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ABSTRACT

Jerusalem artichoke is grown in different regions and is widely consumed as food. It has a distinct flavor, and, it
is an excellent source of inulin, plant, phytochemicals, and some functional nutritional ingredients including
dietary fiber and minerals. This study was conducted to assess the effect of varieties and harvest time at 240
and 270 days after planting (December 15 and January 15) respectively, on the total yield of tubers ton /fed as
well as kg/plant, average tubers weight, and chemical composition. Also, to test the possibility of producing
chips from two varieties of Jerusalem artichoke at two harvest times, frying at different temperatures degrees
(170°C, 180°C) and using some technological treatments. The chemical composition of raw materials,
processed chips, organoleptic changes, color parameters, and hardness values of the final product were
studied. The obtained results showed that the Fuseau variety and the second harvest time were better in terms
of the total yield of tubers, the average tuber weight, chemical components, and the production of chips than
the Balady variety. It can also be concluded that treatment No. 4 (in which the slices were soaked in a solution
containing 2% acetic acid and 1% citric acid), especially, at a temperature of 180 °C, was the best in preserving
many important components, as well as imparting distinctive color properties. In addition, this treatment led to
improve sensory quality characteristics based on the sensory evaluation of the majority of panelists. Hence,
Jerusalem artichoke chips are recommended as snack foods.
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INTRODUCTION

Jerusalem artichoke (Helianthus tuberosus L.) is a flowering plant of the family Asteraceae. It is a plant with a
long history of cultivation that has been making a revival as an edible vegetable in recent years. Jerusalem
artichoke is a minor crop, Food and Agriculture Organization (FAO) and EUROSTAT statistics for its cultivated
area are not available Michalska-Ciechanowska et al. (2019). This crop is a tuberous crop that was recently
introduced to Egypt for its high nutritional and medicinal value. The tubers are known to be a health-
promoting food source that contains inulin instead of starch as a carbohydrate reserve (Khuenpet et al., 2017).
According to beneficial health and nutritive effects, it contains inulin as a natural dietary fiber that could be a
valuable component of food products (Murphy, 2001; Taleb et al., 2018).

Moreover, it has no fat and has relatively low-calorie. Inulin is a polysaccharide composed of fructose,
is and legally classified as a food ingredient and a low-calorie sweetener (Glibowski and Wasko, 2008). It has
been promoted as a healthy choice for diabetics. Some people that are diabetic better tolerate the reason this
being the case is fructose. It has also been reported as a folk remedy for diabetes (Levetin and McMahon,
2012), it has a sweet and nutty flavor and a crisp texture when eaten raw, which makes it an interesting
culinary ingredient. In addition to tubers being a potential source of biomass, they are known to be a health-
promoting food source. It has a large amount of inulin (14-19%) in the tubers as a fructose polymer, and its
degraded product oligofructose is the major compound of interest in the food industry as a functional food
ingredient. Physiological effects in humans, such as the prevention of diabetes and anti-carcinoma activities,
have been reported (Kaur and Gupta, 2002; Pan et al., 2009).

Considering these facts, the consumption of Jerusalem artichoke in daily diet may provide supportive
actions for a healthier life for consumers. Chips are known as starch and fat-rich products processed generally
using extrusion and frying methods. Different studies are being carried out to modify the chips' formulation
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and processing using various new ingredients, pre-treatments, and cooking technologies to improve the quality
and health effects of chips (Lumanlan et al., 2020a and b). As a raw material, its consumption is not preferable,
and so it is required to be processed into alternative forms, especially like potato products due to similarities in
both plant materials. Except for the fact that fried potato products including chips, extruded products, etc.,
have some potential hazards to health depending on the process conditions and materials and nutritional
values of final products, these varieties of commercial items have attracted the high interest of consumers.
Jerusalem artichoke has the potential to overcome some of the negative aspects of these varieties of fried
products the advances because of compositional and depending on structural differences (Cem and Ali, 2012).

Consumers are demanding high-quality and convenient products with natural flavor and taste, and
greatly appreciate the fresh appearance of minimally processed food (Oey et al., 2008). To extend the shelf life
and keep these products with satisfactory sensory properties, they are usually processed using different
methods such as immersing in some aqueous solutions before frying. As well as heating foods' effects on the
sensory quality. This is in many cases due to the Maillard reaction that becomes noticeable in heated foods. It
affects color, taste, and flavor, but it also has nutritional implications (Seal et al., 2008). It was revealed that
when compared to Fuseau, the overall yield of the Balady cultivar was much higher as well as the contents of
the tubers' dry matter, inulin, and total sugar. Regarding the harvest time, data showed that tubers harvested
on November 15 had an advantage over those harvested on December 15 in terms of total yield and its
components as well as dry matter, inulin, and total sugar contents. Harvest times also play a significant role in
the production of high tuber yields (Alian and Attia 2011).

Thus, the objectives of this study were to examine the effect of varieties and harvesting time on yield
and quality, chemical composition, and quality of a product like chips.

MATERIALS AND METHODS

The first part of the experiment:

Two varieties of Jerusalem artichoke tubers (Balady and Fuseau) were grown during the field experiment
conducted in clay soil at Kaha Research Farm in Kaluobia Governorate, Egypt, during two consecutive
summer growing seasons of 2018 and 2019. Plants were furrow-irrigated, and tubers were planted on
March 15 and April 1 of the 2018 and 2019 summer seasons, respectively. The 20 m? experimental unit had
two rows that were 1 m wide and 10 m long. 50 cm between tubers was used for planting, to study how
different varieties and harvesting dates affect the production, chemical composition, and quality of a chip-
like product.

The experiment was created according to "split plots on the randomized complicated block with
three replicates, harvest times at 240 and 270 days after planting in two seasons were established in the
subplot while the two varieties (Fuseau and Balady) were planted in the main plot. Composted farmyard
manure at a rate of 20 m3/fed was applied to all treatments. Additionally, conventional advice recommends
clay soil conditions using chemical fertilizer were applied.

The following characteristics of all treatments were recorded:
Total and marketable yield (ton fed!) and total fresh tuber yield (kg/plant) were recorded at 240 and 270
days after planting in two seasons.
Statistical analysis:
Data were statistically evaluated using combined analysis for variance utilizing Statistics software, and the
mean values were compared at 5% levels of LSD as recommended by (Snedecor and Cochran, 1980).
The second part of the experiment:
Two varieties of Jerusalem artichoke tubers (Balady and Fuseau) were kept in the refrigerator at 4°C until
experiments were carried out. The second harvest time was chosen to complete the experiment and conduct
all physical and chemical analyses based on the chemical composition of tubers at both harvesting times. All
used chemicals were of analytical grade from EI-Nasr Pharmaceutical Chemicals Co., Egypt. The used solvents,
DPPH (2,2-diphenyl-1-picrylhydrazyl), Gallic acid, and Folin-Ciocalteu reagent were purchased from Sigma
Company, (St. Louis, Mo, USA).
Technological methods:
Raw materials were washed under tap water and then tubers were sliced to get pieces having a thickness of 2
mm. The slices were divided into equal five portions and immersed in different aqueous solutions for 5 minutes
as follows with the addition of the potatoes as control samples: -

P (Cont.) Potato slices control sample without any treatments.

T1-Balady/ Fuseau slices without any treatments (control).

T2-Balady/ Fuseau slices immersed in 2% acetic acid + 2% sodium chloride solution.

T3-Balady/ Fuseau slices immersed in 1% citric acid + 2% sodium chloride solution.
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T4-Balady/ Fuseau slices immersed in 2% acetic acid + 1% citric acid solution.

Frying:

All the previous treatments were fried in a deep fat fryer at two frying temperature degrees (170°C and 180°C)
for 240 sec. The Fryer container was filled with 2.5 liters of sunflower oil and four to six slices were immersed in
preheated oil at the desired temperature. The fried sample was taken out from the fryer and the remaining oil
on the slice surface was removed by a tissue towel (Baltacioglu and Esin, 2012) following the frying, a proposed
analysis was performed.

Analytical methods:

Chemical analysis:

Fresh Jerusalem artichoke samples at two harvest times were subjected to the following determinations as
follows: Moisture, dry matter, protein, ether extract, crude fibers, ash, total and reducing sugars contents were
determined according to the methods of (AOAC, 2016), while total carbohydrate contents were estimated by
difference. However, fried samples were subjected to the following determinations as follows: Moisture and
lipid contents were determined according to the methods of (AOAC, 2016). Both Fresh Jerusalem artichoke and
fried samples were subjected to determine Inulin content according (Winton and Winton, 1958).
Determination of total phenolic compounds (TPC):

Total phenolic compounds (TPC) were determined by the Folin- Cicalteau method as described by (Singleton et
al., 1999), with minor modifications. Gallic acid was used for the calibration curve. Results were expressed as
mg Gallic acid equivalent (GAE) in mg/100g of dried extract.

Determination of total flavonoids:

Total flavonoid content was determined by using the aluminum chloride colorimetric method, as described by
(Chang et al., 2002). The results were expressed as catechin equivalent (CE) in mg/100g of dried extract.

Determination of antioxidant activity:
The antioxidant activity of free and bound phenolic extracts was measured by using 1, 1-diphenyl2-
picrylhydrazyl (DPPH) scavenging as previously described by (Hung and Morita, 2009).

Color measurements:

The color was determined at three different points of the sample with a Chroma meter (Minolta CR 400,
Minolta Camera, Co., Osaka, Japan) equipped with an 8 mm measuring head and a D65 illuminant. The Chroma
meter was calibrated using the manufacturer’s standard white plate. Color changes were quantified in the L*,
a*, and b* color space. The International Commission on lllumination (CIE) parameters L*, and b* were
measured with a (Minolta CR 400, Minolta Camera, Co., Osaka, Japan). The calorimeter was calibrated with a
standard white ceramic plate (L = 95.97, a = - 0.13, b = - 0.30) before the reading. Corresponding L* value
(lightness of color from zero (black) to 100 (white); a* value (degree of redness (0—60) or greenness (0 to -60);
and b* values (yellowness (0-60) or blueness (0 to - 60) were measured for all the samples. Meanwhile,
chroma distinguishing between vivid and dull colors was calculated according to (Abonyi et al., 2002) by the
following equations: - C*=va? + b2

Texture profile analysis:

Texture measurement of fried Jerusalem artichoke samples was performed 60 min after frying, and drying
processes were measured by a Universal testing machine (Cometech, B variety, Taiwan). A punch test was
made on the chips, which were mounted over a 3-point-support, where the distance between points was 15
mm, and the punch diameter was 5.3 mm. The crosshead speed was 60 mm/min. Maximum breaking force and
deformation were measured from the force-deformation curve, which was recorded using PC software. The
probe speed was 1 mm s*. The Hardness values are expressed in Newton (N), according to Bourne (2002).

Sensory Evaluation:

Sensory attributes (taste, color, crispiness, and overall palatability) of both fried and dried Jerusalem artichoke
samples were examined according to the method of (Lindley et al., 1993) by using ten members from Horti.
Crops Tech. Res. Dept., Food Tech. Research Institute, Agriculture Research Center, Giza, Egypt.

Statistical Analysis:

The statistical analysis was carried out using a one-way analysis of variance (ANOVA) under a significant level of
0.05 for the whole results using the statistical program CoStat (Ver. 6.400) according to (Steel et al., 1997). To
ascertain the significance among means of different samples, and LSD test was applied.
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RESULTS

Effect of variety and harvest times on yield and quality, of Jerusalem artichoke tubers:

Data from Table (1) demonstrated that there are significant differences between the varieties in total yield per
feddan over the course of two seasons. Whereas the Fuseau variety exceeded the Balady variety in terms of
the total yield of tubers during the two growing seasons and, there was no significant(P>0.05) effect of harvest
times at 240 days after planting and 270 days after planting on total tuber yield ton per feddan. As for, the
interaction between varieties and harvest times, Fuseau cultivars that were harvested 240 days after planting
and 270 days after planting had a higher total yield of tubers than those produced by Balady cultivars which
were harvested throughout the two growing seasons. According to data in Table (1), there were significant
effects in the same treatments and interactions between verities and harvest times, where plants of the Fuseau
variety produced a higher tuber yield weight of plants compared with the Balady variety in the second season.
However, there were no significant differences between the two verities (Balady and Fuseau) and the two
harvest times on the yield tubers of plants in the first season only. When compared to other interactions, it was
noted that plants of the Fuseau variety that harvested at 27days after planting gave a significant increase in the
tuber weight of the plant in the second season only.

However, the results also revealed that there were significant increases in tuber weight in the Fuseau
plants' variety when compared to the Balady plant's variety. On the other hand, the results also demonstrated
that there are no significant differences between the two varieties, harvest times, and the other interactions
on the tuber weight average in the first season. In addition, results in Table (1) showed that there were no
significant (P>0.05) differences in the tuber weight of Jerusalem artichoke plants at the two harvest times.
Referring to the interactions between varieties and the harvest times, data showed that the Fuseau plants
variety harvested on the second date produced a higher increase in weight tuber compared to other
interactions.

Table 1. Effect of variety and harvest time on total yield and quality of Jerusalem artichoke tubers.

Treat. Total vyield Plant yield Tuber weight
ton/Fed Kg/Plant (g)
Varieties 2018 2019 2018 2019 2018 2019
Balady(B) 14.13 18.472 2220 2.00° 66.54°  56.100
Fuseau (F) 23.04° 23.17° 2.92° 287 96.63°  96.00°
Harvest times (HD)
240 days 19.47 A 19.222 2410 2342 85,12 72.552
270 days 17.60A 22.40° 275 2532 77.5 80.53°
Var. X HD
BX240 days 14.648 16.38° 1.70~ 1.99 67.32° 52.37
B X270 days 13.618  20.57% 27A  2.00° 65772  59.83
F X1240 days. 2430~ 22.07% 3.13A  2.68° 89.14° 92.72
F X270 days. 217828  24.26° 271A  3.06° 102.93°  101.23°

Means within the same column followed by the same letters are not significantly different at 5% according to
Duncan's Multiple Range Test.

Effect of variety and harvest time on chemical constituents of Jerusalem artichoke tubers:

Data illustrated in Table (2) shows some chemical constituents of two fresh Jerusalem artichoke varieties
(Balady and Fuseau) at two harvest times, and the effect of both variety and harvest time on the chemical
constituents of two Jerusalem artichoke. The obtained results showed that there were significant (p>0.05)
differences between both Jerusalem artichoke varieties in the moisture percentage, and the Fuseau variety
recorded the higher moisture content, especially at first harvest time.
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Table 2. Effect of variety and harvest time on chemical constituents of Jerusalem artichoke tubers (On dry
weight basis).

Chemical constituents%
Var. Moisture Protein Crude fibers
F.H.T. S.H.T. F.H.T. S.H.T. F.H.T. S.H.T.
B. 81.272£0.66 77.92b+0.86 2.18+0.10 2.592b+0.14 2.862+0.12 3.062+0.22
F. 82.152£0.93 80.032£0.97 2.522b+0.10 2.932+0.16 2.942+0.12 3.272+0.13
Var. B. F. B. F. B. F.
78.98bP 81.712 2.35b 2.762 2.902 3.162
H.T. F.H.T. S.H.T. F.H.T. S.H.T. F.H.T. S.H.T. F.H.T. S.H.T. F.H.T. S.H.T. F.H.T. S.H.T.
81.07° | 80.732 | 83.10° | 82.012 2.072 2.242 2.232 2.582 2.722 2.962 2.932 3.022
Var. Chemical constituents%
Fat Ash T. carbohydrates
F.T. S.T. F.T. S.T. F.T. S.T.
B 1.76°+0.07 2.072+£0.06 1.1224+0.10 1.362+0.11 15.792+0.27 15.872+0.78
F. 2.132+0.08 2.322+£0.08 1.032£0.08 1.112+0.10 13.14+0.87 13.55P+0.64
Var. B. F. B. F. B. F.
1.94b 2.192 1.242 1.08b 14.672 14.51b
H.T. F.H.T. S.H.T. F.H.T. S.H.T. F.H.T. S.H.T. F.H.T. S.H.T. F.H.T. S.H.T. F.H.T. S.H.T.
1.62b 1.952 1.972 2.162 1.062 1.242 0.982 1.062 14.312 15.262 11.40b | 12.27°

*Values are means of triplicate samples. Means with different letters (a, b, c ...) indicate significant differences (P < 0.05).

Var. Variety F.H.T. First harvest time
B. Balady S.H.T. Second harvest time
F. Fuseau H.T. Harvest time

On the other hand, the results also showed that there are no clear significant differences in both the
effect of harvest time and the interaction between the previous factors on moisture content. While, it was also
observed that there were significant (P20.05) differences between both Jerusalem artichoke varieties, as well
as, in the interaction between both variety and harvest time on protein percentage, and the Fuseau variety
recorded the higher protein content, especially at the second harvest time than at the first harvest time,
meanwhile, the results also showed that there are no significant differences in the effect of the harvest time in
protein percentage. The obtained results recorded that there were no significant (p=0.05) differences in the
crude fiber content between the varieties, and the effect of harvest time or interaction between them.
However, it was noticed that the Fuseau varieties recorded a higher value, especially at the second harvest
time than the Balady variety at the first harvest time. As for, the fat content, the results showed that there
were significant differences between each of the understudy varieties. The Fuseau varieties at the second
harvest time, as well as the interaction between these two factors, recorded a higher fat content than the
Balady variety, also, at the first harvest time.

On the other hand, the results recorded significant differences in ash content between the two
understudy verities, the Balady variety at the second harvest time recorded higher ash content than the Fuseau
varieties at the first harvest time, while no significant differences were recorded in the effect of harvest time or
interaction between them, and the varieties in ash percentage. It was recorded that there were significant
differences between both harvest time and Jerusalem artichoke varieties; also, the interaction between them
on total carbohydrates percentage and the Balady variety recorded higher carbohydrate content than the
Fuseau varieties at the second harvest time.

Effect of variety and harvest time on inulin, total and reducing sugars, phytochemicals contents, and
antioxidant activity of Jerusalem artichoke tubers:

By studying the effect of both variety and harvest time on inulin, total, and reducing sugar contents in the two
Jerusalem artichoke varieties. The results obtained in Table (3) revealed that there were significant differences
between both Jerusalem artichoke varieties, and the Fuseau variety recorded higher content of inulin at the
second harvest time compared to the Balady variety at the first harvest time, while, it was noticed that the
harvest time or the interaction between both varieties and harvest time did not show significant differences.
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Table 3. Effect of variety and harvest time on inulin, total and reducing sugars, phytochemicals contents, and
antioxidant activity of Jerusalem artichoke tubers (On dry weight basis).

Var. Chemical constituents (%)
Inulin Total sugars Reducing sugars
F.H.T. S.H.T. F.H.T. S.H.T. F.H.T. S.H.T.
B. 12.122+0.89 12.792+0.89 31.8621£0.82 31.9721£0.18 10.022+0.38 8.880+0.29
F. 14.082+0.92 14.732£0.78 31.942+0.77 31.422+0.58 8.245c+0.10 7.98¢0.11
Var. B. F. B. F. B. F.
13.100 13.762 31.902 31.692 9.132 8.43b
H.T. F.H.T. S.H.T. F.H.T. S.H.T. F.H.T. S.H.T. F.H.T. S.H.T. F.H.T. S.H.T. F.H.T. S.H.T.
12.322 | 12.85% | 14.20% | 14.78* | 31.91° 31.992 31.48% | 31.90* | 10.08° 8.81b 8.28bc 7.92¢
Var. Phytochemical constituents / Antioxidant activity
Total phenolics (mg/g) Total flavonoids (mg/g) Antioxidant activity %
F.H.T. S.H.T. F.H.T. S.H.T. F.H.T. S.H.T.
B. 30.37¢+0.08 30.65+0.09 10.21¢£0.10 10.41°+0.10 66.66°+0.57 67.07°+0.40
F. 30.59+0.05 30.892+0.04 10.482b+0.09 10.602+0.18 85.4921+0.72 85.802+0.165
Var. B. F. B. F. B. F.
30.48b 30.772 10.352 10.91° 76.232 77.71°
H.T. F.H.T. S.H.T. F.H.T. S.H.T. F.H.T. S.H.T. F.H.T. S.H.T. F.H.T. S.H.T. F.H.T. S.H.T.
30.892 | 30.65P | 30.59 | 30.37¢ | 10.60® | 10.48%0 | 10.41° | 10.21¢ | 85.80° | 67.122 | 67.07° | 66.65P
*Values are means of triplicate samples (n =3) Means with different letters (a, b, c ...) indicate significant differences (P <
0.05).
Var. Variety F.H.T. Frist harvest time
B. Balady S.H.T. Second harvest time
F. Fuseau H.T. Harvest time

On the other hand, it also appeared from the results that there was no significant (p=0.05)
differences in the effect of the variety, harvest time, or interaction between them in total sugar contents, while
it was noticed from the obtained values that Balady variety at second harvest time contains a higher total sugar
content than Fuseau variety, while it was found that there were significant (p=0.05) differences between the
effect of variety and harvest time, as well as the interaction between them on total reducing sugars content,
and Balady variety recorded higher reducing sugars content, especially at first harvest time. The recorded
results may be due to differences in variety and harvest time. The obtained results also showed in Table (3) the
effect of each variety and harvest time, as well as the interaction between them on total phenolic compounds
(estimated as gallic acid mg/g) and total flavonoids contents, as well as, antioxidant activity. The Fuseau
varieties at the second harvest time recorded higher total phenolic compound contents, as well as both the
total flavonoid contents and antioxidant activity, especially at the second harvest time.

Effect of variety, technological treatments, and frying temperatures on physicochemical properties of
Jerusalem artichoke chips:

The effect of varieties, technological treatments, and frying temperature degrees on the physicochemical
properties of Jerusalem artichoke chips was studied and the data in Table (4) results clearly showed significant
differences between the effect of variety and frying temperature, as well as the technological treatments on the
moisture content of chips manufactured from both varieties. The Balady variety recorded higher moisture
content, especially at 170°C, whereas, the Fuseau variety recorded lower moisture content, especially at 180°C,
compared to the potato chips control sample. While no significant differences were observed in the interaction
between the previous factors. As for, the effect of the technological treatment on the moisture content of the
chips samples under study, it was noted that there were significant differences between the effect of
technological treatments, and treatment No. (4) recorded the lowest moisture content, especially for the
Fuseau variety, while treatment No. (2) recorded the highest content compared to the comparative potato
chips control sample, and it was found that it contains higher moisture content than all technological
treatments.
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Table 4. Effect of variety, technological treatments, and frying temperature degrees on physicochemical
properties of Jerusalem artichoke chips (On dry weight basis).

Var. Treat. Physio-chemical properties
Moisture% Oil content% Hardness (N)
170°C 180°C 170°C 180°C 170°C 180°C
P (Cont.) 5.812+0.17 4.732+0.19 10.172+0.18 11.282+0.38 6.742¢£0.15 7.52210.21
B T1 5.502+0.15 4.44°+0.10 4.67%940.12 5.75b<+0.12 5.64<+0.08 7.1230+0.13
T2 5.462+0.09 5.273+0.12 4.27%940.06 4.67%9+0.12 6.06°<4+0.05 6.552bcd+0,07
T3 5.352+0.09 4.252+0.18 3.859+0.07 4.97bd+0.14 6.2620¢d+0.06 7.152+0.05
T4 4.632 +0.08 3.47°+0.13 3.749£0.05 4.84b<d+0,12 5.52¢9+0.08 6.4520¢d+0.06
F T1 3.86%+0.12 2.74°+0.11 5.35bcd+0.09 6.50°+0.15 5.57¢9+0.15 7.432+0.07
T2 5.852+0.11 4.922+0.09 5.35b¢d+0.06 6.48+0.14 6.4620¢d+0.13 6.5620¢d+0.09
T3 3.712+0.09 2.632+0.12 4.47<9+0.15 5.46b4+0.17 5.81bcd+0.08 6.6420¢d+0.11
T4 3.552+0.14 2.49°1+0.16 4,18+0.07 5.28bcd+0,12 5.289+0.06 6.352b¢d+0,09
Var. B. F. B. F. B. F.
5.052 3.96b 6.722 5.62° 6.932 6.01°
F.T.D. 170°C 180°C 170°C 180°C 170°C 180°C
5.552 4.43% 5.344 6.445 6.045 6.962
4.552b 3.50° 5.90¢ 7.002 5.97° 6.902
Treat. P(Cont.) T1 T2 P(Cont.) T1 T2 P(Cont.) T1 T2
5.272 4,134 5.19° 10.732 5.57° 5.36°¢ 7.132 6.064 6.77°
T3 T4 T3 T4 T3 T4
4.49¢ 3.53¢ 4.694 4.51¢ 6.46¢ 5.90¢

*Values are means of triplicate samples (n =3) Means with different letters (a, b, c ...) indicate significant differences (P <
0.05).

Var.: Variety B.: Balady Treat.: Treatments F.: Fuseau  F.T.D.: Frying temperature degrees

P(Cont.): Potato slices control sample without any treatments. F1: Balady/ Fuseau slices without any treatments.
T2-Balady/ Fuseau slices immersed in 2% acetic acid + 2% sodium chloride solution

T3: Balady/ Fuseau slices immersed in 1% citric acid + 2% sodium chloride solution.

T4: Balady/ Fuseau slices immersed in 2% acetic acid + 1% citric acid solution.

The study examined the effect of variety, frying temperature, and technological treatment, as well as
the interaction between them on the oil content of the processed chips samples from Jerusalem artichoke
varieties. The obtained results revealed that treatment No. (2) recorded the highest oil content in both
varieties, while treatment (4) recorded the lowest oil content, especially for the Fuseau variety, at 170°C,
compared to the potato chips sample (control), which contained higher content than (10.17-11.28%, at 170
and 180° C, respectively). Also, the effect of all previous factors, as well as the interaction among them, on the
degree of hardness of chips samples resulting from Jerusalem artichoke varieties, were studied, (estimated in
Newton). The Fuseau variety has a lower degree of hardness, especially for treatment No. (4) at 170°C
compared to the Balady variety, while the chips made from potatoes recorded a higher degree of hardness
than chips obtained from Jerusalem artichoke varieties.
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Effect of the Jerusalem artichoke variety, frying temperature, and technological treatments on the color of
Jerusalem artichoke chips:

The illustrated results in Table (5) showed the effect of the Jerusalem artichoke variety and the frying
temperatures, as well as the technological treatments on L*- Lightness, b*- Yellowness, a*- Redness, and
chroma (vividness) values for chips manufactured from the previous varieties. It appeared from the results
shown in Table (4) that the highest values of L * were recorded for Jerusalem artichoke varieties chips
(indicating light color) compare to the potato chips control sample, as well as the technological treatment (5,6)
in both varieties at 180°C, while it became clear from the obtained results that Fuseau varieties recorded lower
(a*) red value than Balady variety and the comparison potato chips control sample, and 180°C.

Table 5. Color measurements of Jerusalem artichoke chips compared to potato chips.

Var. Treat. Color parameters
L* a* b* Chroma
170°C 180°C 170°C 180°C 170°C 180°C 170°C 180°C
P(Cont.) 41.61 40.10 11.87 10.62 -15.40 -14.22 17.68 16.89
B. T1 43.83 46.68 11.35 10.57 -17.29 -16.12 12.11 12.03
T2 46.63 48.21 10.12 10.04 -12.77 -11.65 14.40 14.04
T3 52.99 55.71 10.17 9.41 -10.95 -9.98 18.12 17.12
T4 58.05 59.95 10.01 9. 62 -12.68 -11.62 18.68 17.77
F. T1 46.56 45.65 10.22 9.74 -14.75 -13.75 15.77 15.12
T2 50.34 55.44 8.69 9.79 -13.69 -12.45 16.21 16.00
T3 59.39 60.29 9.98 8.76 -6.81 -6.11 16.29 15.38
T4 61.20 62.18 9.91 8.43 -8.33 -8.02 19.93 18.21

L*: degree of lightness a*: degree of redness b*: degree of yellowness

Var.: Variety B.: Balady Treat.: Treatments F.: Fuseau F.T.D.: Frying temperature degrees

P(Cont.): Potato slices control sample without any treatments. T1: Balady/ Fuseau slices without any treatments.
T2-Balady/ Fuseau slices immersed in 2% acetic acid + 2% sodium chloride solution.

T3: Balady/ Fuseau slices immersed in 1% citric acid + 2% sodium chloride solution.

T4: Balady/ Fuseau slices immersed in 2% acetic acid + 1% citric acid solution.

On the other hand, the highest b* (yellowness) values were recorded for the Fuseau variety, followed
by the Balady variety, then the comparison potato chips sample, at 180°C, moreover, the Fuseau chips sample
recorded the highest values of chroma (more vivid yellow color) followed by Balady variety, then the
comparison potato chips sample which had more dull yellow color.

Sensory evaluation of Jerusalem artichoke chips:

The scores for sensory evaluation in terms of taste, color, crispiness, and overall palatability were tested and
the results were statistically analyzed and illustrated in Table (6). The effect of each variety, technological
treatment, and frying temperature on sensory characteristics and overall palatability of the resulting chips from
Jerusalem artichoke varieties were studied. It was observed that the high sensory evaluation degrees, as well as
the overall palatability, were recorded to Fuseau followed by the Balady variety.
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Table 6. Sensory evaluation of Jerusalem artichoke chips compared to potato chips.

Var. Sensory evaluation
3 Taste Color Crispiness Overall palatability
Q
-+

170°C 180°C 170°C 180°C 170°C 180°C 170°C 180°C
P (Cont.) 7.50° 8.432 7.61° 8.60° 8.132 8.50? 8.25abc 8.45abc
+0.50 +0.06 +0.79 +0.10 +0.13 +0.10 +0.25 +0.05

B. T1 7.46° 8.252 8.61° 7.642 7.40¢ 8.17abc 8.40abc 8.61°
10.26 +0.25 10.25 10.16 +0.43 +0.38 +0.50 10.25

T2 7.50° 8.552 8.31° 7.622 8.432 8.202bc 8.5]abe 8.31°

+0.25 +0.30 +0.13 +0.08 +0.50 +0.25 +0.39 +0.13

T3 7.50° 8.51° 8.60° 7.602 8.51° 7.852b¢ 8.63abc 8.60?

+0.25 +0.25 +0.15 +0.13 +0.13 +0.36 +0.13 +0.15

T4 7.732 8.41° 8.65? 7.732 8.65? 8.502bc 8.692bc 8.65?

+0.18 +0.40 +0.30 10.16 +0.43 +0.38 +0.50 +0.30

F. T1 8.38? 9.07° 6.792 7.742 7.50¢ 8.652b¢ 8.65abc 6.792
+0.20 +0.07 +0.26 +0.25 +0.50 +0.13 +0.13 +0.26

T2 7.252 8.502 9.512 8.132 8.13abc 8.632bc 8.55abc 9.512

+0.13 +0.50 +0.50 10.16 $0.16 +0.09 +0.50 +0.50

T3 8.13? 7.252 8.13° 8.13? 9.31° 7.75b¢ 9.09abc 8.13?

+0.21 +0.25 +0.13 +0.13 +0.31 +0.25 +0.09 +0.13

T4 8.50° 9.40° 9.532 9.162 9.57° 9.093bc 9.532 9.532

+0.66 +0.40 +0.50 +0.25 +0.13 +0.13 +0.26 +0.50

Var. B. F. B. F. B. F. B. F.

7.750 8.672 7.89b 8.842 7.80b 8.702 8.23b 8.792

F.T.D. 170°C 180°C 170°C 180°C 170°C 180°C 170°C 180°C
7.95b 8.862 8.12¢bc 9.052 7.86P 8.852 8.05P 8.852

7.54b 8.48? 7.66¢ 8.622b 7.75b 8.542 8.40% 8.73?
Treat. P(Cont.) T1 T2 P(Cont.) T1 T2 P(Cont.) T1 T2 P(Cont.) T1 T2

7.97¢ 8.380 | 7.77¢ 8.10¢ 8.66° | 8.40° | 8.322 8.452 | 8.352 8.35 | 8.43b | 8.21b
T3 T4 T3 T4 T3 T4 T3 T4
8.30° 8.60? 7.974 8.68? 7.652 8.492 8.37b 9.192

*Values are means of ten samples (n =3). Means with different letters (a, b, c ...) indicate significant differences (P <
0.05).

Var.: Variety B.: Balady Treat.: Treatments F.: Fuseau  F.T.D.: Frying temperature degrees

P(Cont.): Potato slices control sample without any treatments. T1: Balady/ Fuseau slices without any treatments.
T2-Balady/ Fuseau slices immersed in 2% acetic acid + 2% sodium chloride solution

T3: Balady/ Fuseau slices immersed in 1% citric acid + 2% sodium chloride solution.

Ta: Balady/ Fuseau slices immersed in 2% acetic acid + 1% citric acid solution.

Concerning, the effect of both the technological treatments and the frying temperature on the
sensory properties mentioned above, the results indicated that there are significant differences between all
different technological treatments and the frying temperature degrees. Treatment No. (4) recorded the
highest degrees of sensory attributes, as well as overall palatability of both Jerusalem artichoke understudies,
especially at 180°C.

As for, the interaction effect of the previous factors, it appeared through the obtained results that
there are no significant differences between the values of sensory attributes for all treatments, while the
results showed significant differences between the values of overall palatability of all treatments, and
treatment No. (4) recorded the highest values for the degree of overall palatability, which indicating that
treatment No. (4) is the most desired one.
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DISCUSSION

From the obvious results, it was clear that the total yield of tubers and quality were affected by varieties and
new clones of Jerusalem artichoke. This result was recorded by Tawfik et al. (2003), and Alian and Attia (2011).
This variance in results may be due to the genetic material of the two cultivars used in this study. On the other
hand, Fuseau cultivars had a higher total yield of tubers than those produced by Balady cultivars which were
harvested throughout the two growing seasons. Similar results were reported by Alian and Attia (2011). When
compared to other interactions, it was noted that plants of the Fuseau variety gave a significant increase in the
tuber weight of the plant in the second season only. These results were according to those reported by Alian
and Attia (2011). Whereas it was noticed that there were increases in tuber weight in the Fuseau plants' variety
when compared to the Balady plant's variety. On the other hand, the results also demonstrated that there are
no differences between the two varieties, harvest times, and the other interactions on the tuber weight
average in the first season. Also, in the tuber weight of Jerusalem artichoke plants at the two harvest times.
However, the interactions between varieties and the harvest times, data showed that the Fuseau plants variety
harvested on the second date produced a higher increase in weight tuber. This increase in tuber weight may
because of the environmental circumstances which dominant at the time of harvesting 240 days after planting.
The temperature at night and during the day, as well as the length of the day, all contributed to an increase in
the yield of tubers. However, the harvesting date 270 days after planting may cause tubers to lose their fresh
weight and have lower quality. Similar results were found by (Saengthongpinit and Sajjaanantakul, 2005).

As for, the chemical constituents of two fresh Jerusalem artichoke varieties (Balady and Fuseau) at
two harvest times, and the effect of both variety and harvest time on the chemical constituents of two
Jerusalem artichoke. The obtained results showed that there were differences between both Jerusalem
artichoke varieties at two harvest times, and, on the effect of both variety and harvest time on the chemical
constituents. These differences in the concentrations of the previous chemical constituents may be due to
genetic differences among both Jerusalem artichoke varieties according to Kapusta, et al. (2013). The obtained
results agreed with those obtained by Neama et al. (2020) noted that the Fuseau variety is superior to the
Balady variety in protein content, also, Hasnaa (2018) reported that Total carbohydrates are 19.74% protein
and 2.19 %, and ash 1.76%.

Concerning the effect of both variety and harvest time on inulin, total, and reducing sugar contents
in the two Jerusalem artichoke varieties. The obtained results revealed that there were differences between
both Jerusalem artichoke varieties, and the Fuseau variety recorded higher content of inulin at the second
harvest time compared to the Balady variety at the first harvest time, while, it was noticed that the harvest
time or the interaction between both varieties and harvest time did not show differences. On the other hand,
it also appeared from the results that there was no differences in the effect of the variety, harvest time, or
interaction between them in total sugar contents, while it was noticed from the obtained values that Balady
variety at second harvest time contains a higher total sugar content than Fuseau variety, while it was found
that there were differences between the effect of variety and harvest time, and, the interaction between them
on total reducing sugars content, and Balady variety recorded higher reducing sugars content, especially at first
harvest time. The recorded results may be due to differences in variety and harvest time.

Phenolic substances are secondary metabolites found in horticultural crops that have an antioxidant
effect as they scavenge the free radicals caused by oxidative stress (Peretto et al., 2017). The obtained results
also showed the effect of each variety and harvest time, as well as the interactions between them on total
phenolic compounds and total flavonoids contents, and antioxidant activity. The Fuseau varieties at the second
harvest time recorded higher total phenolic compound contents, also, both the total flavonoid contents and
antioxidant activity, especially at the second harvest time. These differences in the concentrations of total
phenolic compounds and total flavonoids may be due to genetic differences among both Jerusalem artichoke
varieties according to Kapusta et al. (2013). The obtained results were in agreement with those obtained by
Neama et al. (2020) who noted that the Fuseau variety is superior to the Balady variety in phytochemical, and
inulin contents, Alian and Attia (2011), Alian, and Ismail (2014) reported that inulin, total sugar, and reducing
sugars of both tubers ranged from (22.15%, 24.21%), (8.64%, 10.03), (22.31%, 23.78%), (6.28%, 10.15%) for
Balady and Fuseau varieties, respectively. It is noteworthy that inulin (which belongs to a class of dietary fibers
known as fructans) is well fermented by gut bifidobacteria, which contributes to their anticarcinogenic
properties. It also induces a 10-fold increase in the Lactobacillus population, which is why it suppresses
appetite, regulates the passage rate of digestion, and stimulates the immune system (Michalska-Ciechanowska
etal., 2019).
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The effect of varieties, technological treatments, and frying temperature degrees on the
physicochemical properties of Jerusalem artichoke chips was studied, and the results showed significant
differences between the effect of variety and frying temperature, as well as the technological treatments on the
moisture content of chips manufactured from both varieties.

Oil content is one of the most important quality attributes of a fried product. By studying the effect
of variety, frying temperature, and technological treatment, and the interaction between them on the oil
content of the processed chips samples from Jerusalem artichoke varieties. The obtained results revealed
that treatment No. (2) recorded the highest oil content in both varieties, while treatment (4) recorded the
lowest oil content, especially for the Fuseau variety, at 170°C, compared to the potato chips sample
(control), which contained higher oil content. The texture is a major factor in determining the customer
acceptability of chips and depends on raw materials and processing history. The effect of all previous
factors, and the interaction among them, on the degree of hardness of chips samples resulting from
Jerusalem artichoke varieties, were studied, and the obtained result show significant differences between
both two varieties, also between the treatments. These results may be due to the temperature of frying oil,
which raises oil content and increase the degree of hardness. These results agree with those recorded by
Cem and Ali (2012), and Habib et al., (2015), who ascertained that moisture removal during frying is a key
factor for oil uptake. Also, the temperature of 180°C was more oil absorption than at low frying
temperature. Moreover, the low frying temperature had a more suitable texture, than the frying
temperature at 180°C which had high-fat uptake. Thus, treatment No. (4), the Fuseau varieties and frying
temperature at 170°C were better because of low oil content and suitable texture of the crust. Color is a
critical factor influencing the quality of the products (Rodriguez-Hernandez et al., 2005). the results show
that the L *, a*, b*, chroma values for Jerusalem artichoke varieties chips compare to the potato chips
control sample, and the effect of technological treatment in both varieties at 180°C. were studied, and
Jerusalem artichoke varieties chips had good color, also, recorded more vivid yellow color than potato chips
sample which had more dull yellow color. These results may be due to using of citric and acetic acids which
prevent enzymatic browning, by incapacitating polyphenol oxidase activity and making chips slices crispier
and with desirable color. These results agree with Cem and Ali (2012); Vibe et al., (2013); Mostafa, et al.,
(2021).

Sensory evaluation is one aspect of greatest importance since consumer acceptance usually
encourages the marketing process of any new product. Concerning the effect of each variety, technological
treatment, and frying temperature on sensory characteristics and overall palatability of the resulting chips from
Jerusalem artichoke varieties the obtained results indicated that there are significant differences between all
different technological treatments and the frying temperature degrees. These results may be due to utilizing
citric and acetic acids, and the presence of natural aroma volatile compounds some of Jerusalem artichoke
varieties are distinctive. These results are in harmony with those of Vibe, et al. (2012); Cem and Ali (2012), who
reported that Jerusalem artichoke had natural aroma volatile compounds, consequently, the produced chips
had a higher score of overall acceptability.

CONCLUSION

In this study, it could be concluded that to obtain higher yield and quality, it is recommended to cultivate the
Fuseau variety of Jerusalem artichoke crop and harvest it in mid-January (at 270 days after planting), also, the
use of Jerusalem artichoke for the production of diabetic and/or dietary chips-like products was studied using
the parameters of variety, frying temperature, and some processing treatment. Considering the experimentally
obtained results and their discussion, it can be concluded that Jerusalem artichoke slices could be used to
produce low or no-calorie, no-sugar chips, and are most desired by consumers.
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