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Abstract There are several studies that show that large
amounts of acrylamide are detected in Jerusalem artichoke
(Helianthus tuberosus L.) tea. This study examined acry-
lamide, inulin content and antioxidant properties of Jer-
usalem artichoke tea brewed in different conditions.
Uniformly sliced Jerusalem artichokes were soaked in
different salt and acidic solutions for 60 min at 20 °C and
extracted with hot or cold water. The acrylamide content
was analyzed by high-performance liquid chromatogra-
phy—tandem mass spectrometry. The Inulin content and
antioxidant activity were analyzed by spectrophotometer.
Soaking significantly reduced acrylamide levels (p < 0.05)
with the largest decrease observed for acetic acid, whereas
the effects of all soaking treatments on inulin content were
similar. Teas brewed using small-particle-size samples and
hot water exhibited the highest acrylamide/inulin levels
and antioxidant activity. Consequently, The most suit-
able treatment for Jerusalem Artichoke tea preparation was
1-h soaking in 1% acetic acid at 20 °C.
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Introduction

Tea, the most widely consumed beverage worldwide, has a
particularly long-standing consumption history in East Asia
(Venditti et al., 2010). According to the Korea Agro-
Fisheries & Food Trade Corporation, the Korean tea pro-
duction increased from 360,000 tons in 2015 to 400,000
tons in 2017, which is ascribed to the growing health
awareness of Koreans and a shift away from coffee and
carbonated beverages (Korea Agro-Fisheries & Food Trade
Corporation, 2020). In addition, the tea market has expe-
rienced differentiation due to the release of teas with spe-
cial ingredients such as dried Jerusalem artichoke
(Helianthus tuberosus L.) (The DigitalTimes 2019).
Jerusalem artichoke, a perennial sunflower species first
cultured by native Americans and resistant to frost,
drought, and poor soil quality, is easily cultivated in the
field and can be cooked, roasted, fried, or processed into
tea, flour, chips, salads, and additives (Michalska-Ciecha-
nowska et al., 2019). The tubers of this plant typically
comprise 80 wt% water, 15 wt% carbohydrate, 1-2 wt%
protein, but little or no starch and virtually no fat, thus
having a relatively low calorific value (Baltacioglu, 2012).
In addition, Jerusalem artichoke is rich in phytochemi-
cals such as (poly)phenols (Bach et al., 2015; Michalska-
Ciechanowska et al., 2019). In plants, polyphenols are
normally produced as secondary metabolites and are con-
tained in polyhydroxy phenolic complexes (Bach et al.
2015; Michalska-Ciechanowska et al., 2019). Phenolics
have diverse physiological functions, exhibiting antioxi-
dant, antimutagenic, and antitumor activities (Bach et al.,
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2015). Jerusalem artichoke tubers are rich in phenolic acid
antioxidants (16.6 wt% on a dry matter basis) (Michalska-
Ciechanowska et al., 2019).

According to the Ministry of Food and Drug Safety,
Jerusalem artichoke tea is rich in acrylamide
(902-7331 pg/kg), which forms during the high-tempera-
ture (> 120 °C) cooking of certain starch-based foods such
as bread, potato chips, and French fries primarily via the
Maillard reaction of glucose and/or fructose with aspar-
agine (Mottram et al., 2002; The Ministry of Food and
Drug Safety, 2019). The International Agency for Research
on Cancer (IARC) has classified acrylamide as potentially
carcinogenic to humans (Group 2A) based on its carcino-
genicity in rodents (International Agency for Research on
Cancer, 1994).

Since the recognition of the importance of acrylamide in
foods, methods of reducing acrylamide levels have been
widely explored. Treatment with organic acids such as
citric and acetic acids can also reduce acrylamide content
by decreasing pH (Mestdagh et al., 2008). Moreover,
monovalent and divalent cations such as Na™ or Ca®"
prevent acrylamide formation by interfering with the
Maillard reaction of asparagine (Lindsay and Jang, 2005).
However, the effect on the acrylamide content of Jerusalem
artichoke tea due to soaking before roasting remain
unknown.

In view of the above, the present study aimed to
investigate the effects of various soaking treatments on the
acrylamide and inulin contents and the antioxidant activity
of teas prepared by hot and cold infusion of sliced and
ground Jerusalem artichoke.

Materials and methods
Chemicals and reagents

Citric acid, formic acid (> 99%), D-fructose, Folin &
Ciocalteu’s phenol reagent, gallic acid, 2,2-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) diammonium salt,
potassium persulfate, and ( £)-6-hydroxy-2,5,7,8-tetram-
ethylchromane-2-carboxylic acid (Trolox) were purchased
from Sigma-Aldrich, Inc. (St Louis, MO, USA). Sodium
chloride, acetic acid, phenol, sulfuric acid (> 95%), and
3,5-dinitrosalicylic acid (DNS; 98.0%) were purchased
from Samchun Pure Chemical Co., Ltd. (Pyeongtaek,
Korea). Calcium chloride, sodium hydroxide, and potas-
sium sodium tartrate were obtained from Duksan Pure
Chemical (Ansan, Korea). Sodium carbonate was obtained
from Daejung Chemical & Metals Co., Ltd. (Siheung,
Korea).

The amino acid standard, amino acid supplement kit,
borate buffer, as well as o-phthalaldehyde (OPA) and
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9-fluorenylmethoxycarbonyl chloride (FMOC) were pur-
chased from Agilent Technologies (Santa Clara, CA,
USA). Acetonitrile was purchased from Merck (Darmstadt,
Germany). Acrylamide (> 99%) and 13 Cs-acrylamide
(> 99%) were supplied by Cambridge Isotope Laboratories
(Andover, MA, USA). Oasis HLB (200 mg, 6 mL) and
Bond Elut AccuCAT (200 mg, 3 mL) solid-phase extrac-
tion (SPE) cartridges were purchased from Waters Corp.
(Milford, Massachusetts, USA) and Agilent Technologies
(Santa Clara, CA, USA), respectively. Polyvinylidene flu-
oride (PVDF) syringe filters were supplied by Futecs Co.
(Daejeon, Korea). Sodium disulfite and inulin were pur-
chased from Junsei Chemical Co., Ltd. (Tokyo, Japan) and
MP Biomedicals (Irvine, CA, USA), respectively. High-
performance liquid chromatography (HPLC)-grade water,
methanol, and acetonitrile were purchased from Honeywell
Burdick & Jackson (Ulsan, Korea).

Preparation of Jerusalem artichoke tea

Jerusalem artichokes purchased from a local market
(Yeongam, Jeollanamdo, South Korea) were washed with
tap water to eliminate soil and then, they were peeled. The
peeled tubers were cut into pieces that were 2 cm in
diameter and 0.5 cm in thickness, and samples weighing
approximately 100 g were soaked in 1 kg of distilled
water, 1% (w/v) NaCl, 1% (w/v) CaCl,, 1% (w/v) citric
acid, or 1% (v/v) aqueous acetic acid solution for 60 min at
20 °C. The soaked samples were rinsed with distilled water
for 10 s and gently wiped with tissue paper to remove the
solution on the surface.

Prior to heating, 10 g of soaked Jerusalem artichoke was
homogenized using a food mixer (BL482KRCO; Hai Xin
Technology Co. Ltd., Shenzhen, China) for 20 s, and the
pH of the homogenate was measured by a pH meter
(S220k; Mettler Toledo, USA). The control sample did not
undergo any pre-treatment before drying. The tubers were
dried at 60 °C for 7 h using a hot air dryer (SFC 203;
Shinsaeng, Korea) and then roasted at 180 °C for 30 min
(CBR 101A; Genecafe Roaster, Ansan, Korea). According
to particle size, the obtained samples were classified as
sliced tea (non-ground group) and ground tea (10—12 mesh,
1.7-2.0 mm). Ground tea was prepared by grinding roasted
tubers for 3 s using a food mixer (BL482KRCO; Hai Xin
Technology Co., Ltd., Shenzhen, China) followed by sift-
ing. Finally, samples weighing 1 g each were packed into
tea bags.

Hot and cold tea infusions
Hot tea infusions were prepared by brewing 1 g of tea

(sliced or ground) in 200 mL of distilled water at
100 £ 2 °C for 2 min, while cold tea infusions were
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prepared by brewing 1 g of tea (sliced or ground) in
200 mL of distilled water at 5 &= 2 °C for 4 min. The
infused teas were filtered through Whatman No. 1 paper
filters (Maidstone, England) and stored at — 20 °C in
50 mL tubes until further analysis.

Determination of free sugar contents in raw
Jerusalem artichoke

The free sugar contents were determined using a modifi-
cation of a previously reported HPLC method (Park et al.,
2017). Freeze-dried samples (1-2 g) were dispersed in
distilled water (50 mL) using a homogenizer (DE/MF-10;
IKA, Germany), and the mixtures were centrifuged (Gy-
rozen 2236R, Gyrozen Inc., Dajeon, Korea) at 15,000 rpm
for 10 min. The supernatants were filtered through 0.2 um
regenerated cellulose (RC) syringe filters (Phenomenex,
USA) and transferred to vials. Analysis was performed on a
Dionex Ultimate 3000 HPLC system (Thermo Dionex,
USA) using a Sugar-pak column (Waters, 300 x 6.5 mm
i.d., 10 pm particle size, USA) and distilled water was used
as the mobile phase for sugar separation. The optimal flow
rate equaled 0.5 mL/min and was employed in all experi-
ments. A Shodex RI-101 detector (Shodex, Japan) was
used for sugar detection, and the injection volume was set
to 10 pL.

Determination of free amino acid contents in raw
Jerusalem artichoke

Amino acid contents were determined using a modification
of a previously reported HPLC method (Henderson et al.,
2000). Freeze-dried samples (weighing 1-2 g) were mixed
with distilled water (50 mL) using a homogenizer (DE/MF-
10; IKA, Germany), and the homogenates were centrifuged
(Gyrozen 2236R, Gyrozen Inc., Dajeon, Korea) at
15,000 rpm for 10 min. The supernatants were filtered
through 0.2 um RC syringe filters (Phenomenex, USA) and
transferred to vials. The 17 amino acids standards (1 nmol/
pL) and the amino acid supplement were dissolved in
0.1 N HCI. The standard solutions used for amino acid
determination were diluted with distilled water to 10, 100,
500, and 1000 pmol/pL. The samples were analyzed on a
Dionex Ultimate 3000 HPLC system (Thermo Dionex,
USA) using an Agilent 1260 infinity fluorescence detector
(Agilent, USA). The following were used for amino acid
separation: an Inno CI18 column (Youngjin Biochrom,
150 mm x 4.6 mm id., 5 pm particle size, Korea),
40 mM sodium phosphate solution as mobile phase A, and
distilled water, acetonitrile, and methanol (10:45:45, v/v/v)
as mobile phase B. Primary amino acids were derivatized
with OPA, and secondary amino acids were derivatized
with FMOC. The obtained derivatives were detected using

a fluorescence detector at excitation/emission wavelengths
of 340/450 nm for primary amino acids and at 266/305 nm
for secondary amino acids.

Determination of acrylamide content

Acrylamide was quantified using a minor modification of
the method previously reported by The Ministry of Food
and Drug Safety (2018). Specifically, sliced Jerusalem
artichoke (1 g) or tea infusion (1 mL) was added to water
(9 mL) and a 13C3 acrylamide solution (1 mL, 200 ng/mL)
in a 50 mL tube. The tube was shaken at 250 rpm for
20 min, centrifuged (COMBI-514R; Hanil Scientific Inc.,
South Korea) at 3,500 rpm for 5 min, and the filtrate was
passed through a 0.45 pm PVDF syringe filter. An Oasis
HLB cartridge was conditioned with methanol (3.5 mL)
followed by water (3.5 mL). A 1.5 mL sample aliquot was
introduced onto the cartridge, followed by water (0.5 mL),
and the eluate was discarded. Then, further water (1.5 mL)
was passed through the cartridge, and the eluate was col-
lected. A Bond Elut AccuCAT SPE cartridge was condi-
tioned using methanol (2.5 mL) followed by water
(2.5 mL). Finally, a 0.5 mL aliquot of the eluate collected
from the Oasis HLB cartridge was passed through the
preconditioned Bond Elut AccuCAT SPE cartridge, and an
aliquot (1 mL) of the eluate from Bond Elut AccuCAT
SPE cartridge was introduced onto the Bond Elut Accu-
CAT SPE column and collected in 2 mL vials. High-per-
formance liquid chromatography—tandem mass
spectrometry (HPLC-MS/MS) analysis was performed
using a Shimadzu 30A HPLC system coupled to a Shi-
madzu MS8040 MS/MS system (Shimadzu, Kyoto, Japan).
The employed HPLC-MS/MS conditions are outlined in
Table 1. The multiple reaction monitoring (MRM) transi-
tions used for the quantitation of acrylamide and '*C;
acrylamide (internal standard) were m/z 72 — 55 and m/z
75 — 58, respectively.

A calibration curve for acrylamide was prepared in the
range of 0.5-500 pg/L, and it showed a correlation coef-
ficient of 0.995. Based on the calibration curve parameters,
the limit of detection (LOD) and the limit of quantification
(LOQ) were calculated as 1.86 and 5.62 pg/kg,
respectively.

Determination of inulin content

The inulin content of Jerusalem artichoke tea was deter-
mined spectrophotometrically from the difference between
total carbohydrate and reducing sugar contents (Lingyun
et al.,, 2007). The total carbohydrate content was deter-
mined by the phenol-sulfuric acid method (Dubois et al.,
1956). Fructose was used a standard solution (0-25 pg/ml).
Briefly, 1 mL of the sample or distilled water (blank) was
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Table 1 Analytical conditions employed for acrylamide content analysis

Items Conditions

Chromatograph Shimadzu 30A

Column Kinetex polar C18 (150 mm x 2.1 mm i.d., 2.6 pm particle size, Phenomenex)
Flow rate 0.3 mL/min

Oven temperature 26 °C

Injection volume 20 uL

Mobile phases
Mass spectrometer
Ionization mode
Detection mode
Desolvation gas, collision gas N,
MRM ions

0.5% methanol in distilled water and 0.1% acetic acid
Shimadzu MS8040

Electrospray ionization, 5,000 V, positive mode
Multiple reaction monitoring (MRM)

Acrylamide (m/z 72 — 55, 72 — 27), Internal standard (m/z 75 — 58, 72 — 29)

pipetted into a 15 mL test tube, and 1 mL of 5% phenol in
distilled water was added. Then, concentrated sulfuric acid
(5 mL, 95%) was added rapidly, with the acid stream
directed against the liquid surface for better mixing. The
tubes were left to stand for 10 min and then shaken and
placed into a water bath held at 25-30 °C for 20 min. The
sample absorbance was measured at 490 nm using an X-ma
1200 spectrophotometer (Human Corp, China).

The reducing sugar content was determined by the DNS
method using D( —)-fructose as a standard. DNS (10 g),
sodium hydroxide (10 g), phenol (2 g), and sodium sulfite
(0.5 g) were dissolved in distilled water to a final volume
of 1000 mL. Subsequently, 3 mL of the thus obtained DNS
reagent and 3 mL of the sample or distilled water (blank)
were added into a 15 mL test tube. The tube was held in a
water bath (100 °C) for 15 min and charged with 1 mL of
40% sodium potassium tartrate (Rochelle salt) to stabilize
color. The reaction mixture was cooled to room tempera-
ture (~20 °C), and absorbance was measured at 575 nm
using the X-ma 1200 spectrophotometer (Human Corp.,
China).

Determination of total phenol content

The total phenol content of tea infusions was measured
according to the method reported by Singleton and Rossi
(Singleton and Rossi, 1965). Briefly, 2.5 mL of 1:10 (v/v)
diluted Folin—Ciocalteu reagent was treated with 0.50 mL
of the infusion and after 4 min, it was treated with 2 mL of
saturated sodium carbonate solution (~75 g/L). The mix-
ture was placed into a water bath under dark conditions at
room temperature (~ 20 °C) for 2 h, and absorbance was
measured at 760 nm using the X-ma 1200 spectropho-
tometer (Human Corp, China). Gallic acid solutions (20,
40, 60, and 80 mg/mL) were used as standards. The results
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were expressed as mg GAE (gallic acid equivalent) in
100 mL of tea infusion.

ABTS free radical anion scavenging activity

The antioxidant activity of Jerusalem artichoke tea infu-
sions was characterized in terms of the ABTS [2,2'-azino-
bis(3-ethylbenzothiazoline-6-sulphonic acid) diammonium
salt] radical scavenging ability according to the method of
Re et al. (1999). Briefly, an ABTS™ stock solution was
prepared by mixing a 14 mM aqueous ABTS solution with
a 4.9 mM aqueous solution of potassium persulfate in a
volume ratio of 1:1 followed by incubation in the dark at
25 °C for 16 h. The solution was then filtered through a
0.45 pm PVDF filter and diluted with distilled water to
reach an absorbance of 0.70 & 0.02 at 734 nm. Subse-
quently, 2.475 mL of the diluted ABTS™ solution was
treated with 0.025 mL of tenfold diluted tea infusion or (in
the blank experiment) 0.025 mL of water. The mixture was
left for 6 min at room temperature (~ 20 °C), and absor-
bance at 734 nm was determined using the X-ma 1200
spectrophotometer (Human Corp., China). Trolox was used
as a standard to construct a calibration curve, and the
results were expressed in units of pmol Trolox equivalents
per L.

Statistical analysis

Data were reported as means =+ standard deviations and
evaluated by analysis of variance. SPSS software (IBM
Inc., Chicago, IL, USA) was employed to evaluate signif-
icant differences (p < 0.05) among the means of triplicate
analysis using Duncan’s multiple range test. Differences
between the means of steeping temperature or particle size
experiments were estimated using the t-test for independent
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samples.
p < 0.05.

The values were considered significant at

Results and discussion

Sugar and amino acid contents of raw Jerusalem
artichoke

Asparagine forms the backbone of acrylamide, while
reducing sugars are essential for the formation of N-gly-
coside intermediates that are subsequently converted into
acrylamide (De Wilde et al., 2005). The sugar and amino
acid contents of raw Jerusalem artichoke are presented in
Table 2.

The sugar contents of Jerusalem artichoke decreased in
the order of sucrose > fructose > glucose. The contents of
amino acids decreased in the order of arginine > as-
paragine > glutamine > aspartic acid, with isoleucine,
proline, glycine, and methionine present at trace levels.
Therefore, higher quantities of acrylamide can probably be
formed in Jerusalem artichoke tea.

Effect of soaking treatments on acrylamide
formation in roasted Jerusalem artichoke

Table 3 shows the effect of soaking treatments on acry-
lamide formation in roasted Jerusalem artichoke. The
control sample had a pH of 6.34 + 0.03 before drying and
generated acrylamide up to an average contamination level
of 4843.60 ng/g after roasting.

Compared to the control sample, soaking treatments
significantly reduced (p < 0.05) acrylamide levels, which
decreased in the order of distilled water > 1% NaCl > 1%
citric acid > 1% CaCl, > 1% acetic acid. Soaking in dis-
tilled water led to the leaching of acrylamide precursors
such as glucose and asparagine and thus reduced acry-
lamide formation. Kita et al. (2004) reported that potato
slice soaking in distilled water for 60 min at 20 °C resulted
in the extraction of fructose (17%) and asparagine (40%).
Moreover, soaking hindered acrylamide formation (by
38%) during potato slice heating at 170 °C. These results
agree with those of Jung et al. (2003), who reported that
1-h dipping of potato strips into distilled water induced a
25% reduction of acrylamide formation during frying at
190 °C.

Monovalent and divalent cations such as Na™ or Ca®*
can interact with asparagine to prevent the formation of the
Schiff base that is a key intermediate in the formation of
acrylamide and the Maillard reaction (Lindsay and Jang,

Table 2 Free sugar and amino
acid contents of raw Jerusalem

artichoke

Matrix Components Type Content
Raw Jerusalem artichoke Sugars (g/100 g) Fructose 3.58
Glucose 23
Sucrose 19.64
Amino acids (mg/100 g) Arginine 191.2
Asparagine 166.86
Glutamine 155.84
Aspartic acid 123.74
Glutamic acid 61.5
Alanine 58.4
Phenylalanine 25.05
Threonine 19.73
Histidine 13.82
Tryptophan 13.02
Serine 11.4
Leucine 7.78
Tyrosine 6.51
Lysine 5.78
Valine 5.56
Isoleucine 4.94
Proline 4.29
Glycine 1.88
Methionine 0.4
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Table 3 Effects of soaking treatments on acrylamide formation in roasted Jerusalem artichoke and Jerusalem artichoke tea

Sample

Soaking treatment

Particle size Acrylamide content (pg/kg)

Roasted Jerusalem artichoke®
Distilled water
1% NaCl
1% CaCl,
1% Citric acid
1% Acetic acid
Hot infused Jerusalem artichoke tea®
Distilled water
1% NaCl
1% CaCl,
1% Citric acid
1% Acetic acid
Cold infused Jerusalem artichoke tea®
Distilled water
1% NaCl
1% CaCl,

1% Citric acid

1% Acetic acid

Control (without soaking)

Control (without soaking)

Control (without soaking)

4843.60 + 20.96"
2843.99 + 20.90"
1924.11 + 27.93¢
1592.22 + 18.33¢
1788.33 + 70.60°
1287.96 + 25.75°

Sliced 17.14 £ 0.482Y
Ground 26.21 £+ 2.914%
Sliced 12.23 + 1.15%Y
Ground 15.72 + 0.895%
Sliced 11.62 + 0.228Y
Ground 14.85 + 0.738%
Sliced 5.19 + 0.40°Y
Ground 6.84 + 0.13°%
Sliced 12.28 + 0.88%%
Ground 13.32 4 0.845%
Sliced 3.75 + 0.43PY
Ground 4.85 4+ 0.08"%
Sliced 11.79 £ 0.67°%
Ground 17.47 + 2.892%
Sliced 9.26 + 0.81BY
Ground 12.92 + 0.03B%
Sliced 6.81 + 0.75Y
Ground 9.71 + 0.73°%
Sliced 3.32 + 0.325Y
Ground 495 4 0.11°%
Sliced 4.83 4+ 0.42°Y
Ground 5.94 + 0.04P%
Sliced n.d

Ground 3.00 + 0.128%

*Values with different letter within a same column (a—e) are significantly different (p < 0.05) as measured by Duncan’s test

PLetters A-E indicate statistically significant differences (p < 0.05) between the acrylamide levels obtained for different soaking treatments but
the same particle size and steeping temperature. Letters X and Y indicate statistically significant differences (p < 0.05) between the acrylamide
levels obtained for different particle size but the same soaking treatment and steeping temperature

2005). The inhibition of acrylamide formation during
potato strip heating was mainly ascribed to the presence of
monovalent or divalent cations in these strips after soaking
treatment rather than to the reduced content of acrylamide
precursors such as asparagine and reducing sugars (El-
Saied et al., 2008). El-Saied et al. (2008) reported that
potato strip soaking in 1% NaCl and 1% CacCl, for 60 min
resulted in a 69% and 92% decrease of acrylamide levels,
respectively after frying at 180 °C. In addition, divalent
cations such as Ca®* and Mg”>" change the reaction path-
way from the Maillard reaction to the dehydration of glu-
cose and thus hinder the formation of acrylamide.
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Therefore, the divalent Ca®t is more effective for the
inhibition of acrylamide formation than the monovalent
Na™.

Soaking in acetic acid solution was most effective for
suppressing acrylamide formation, resulting in an acry-
lamide content decrease to 1287.96 pg/g, whereas soaking
in citric acid resulted in a decrease to only 1788 pg/g.
These results were ascribed to the decrease in pH upon
soaking in acidic solutions. To be specific, the average pH
of Jerusalem artichoke tuber soaked in distilled water, 1%
NaCl, 1% CaCl,, 1% citric acid, and 1% acetic acid
equaled  6.32 £ 0.01, 636 +£0.02, 6.16 £ 0.01,
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5.10 £ 0.02, and 4.61 £ 0.02, respectively. Citric acid has
a lower pK, than acetic acid, but the corresponding solution
had a higher pH value than the acetic acid solution, as the
molar concentrations of 1% citric acid and 1% acetic acid
solutions equaled 0.05 and 0.17 M, respectively. Kita et al.
(2004) reported that when solutions of citric acid and acetic
acid with the same concentration of acidic protons were
used (0.05 M and 0.15 M, respectively), the latter solution
was more effective for suppressing acrylamide formation.
Food pH can influence acrylamide formation, which is
most favored at pH values of 7-7.5 (Jung et al., 2003). Low
pH probably induced the protonation of the reactive free o-
NH, group of asparagine to afford the nonreactive o -NHz ™
form and promoted the acid-catalyzed partial hydrolysis of
asparagine to aspartic acid and that of acrylamide to acrylic
acid (Friedman and Levin, 2008). Furthermore, no Jer-
usalem artichoke tea prepared after 60 min soaking
exhibited sour or salty taste. Jung et al. (2003) did not
detect any taste differences between the control (no soak-
ing treatment) and the 1% citric acid—soaked group. Kita
et al. (2004) reported that taste differences were not
detected when acetic acid was used. In addition, the sen-
sory quality of strips fried after soaking in 1% CaCl, was
reported to be maintained (Khalaf et al., 2015). This result
suggests that acetic acid treatment is the best way of
inhibiting acrylamide formation during Jerusalem arti-
choke tea production.

Effect of particle size and steeping temperature
on acrylamide content in Jerusalem artichoke tea

Table 3 show the acrylamide contents of sliced and ground
Jerusalem artichoke tea infusions prepared under different
steeping conditions. Regardless of particle size and steep-
ing temperature, acrylamide content was lowest in infu-
sions prepared using acetic acid pre-treatment, with the
second lowest values observed for CaCl, pre-treatment.
The reason for this result is thought to be that it was formed
less during the roasting process by the pretreatment of the
solution. The contents of acrylamide in ground Jerusalem
artichoke tea infusions (3.00-26.21 ng/g) exceeded those
in sliced Jerusalem artichoke tea infusions (n.d.—17.14 pg/
2). According to Liu et al. (2008), acrylamide content (ng/
g) in tea products is n.d.—46 pg/g and our results were
similar to that results. The particle size had a significant
(p < 0.05) effect on the acrylamide level, as particle size
reduction can increase surface area and allows solution
uptake and/or extraction to occur more completely, uni-
formly, and rapidly (Dria et al., 2007). Hot tea infusions
had  significantly = higher  acrylamide  contents
(3.75-26.21 ng/g) than cold tea infusions (n.d.—17.47 pg/
g), which was ascribed to the increase in mass transfer

coefficients and rate constants at high temperature (Kay-
khaii and Abdi, 2013).

Inulin contents of Jerusalem artichoke tea infusions

The inulin contents of hot and cold tea infusions prepared
from Jerusalem artichoke subjected to different pre-treat-
ments are listed in Table 4. The pre-treatment method did
not strongly affect the inulin content of Jerusalem artichoke
tea infusions. Still, the lowest inulin content was observed
for citric acid pre-treatment, which was ascribed to the fact
that inulinase, an enzyme catalyzing the breakdown of
inulin, is most active at pH 5 (Jhon and Kim, 1988).

The inulin content of ground Jerusalem artichoke tea
infusions (48.75-122.90 mg/100 mL) was significantly
higher than that of sliced Jerusalem artichoke tea infusions
(28.99-72.32 mg/100 mL) prepared under the same con-
ditions, while the inulin content of hot tea infusions
(61.06-122.90 mg/100 mL) significantly exceeded that of
cold tea infusions (28.99-69.27 mg/100 mL). Notably,
inulin solubility equals ~ 6 wt% at 25 °C, increasing to
35 wt% at 90 °C (Ahmed and Rashid, 2019). For this
reason, most industrial extraction processes employ hot
water diffusion systems (Paseephol et al., 2007).

Total phenol contents of Jerusalem artichoke tea
infusions

The total phenol contents of hot and cold tea infusions
prepared using different pre-treatments are presented in
Fig. 1. The decrease in total phenol content after soaking
can be attributed to the leaching of phenols into the soaking
solution (Afify et al.,, 2012). The infusion of Jerusalem
artichoke tea subjected to acetic acid pre-treatment had the
highest total phenol content. These results were ascribed to
the effects of soaking solutions on the activity of
polyphenol oxidase, the main enzyme responsible for the
oxidative degradation of phenolics (Tan et al., 2015). This
enzyme is most active at neutral pH, whereas the Jerusalem
artichoke tuber soaked in acetic acid had a pH of 4.61
(ZIYAN and PEKYARDIMCI, 2003). Thus, the inhibitory
effect of acetic acid was ascribed to maintaining pH well
below that necessary for optimal polyphenol oxidase
activity.

In general, total phenol contents were significantly
higher in ground tea infusions (1.09-8.6 mg GAE/100 mL)
than in sliced tea infusions (0.05-4.55 mg GAE/100 mL).
Thus, diffusion efficiency was higher for the former infu-
sions, i.e., the tea particle size affected the extraction
efficiency. These results were attributed to the fact that
more time was required for complete surface wetting and
bioactive compound extraction in the case of larger leaves
(Castiglioni et al., 2015). And those results are agreed with
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Table 4 Inulin contents of different infusion method of Jerusalem artichoke tea

Sample Soaking treatment Particle size Inulin content (mg/100 mL)
Hot infused Jerusalem artichoke tea Control (without soaking) Sliced 72.32 4+ 2.87 %
Ground 122.90 + 8.01 X
Distilled water Sliced 65.73 + 1.26 ®Y
Ground 94.49 + 3.54 X
1% NaCl Sliced 62.02 £ 1.51°
Ground 91.72 &+ 0.97 ™X
1% CaCl, Sliced 61.23 4+ 547 °Y
Ground 91.71 4 4.95 °X
1% Citric acid Sliced 61.06 &+ 0.97 °Y
Ground 88.98 + 2.80 X
1% Acetic acid Sliced 64.07 &+ 3.05 °Y
Ground 95.24 + 1.89 X
Cold infused Jerusalem artichoke tea Control (without soaking) Sliced 4033 + 1.38 ¥
Ground 69.27 & 2.86 ¥
Distilled water Sliced 30.88 + 0.92 °Y
Ground 52.29 4 3.48 °X
1% NaCl Sliced 29.65 + 2.36 °Y
Ground 49.39 + 1.39 X
1% CaCl, Sliced 30.67 £ 1.79 Y
Ground 49.40 £ 2.99 "X
1% Citric acid Sliced 28.99 + 4.45°Y
Ground 48.75 4 3.04 °X
1% Acetic acid Sliced 31.59 + 0.91 °Y
Ground 50.70 + 2.06 °X

*PEach value indicates statistically significant differences (p < 0.05) between the acrylamide levels obtained for different soaking treatments but

the same particle size and steeping temperature

*¥Indicate statistically significant differences (p < 0.05) between the acrylamide levels obtained for different particle size but the same soaking

treatment and steeping temperature

those of Lee et al. (2014), who reported that the use of
smaller particles improves the efficiency of phenol
extraction from puffed Jerusalem artichoke tea.

Hot tea infusions had significantly higher total phenol
contents (1.03-8.6 mg GAE/100 mL) than the corre-
sponding cold tea infusions (0.05-3.53 mg GAE/100 mL).
Similarly, Venditti et al. (2010) showed that the total
phenol contents of green tea infusions were higher when
extraction was performed with hot water for 7 min than in
the case of 2-h extraction with cold water. This finding
suggests that the type and amount of phenolic compounds
as well as the extraction temperature and time corre-
sponding to the highest antioxidant capacity depend on the
tea type. Therefore, in the present study, the total phenol
contents of hot and cold Jerusalem artichoke tea infusions
reflected their phenolic compound speciation.

@ Springer

ABTS free radical anion scavenging activity

Figure 2 present the ABTS radical anion scavenging
activities of hot and cold Jerusalem artichoke tea infusions,
respectively. In the present study, although some small
differences were observed among Jerusalem artichoke tea
infusions, the general trend of antioxidant activity matched
that of total phenol content. Infusions prepared using acetic
acid pre-treatment had the highest activity, whereas the
lowest activity was observed for distilled water pre-treat-
ment. In general, total phenol content was significantly
higher in ground tea infusions (161.67-1700.56 pM TEAC
(Trolox equivalent antioxidant capacity)/L) than in sliced
tea infusions (488.9-2833.89 uM TEAC/L). In addition,
hot tea infusions had significantly higher total phenol
contents (595-2833.89 uM TEAC/L) than the respective
cold tea infusions (161.67-789.44 uM TEAC/L).
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Fig. 1 Total phenol contents (expressed as mg gallic acid equivalents (GAE) per 100 mL) of Jerusalem artichoke tea. (A) Hot infused Jerusalem

artichoke tea. (B) Cold infused Jerusalem artichoke tea

This study reports the effects of soaking treatment on the
acrylamide/inulin contents and antioxidant activity of hot
and cold teas prepared from sliced and ground Jerusalem
artichoke. The 1-h soaking (before roasting) of Jerusalem
artichoke in distilled water or 1% NaCl, 1% CaCl,, 1%
citric acid, and 1% acetic acid solutions significantly sup-
pressed acrylamide formation, with the largest effect
observed for acetic acid. The use of hot water and small tea
particles increased acrylamide levels. Regarding inulin
contents, no significant differences were observed among
soaking treatments, and small particle size and high tem-
perature were found to favor inulin extraction. The highest

total phenol content and antioxidant activity were observed
for the hot infusion of ground tea subjected to soaking in
1% acetic acid. Thus, considering the levels of acrylamide/
inulin and antioxidant activity, the best tea preparation
conditions were identified as the hot infusion of ground tea
pre-soaked in 1% acetic acid. The obtained results are
expected to facilitate the further optimization of Jerusalem
artichoke tea processing in terms of acrylamide reduction.
In the future, more research will be needed on methods of
reducing acrylamide in Jerusalem artichoke because it is
still selling as health food in Korea.
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