5 min in JAF
ratio at 10, 20, 30 and 40 %, respectively. The same trend was also observed in case of supplementation
washed wheat flour with JAI.

Time required for dough development, or to reach a dough consistency equivalent to 500 BU, increased
as a supplementation level of JAF increased, where it increased from 1.5 min. in control dough to 1.7, 2.9,
4.4 and 6.2 min. in dough supplemented with 10, 20, 30 and 40% JAF, respectively. The same trend was
observed in JAI supplemented dough at different levels of supplementations. An increase in the dough
development time indicates that, a higher level of JAF or JAI in the dough slowed the hydration rate and
gluten development. Similar results on the effect of inulin addition on dough development time were observed
by Peressini and Sensidoni, (2009). 

Dough stability was affected by increasing supplementation level of JAF, where it was 12.75 min. in
control dough, then decreased as the supplementation level increased to 10.5, 8.7, 6.3 and 3.6 min at levels
10, 20, 30 and 40%, respectively. The same trend was found also in JAI supplemented dough, where dough
stability decreased to 11.2, 9.0, 6.8 and 3.8 min at supplementation levels 10, 20, 30 and 40%, respectively.
Peressini and Sensidoni (2009) stated that, upon addition of fiber or inulin to wheat flours significant increase
in mixing stability was recorded, and his results were in agreement with Wang et al. (2002). But in our study
the stability of supplemented dough with JAF or JAI were decreased. Such decreasing in stability could be due
to washing flour and supplementing level of JAF or JAI, on the other ward, supplemented dough of JAF or
JAI decreased (diluted) protein content, consequently dough stability decrease.

Mixing tolerance index and dough weakening of tested dough blends were determined to predict tolerance
to over-mixing. The obtained data (Table 4) showed that, mixing tolerance index and dough weakening of JAF
or JAI blends decreased as supplement level increased. This result indicates that increasing the level of JAF
or JAI supplementation has increased the tolerance of dough for over-mixing and dough consistency.  These
results may be due to the interaction between fibrous materials (JAF or JAI) and gluten, which affects the
dough mixing properties as reported by Chen et al. (1988).

The effect of JAF or JAI supplement level on dough performance was evaluated also using Extensograph
test. The extensograph determines the resistance and extensibility of dough. Extensibility indicates the amount
of elasticity in the dough and its ability to stretch without breaking. Table (6) showed that, wheat dough
(control) had the higher extensibility (135 mm) and resistance to extension (780 BU), while washing dough
and increasing supplementation ratio of JAF, both extensibility and resistance to extension decreased and
ranged between (102 - 54 mm) and (710 - 755 BU), respectively. The proportional numbers (R/E) for all
replaced dough of JAF or JAI were higher than that of control sample. The same trend was observed also in
supplemented dough with different level of JAI. Also, dough energy decreased as JAF or JAI increased. That
effect could be due to JAF or JAI which dilutes gluten in flour dough. These results agreed with Ramadan
(1999) who reported that, the presence of fiber in wheat flour dough led to adverse effects in dough
characteristics.

Table (7) compared the gross chemical composition of control pasta (100% WF) and pasta of washed
wheat flour that supplemented with JAF or JAI. Protein and total carbohydrate of 100% WF Pasta were
12.43% and 85.11%, respectively. While, pasta samples of supplemented JAF at levels 10, 20, 30 and 40%
characterized with its higher protein and lower carbohydrate contents, where protein reached to 65.52, 63.11,
56.20 and 51.11%, respectively, and carbohydrate decreased to 21.11, 26.60, 32.10 and 36.04%, respectively.
Also, pasta sample supplemented with 10, 20, 30 and 40% JAI had a higher protein and lower carbohydrate
like the pasta samples that supplemented with JAF. Such increasing in protein and decreasing in total
carbohydrate contents attributed to washing wheat flour before adding JAF or JAI to minimize its carbohydrate
and maximize its protein contents.
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It could be noticed also that, as the concentration of JAF or JAI increased the percent of protein slightly
decreased and the percent of total carbohydrate (undigested carbohydrate) increased. Pasta that contains JAF
or JAI characterized with its higher content of crude fiber than control pasta (100%WF), where crude fiber
was 0.67% in control pasta, while it was 2.98, 3.59, 4.18 and 4.76% in past of JAF, and 2.50, 2.62, 2.73 and
2.80% in pasta of JAI at concentration levels 10, 20, 30 and 40%, respectively. Also, Pasta of JAF or JAI
characterized with its higher ash content than pasta of 100% WF, but ash of JAI pasta decreased slightly than
JAF pasta at different supplementation levels. 

A comparison between minerals content of 100% WF pasta and supplemented pasta with JAF or JAI at
different levels are clearly shown in Table (8). The obtained data indicated that, 100% WF pasta had calcium,
magnesium, potassium and cupper reached to 71.39, 150.30 and 173.29, respectively; and it contains iron, zinc,
sodium and cupper reached to 4.54, 3.67, 2.40, and 0.58 respectively, also, minerals content of JAI pasta was
in the same range of 100% WF pasta, and not affected with increasing its supplementation levels. While, JAF
pasta showed an enhancing level in minerals content as supplementation level increased, i.e. potassium
increased to 198.22, 223.12, 247.82 and 271.56 mg/100 gm at supplementation levels 10, 20, 30 and 40%,
respectively. The effects of JAF or JAI supplementation on the color parameters (L, a & b) of pasta were
evaluated and illustrated using radar with markers at each data point, which is more clearly to compare data
with each other. Radar line as shown in Figure (1) showed that, lightness (L) of supplemented JAF pasta were
decreased slightly if compared with control sample and as its supplementation level increased, where it was
85.49, 84.61, 83.92 and 82.54 at supplementation level 10, 20, 30 and 40%, respectively. While in case of
supplemented JAI pasta, lightness (L) were increased if compared with control sample (85.72%) and increased
gradually as supplementation level increased to 86.47, 87.13, 87.62 and 88.05 at 10, 20, 30 and 40%,
respectively. Radar line showed also the higher differences of lightness (L) between supplemented JAF and
JAI pasta at the same level of supplementation, i.e. lightness of supplemented JAF pasta reached to the lowest
value (82.54) at supplementation level 40% while lightness of supplemented JAI pasta reached to the highest
value (88.05) at the same level of supplementation. 

Data point of radar line (Fig 1) showed that redness (a) of control pasta (1.11) increased gradually to 1.73,
1.85, 1.97 and 2.10 if supplemented with JAF at levels of 10, 20, 30 and 40%, respectively, while it was
increased gradually but in a lower rate in supplemented JAI pasta at the same supplementation levels to 1.25,
1.38, 1.57 and 1.64, respectively. 

Data of Fig (1) showed that, the yellowness (b) of control pasta (12.63) increased gradually like redness
to 12.90, 13.14, 13.36 and 13.68 in supplemented JAF pasta and to 12.71, 12.85, 13.126 and 13.39 in
supplemented JAI pasta at levels of 10, 20, 30 and 40%, respectively. Data presented in Table (9) revealed
the effect of supplementing washed wheat flour with JAF or JAI on the cooking quality of pasta samples.
Regarding to changes in cooked weight, the weight of control sample (100% WF) increased to 312.95% after
cooking, while cooked weight of supplemented JAF pasta increased gradually if referred to cooked weight of
control sample to 6.27%, 12.04%, 16.79% and 23.44% at supplementation level 10%, 20%, 30% and 40%,
respectively. The same trend was also observed in case of supplementing wheat flour of pasta with JAI at the
same level of supplementation, where cooked weight of supplemented pasta increased gradually if referred to
cooked weight of control sample to 8.83%, 15.85%, 20.84% and 26.36%, respectively.

Concerning the changes in cooked volume of pasta samples, Table (9) showed that, the volume of cooked
control pasta sample increased to 306.49%, while supplemented JAF pasta at levels 10, 20, 30 and 40%
increased gradually if referred to volume of cooked control sample to 4.48%, 14.01%, 20.73% and 27.02%,
respectively. The same trend was also observed in case of supplemented JAI sample at the same level of
supplementation, where its cooked volume increased if referred to volume of cooked control sample to 10.94%,
16.53%, 24.47% and 31.29%, respectively. The obtained data showed also that, supplemented JAF or JAI pasta
samples characterized with its lower cooking loss if compared with control sample, and its cooking loss
decreased as supplementation level increased.

Sensory evaluation of cooked pasta that supplemented its washed wheat flour with JAF or JAI at different
level of supplementation graphically represented in Figure (2 and 3). Concerning appearance of cooked pasta,
the control sample had the lowest score value (8.83), while increasing supplementation level of JAF at 10, 20
and 30% associated with increasing its appearance score to 9.08, 9.24 and 9.36, respectively, then decreased
at supplementation level 40% to 8.93 where there was no significant difference between it and control sample.
The same trend was also observed in color, taste, tenderness and stickiness of cooked pasta samples, where
there score of control sample had the lowest score to reach 8.79, 8.56, 7.72 and 7.30, respectively, while
increasing supplementation level increased their score to maximize at score level 30%, where it was 9.40, 9.38,
9.05 and 8.87, respectively, then decreased at supplementation level 40%. 
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Finally, sensory evaluation revealed that, supplementing washed wheat flour with JAF at level 30%
maximized total score of pasta. The same trend was also found in case of using JAI instead of JAF to
supplement washed wheat of pasta at the same level of supplementation. Figure (3) showed that, pasta control
sample had the lowest appearance, color, taste, tenderness and stickiness, where its score value decreased to
8.83, 8.79, 8.56, 7.72 and 7.30, respectively, while increasing supplementation level associated with increasing
its score value gradually to maximize at supplementation level 30% to reach 9.68, 9.72, 9.80, 9.47 and 9.13.

Fig. 1: Effect of Jerusalem artichoke flour or Inulin replacement level on the color parameters of Pasta.
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Fig. 2: Sensory evaluation of pasta as affected by supplementing washed wheat flower with JAF at different
supplementation levels.

Fig. 3: Sensory evaluation of pasta as affected by supplementing washed wheat flower with JAI at different
supplementation levels.

Table 1: Effect of extraction method on the JAI yield.
Samples Yield of JAI (g/100g) Efficiency of JAI (%)
Inulin extract of traditional method 11.24 82.67
Inulin extract of modified method 12.18 89.54
Efficiency of JAI extraction = (Yield of JAI / JAI content) x (100) 

Table 2: Color characteristics of wheat flour, Jerusalem artichoke flour (JAF), inulin flour (IF) and inulin flour of modified extract
method (IFM).

Samples Color Characteristics
--------------------------------------------------------------------------------------------------------------------------------
L a b a/b Saturation Hue

Wheat flour (control) 90.58 0.92 9.16 0.100 9.21 84.26
JAF 47.63 21.50 8.14 2.64 22.99 20.74
JAI of traditional method 74.84 11.32 18.75 0.60 21.90 58.87
JAI of modified method 83.05 9.57 16.29 0.59 18.89 59.56

Table 3: Gross chemical components of JAF and WF on dry weight basis.
Chemical components JAF (%) Wheat flour (%)
Protein 5.47 c ± 1.43 13.59 a ± 1.09
Ether extract 0.52 b ± 028 1.90 a ± 0.37
Ash 6.64 a ± 1.09 1.79 b ± 1.14
Crude fiber 5.88 a ± 0.86 2.56 b 0.91
Total Carbohydrates 81.49 ± 1.38 80.16 ± 1.57
Inulin 74.79 a ± 1.61 N.D.
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Table 4: Minerals contents of Jerusalem artichoke flour and wheat flour mg/100gm (dry weight basis).
Minerals JAF (mg/100 g) WF (mg/100 g)
Calcium 82.74 41.76
Magnesium 34.25 87.92
Sodium 3.28 1.40
Potassium 249.36 101.38
Cupper 0.30 0.36
Zinc 1.12 2.15
Iron 5.89 2.66

Table 5: Influence of supplementing levels of JAF or JAI on the pasting properties of Pasta wheat dough.
Samples Water Arrival time Dough development Dough Mixing tolerance Dough weakening

absorption (%) (min) time (min) stability (min) index (B.U.) (B.U.)
Control 63.6 1.25 1.5 12.75 60 140

Wheat flour supplemented  with JAF at level:
10 % 58.7 1.4 1.7 10.5 40 55
20 % 54.5 1.6 2.9 8.7 30 65
30 % 50.8 1.9 4.4 6.3 25 80
40 % 47.4 2.5 6.2 3.6 20 90

Wheat flour supplemented  with JAI at level
10 % 59.2 1.5 1.9 11.2 50 60
20 % 56.6 1.8 3.2 9.0 35 75
30 % 52.5 2.1 5.3 6.8 30 95
40 % 49.9 2.8 7.6 3.8 25 110

Table 6: Effect of supplementation level of JAF or JAI on the extensograph characteristics of Pasta wheat dough.
Sample Extensibility (mm) Resistance to extension (BU) Proportional number D = R/E Dough energy (cm2)
Control 135 780 5.77 120

Wheat flour supplemented with JAF at level :
10 % 102 710 6.96 84
20 % 80 730 9.12 67
30 % 66 755 11.43 59
40 % 54 725 13.42 42

Wheat flour supplemented with JAI at level :
10 % 116 720 6.20 92
20 % 97 745 7.68 70
30 % 83 765 9.21 65
40 % 72 740 10.27 54

Table 7: Effect of supplementing washed wheat flour with different level of JAF or JAI on the gross chemical composition of pasta.
Pasta Protein Ether extract Ash Crud Fiber Total carbohydrate
Control 12.43e ± 0.64 094e ± 0.79 0.85d ± 0.11 0.67c ± 0.81 85.11a ± 0.90

Supplemented with JAF at levels:
10% 65.52a ± 0.35 2.28d ± 0.96 3.79c ± 0.41 2.98b ± 1.20 21.11g ± 1.06
20% 63.11b ± 0.52 2.32c ± 0.67 4.38b ± 0.80 3.59b ± 0.27 26.60f ± 1.18
30% 56.20c ± 0.49 2.39b ± 1.31 5.10a ± 0.92 4.18a ± 0.36 32.10d ± 0.71
40% 51.11c ± 1.14 2.41a ± 1.48 5.68a ± 0.21 4.76a ± 0.57 36.04d ± 1.23

Replaced with inulin at levels:
10% 63.64b ± 1.26 2.26d ± 1.30 3.32c ± 1.54 2.50bc ± 0.70 25.26f ± 0.39
20% 60.03bc ± 0.47 2.31cd ± 0.35 3.45c ± 0.60 2.62bc ± 1.39 32.59e ± 1.46
30% 53.25c ± 1.20 2.34c ± 1.09 3.51c ± 0.60 2.73bc ± 0.87 39.17c ± 1.24
40% 44.58d ± 0.75 2.38b ± 0.32 3.62c ± 0.94 2.80bc ± 0.16 46.52b ± 1.50

Table 8: Effect of supplementing washed wheat flour with different levels of JAF or JAI on the minerals content of pasta.
Pasta Calcium Magnesium Potassium Iron Zinc Sodium Cupper
100%WF 71.39 150.30 173.29 4.54 3.67 2.40 0.58

Supplemented with JAF at levels:
10% 79.65 153.71 198.22 5.13 3.77 2.73 0.63
20% 87.90 157.10 223.12 5.69 3.87 3.04 0.66
30% 96.18 160.49 247.82 6.28 3.95 3.35 0.69
40% 104.37 163.68 271.56 6.79 4.10 3.64 0.72

Supplemented with JAI at levels:
10% 71.56 150.49 173.52 4.60 3.71 2.46 0.60
20% 71.80 150.73 173.67 4.68 3.76 2.51 0.62
30% 72.11 150.96 173.89 4.75 3.81 2.60 0.63
40% 72.34 151.18 174.20 4.83 3.90 2.67 0.65
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Table 9: Cooking quality of supplemented JAF or JAI pasta. 
Pasta Samples Changes in cooked weight Changes in cooked volume Changes in cooked loss

---------------------------------------- --------------------------------------- -------------------------------------------
% Relative to % Relative to % Relative to 

control (%) control (%) control (%)
Control 312.95 --- 287.84 --- 6.52 ---

Pasta supplemented with JAF at level:
10 (%) 332.58 +  6.27 306.49 +   4.48 5.87 -  9.97
20 (%) 350.63 + 12.04 328.18 +  14.01 5.36 - 17.79
30 (%) 365.49 + 16.79 347.51 +  20.73 4.74 - 27.30
40 (%) 386.30 + 23.44 365.62 +  27.02 4.50 - 30.98

Pasta supplemented with JAI at level:
10 (%) 340.61 +   8.83 319.32 +  10.94 5.60 - 14.11
20 (%) 362.54 +  15.85 335.43 +  16.53 5.24 - 19.63
30 (%) 378.20 + 20.84 358.27 +  24.47 4.43 - 32.06
40 (%) 395.47 + 26.36 377.91 +  31.29 4.38 - 32.82
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