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In this study, production of a gluten-free snack food was aimed by using different
plant materials. For this purpose, based on the results of preliminary studies, various
spices (turmeric, spice mix and blue poppy), chickpea flour, aquafaba and
tahini/olive oil in addition to Jerusalem artichoke (JA) (Helianthus tuberosus L.) and
carrot (Daucus carota) as tuber plants were used according to the most preferred
recipe. The analyses of total polyphenol (TP) and flavonoid (TF), antioxidant
capacity (AC) and bioaccessibility of TP were made to determine the functionality
of the enriched snacks. The products were also evaluated by sensorial based on the
parameters of colour, odour, taste, hardness, crispness and general acceptability.
According to the results, depending on the oil source used, the significant difference
(p<0.05) in TP and TF contents, TP bioaccessibilitiecs and AC values at the end of
gastric and intestinal digestion stages was detected. The AC value (621.96 mmol
AAE/100g DM), TF (1.26 mg RE/g DM) and TP (0.95 mg GAE/g DM) amounts of
the snack with tahini were determined more than the one with olive oil. However,
TP bioaccessibility of snack with olive oil was higher compared to that with tahini.
While snack with tahini was preferred in terms of crispness by the panelists, the
product containing olive oil was more preferred in terms of other sensorial properties.
Consequently, this study revealed that both snacks are beneficial regarding
functionality and sensory properties.

1. Introduction

[1, 4], carrot is very rich in B-carotene and dietary
fibers [S]. There have been limited attempts to

Snack foods are one of the most popular products
liked by the majority of consumers. However,
the most common grain-based ones, such as
starch-rich wheat, corn and rice, are not
sufficiently rich in bioactive compounds [1]. For
this reason, today, there is an increasing demand
for health-promoting and easily accessible
functional snacks with enhanced nutritional
value [2]. In recent years, various ingredients
such as fruits, vegetables, whole grains and
proteins have been incorporated into the
formulations used for snack food production [3].
Jerusalem artichoke (JA) and carrot, which are
rich in bioactive compounds, have high potential
as an ingredient to improve the nutritional quality
of these products. While JA is a good source of
inulin as a dietary fiber and phenolic compounds

use these two plants in snack food production.
Takeuchi & Nagashima [6] dried JA tubers to
produce chips. In the study of Peksa et al. [1],
corn snack was enriched with JA flour. Carrot
was dried [5, 7-9] or deep-fried [10] to produce
carrot chips.

Many snacks on the market contain wheat, so
gluten, considered the backbone of the food
industries due to its viscoelastic property.
However, gluten can have adverse effects to the
consumer. This has led to the growing adoption
of a gluten-free diets and therefore an increased
demand for gluten-free foods [11, 12]. In recent
years, legumes with high protein content have
been preferred instead of wheat in gluten-free
diets [13]. Chickpea flour, one of these legumes,
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contains high amounts of important nutrients
such as proteins, dietary fibers, carotenoids,
polyphenols and minerals [14-16], and is a
potential ingredient used in some products owing
to its high water and oil absorption capacity [17].

It also has a lower glycemic index than wheat
flour, which is important for diabetics and people
with insulin resistance [16, 18]. There are
numerous studies in which chickpea was used in
various gluten-free products such as bread,
cookie, biscuit and pasta [15, 19, 20].
Additionally, aquafaba, obtained by cooking of
legumes such as chickpea, is a viscous liquid
widely used in many products such as yoghurt
[21], tomato powder [22] and confectionery [23]
as an alternative to egg white for creating stable
edible foams and emulsions with functional
properties. To the best of our knowledge, there
is no study on use of JA, carrot, chickpea and
aquafaba together as ingredients in functional
snack production. The aim of this study was to
produce a gluten-free and functional snack food
and to evaluate it based on some quality
parameters (TP, bioaccessibility of polyphenols,
TF, AC and sensorial properties). Additionally,
the effects of olive oil and tahini, both rich in
polyphenols and used as an oil sources, on these
parameters were investigated.

2. Materials and Methods
2.1. Raw materials

JA tuber, carrot, chickpea flour, aquafaba, olive
oil and tahini (as oil sources) and various spices
(turmeric, a spice mix called cajun and blue
poppy) were used to make the gluten-free snack.
All ingredients were purchased from a local
market, except for the chickpea flour and
aquafaba, which were obtained by processing
chickpeas in the laboratory.

2.2. Processing of the gluten-free snack food

Formulation studies were carried out to develop
a JA and carrot-based snack, taking into account
literature data [3, 5, 9, 24], preliminary trials and
sensory properties. The most suitable recipe
obtained is presented in Table 1. The prepared
snack dough mixture, based on this recipe, was
divided into two portions. Olive oil was added to

one portion and tahini to the other, as oil sources,
to provide crispness to the snack. The spices
listed in Table 1 were used to aromatize the
snack.

Table 1. Gluten-free snack food formulation

Ingredient Amount (%)
JA 15.0

Carrot 15.0
Aquafaba 46.0
Chickpea flour 23.0
Turmeric 0.2

Spice mix (cajun) 0.2

Blue poppy 0.3

Tahini / olive oil 0.3

To obtain the juice of boiled chickpeas, known as
aquafaba, the chickpea seeds were cooked in
water (1:5 chickpea/water ratio) for 30 min in
boiling water at 98°C, then left to stand for 12 h
before being drained [25]. Then, the juice known
as aquafaba was taken into a separate container
to be used as an emulsifier in the formulation.
The remaining cooked chickpeas were used to
obtain flour according to the method of Hong et
al. [26] with some modifications. Briefly, they
were dried in an oven at 50°C until their moisture
content reached 10% for safe storage, then
ground into a powder using a laboratory grinder
and then sieved.

The baked product was prepared by following the
general procedure reported in the literature, with
some modifications [27, 28]. Firstly, JA and
carrot were washed and the unusable parts were
removed. After peeling, they were grated and
mixed with chickpea flour. Then, aquafaba,
spices, olive oil/tahini were added. The produced
dough was kneaded thoroughly, sheeted to 3 mm
thickness wusing a roller, cut into pieces
measuring 7.5 X 5 cm and baked at 180°C for 15
min on wax paper in a convection oven (Inoksan
FKE 006, Bursa, Turkey). The baked snacks
were allowed to cool at the room temperature for
30 min and stored in polyethylene bags until
analysis.

2.3. Polyphenol extraction
The snacks were ground and sieved to obtain

150-300 pum particle size. The ground samples
were extracted in falcon tubes using an 80%
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aqueous methanol solution at a sample/liquid
ratio of 1/10 on a mechanical shaker for two
hours at room temperature [29]. After 2h, the
mixture was centrifuged for about 15 min at
10.000 rpm and then filtered through Whatman
No.l filter paper. The obtained extract was
stored at -18°C in falcon tubes until TP, TF, AC
and in-vitro digestion analyses. Methanol was
chosen because it is commonly used for
polyphenol extraction [30]. Each extraction
process was performed in thriplicate.

2.4.Determination of TP, TP Bioaccessibility,
AC and TF

Folin-Ciocalteu reagent was used for TP analysis
according to ISO 14502-1:2005 method [31].
The results were determined on the basis of gallic
acid (5-50 pg/mL) standard curve (R*=0.9968)
and expressed as mg gallic acid equivalents
(GAE) per gram of dry matter (DM). The
bioaccessibility of polyphenols was assessed
using the method of Minekus et al. [32], under
simulated gastric and intestinal conditions. The
method was briefly applied as follows.

Gastric phase

10 mL of extract was mixed with 7.5 mL of
gastric fluid, 1.6 mL of stock pepsin solution, 5
mL of 0.3 M CaClz, 0.2 mL of IM HCI (to adjust
the pH to 3), and 0.695 pL of water. The mixture
was incubated for 2 h at 37°C in a shaking water
bath (Memmert WNB 22), then centrifuged at
12.000 rpm for 10 min (Sigma 3K30) and filtered
from Whatman no:1.

Intestinal phase

10 mL o gastric fraction, 5.5 mL of intestinal
fluid, 2.5 mL of pancreatin solution, 1.25 mL of
160 mM bile, 20 pL of 0.3 M CaClz, 0.075 mL
of 1 M NaOH (to adjust pH to 7), and 0.655 mL
of water were mixed. The mixture was incubated
at 37°C in a shaking water bath for 2 h.

For both stages, the mixtures were centrifuged at
12.000 rpm for 10 min (Sigma 3K30) and filtered
from Whatman no:1. The blank was prepared
under the same conditions using the same
chemicals, except for the extract. After each
stage, the amount of TP was determined by

spectrophotometer and the bioaccessibility (%)
of TP was calculated as follows (Equation 1);

Bioaccessibility (%) = (C digested/C undigestea) X 100 (1)

C gigested: Concentration of the compound after the gastric
or intestinal digestion (mg)

C  undigesed:  Concentration of the compound in the
undigested sample (mg)

The percentage inhibition of 2,2,diphenyl-1-
picryl-hydrazyl (DPPH) radical was calculated
for the determination of AC [33]. A standard
curve of reference antioxidant ascorbic acid (0-
150 pg/mL) was assayed under identical
conditions for its affinity to scavenge DPPH
(R*=0.9975) and the results were converted to
ascorbic acid equivalent (AAE). TF of
undigested samples was analyzed
spectrophotometrically [34] and assessed based
on the regression equation of rutin (0-1500 ppm)
standard curve (R?> = 0.9997). Since flavonoids
are also members of polyphenols, their
bioaccessibility analysis was not required.

2.5. Sensory evaluation

The sensory analysis was conducted by 10
trained panel members from the Department of
Food Engineering at Bursa Uludag University.
Samples were placed on white plates, identified
with random three-digit numbers and evaluated
based on colour, odour, taste, hardness, crispness
and overall acceptability. Sensory assessment
was performed using a five-point hedonic scale
ranging from “dislike extremely” (1) to “like
extremely” (5) [35]. The panel members were
asked to rate their preference for the above
properties of the snacks.

2.6. Statistical analysis

The statistical evaluation was performed using
SPSS software (SPSS statistics 23, IBM.2015).
Data were analyzed using analysis of variance
(ANOVA) and compared by post hoc multiple
comparison test.

3. Results and discussion
TP, AC and TP bioaccessibility values of JA and

carrot-based gluten-free snacks are given in
Table 2. The initial (undigested stage) TP (0.95
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mg GAE/g DM) value of the snack with tahini
was found to be higher than that of the sanack
with olive oil (0.56 mg GAE/g DM). However,
contrary to this result, Borchani et al. [36]
reported that the TP content of tahini (16.82 mg
caffeic acid/kg oil) was lower than that of olive
oil (52.33 mg caffeic acid/kg oil). The TP values
determined in this study were in agreement with
those reported by Dogan [37] (48.80-125.07 mg
GAE/100g sample for chips produced using
mushroom powder and wheat flour) and Erdogan
[38] (559.32 mg GAE/kg for chips produced with
red beet, olive oil and thyme). Additionally,
Takeuchi & Nagashima [6] stated TP content of
the chips produced from JA as 0.38-0.61 mg
GAE/g DM, which was partially consistent with
the TP wvalues determined in this study.
However, it was reported that TP values were
4.76-14.74 mg GAE/g DM in chips obtained
from persimmon [39] and 1.74-5.52 mg GAE/g
DM in red and purple potato chips [40], which
were higher than those determined in this study.
This difference can be attributed to variations in
raw materials and processing methods.

As in TP content, the initial AC (621.96 mmol
AAE/100g DM) value of the snack with tahini
was found to be higher than AC (353.06 mmol
AAE/100g DM) value of that with olive oil,
which may be due to its higher TP content. This
is because a strong relationship between TP and
AC, reported in many previous studies [41-43].
A comparison of the AC values of the snacks in
this study with those reported in the literature
was not feasible due to differences in standard
compounds used and antioxidant methods
applied in those studies. Additionally, the results
were expressed in different units.

The snacks with tahini and olive oil both showed
a similar trend in terms of TP value after
digestion. TP value of both snacks decreased
significantly (p<0.05) at the end of the gastric
stage compared to the initial one, but no
significant change was observed in the intestinal
stage compared to gastric one (p>0.05).
However, both snacks showed different trends in
terms of TP bioaccessibility. TP bioaccessibility
of the snack with olive oil after digestion was
higher than that of the snack with tahini (Table
2). While it decreased significantly (p<0.05) after
the gastric stage, no change was observed after

the intestinal stage. TP bioaccessibility of the
snack with tahini showed a tendency to decrease
significantly (p<0.05) after both stages. This
may be attributed to the different types of
phenolic compounds found in tahini and olive oil
and the low stability of polyphenols during
intestinal  digestion due to the alkaline
environment [44].

Y. Chen et al. [45] reported that the dominant
phenolic compound in tahini is sesamin, which
has a strong antioxidant capacity but is lost after
gastrointestinal digestion. The decrease in TP
after digestion has also been reported by previous
researches. The TP content of noodle [46, 47]
and enriched noodle with peanut skin extract [46]
showed a significant decrease after digestion.
Similarly, TP values of four different apple
cultivars [48] and ten different walnut cultivars
[42] decreased compared to their initial values
after in vitro digestion. On the other hand,
contrary to these findings, Wang et al. [49] stated
that TP of grape pomace remained the same after
the gastric digestion compared to the initial
value, but decreased after the intestinal stage.
Also, TP contents of undigested pomegranate
products and wastes showed different trends after
digestion, depending on the material and the
solvent used in extraction [44]. This discrepancy
in the results is thought to be due to differencies
in the materials studied and digestion conditions.

While the initial AC value was higher in the
snack with tahini than that with olive oil, higher
AC was detected in the snack with olive oil after
digestion, similar to the trend observed in TP
bioaccessibility. In previous studies [50, 51], it
was reported that the bioaccessibility of olive oil
phenolics which have lower antioxidant activity
than those of tahini was quite high, which is
consistent with the results of this study. On the
other hand, it is thought that regardless of the
type of snack, the spices used in the formulation
may also contribute significantly to its AC. This
is supported by numerous studies that have
reported AC of many spices, particularly
turmeric [52-54].

In terms of TF, when tahini was used instead of
olive oil in the snack dough, a much higher TF
was detected in the snack (Table 3), which was
consistent with the TP and AC results of the
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samples. When the TF content of the snacks was
compared with their TP ones, it was observed
that the TF values of both snacks were higher.
However, contrary to this result, Elhussein et al.
[55] found the TF (0.37 ppm) content of tahini to

be lower than TP (1.24 ppm). This discrepancy
could be explained by differences in the
composition of the sesame used and the method
of tahini production.

Table 2. TP (mg GAE/g DM), AC (mmol AAE/100g DM) and in-vitro TP bioaccessibility (%) of snacks

Digestion stage

Snack type Initial/Undigested Gastric Intestinal
P Snack with tahini 0.95 +0.03" 0.21 +0.01° 0.19 + 0.00
Snack with olive oil 0.56 + 0.00° 0.45+0.01° 0.43+0.01°
TP Snack with tahini 100.00 + 0.00° 21.72£0.53° 20.23+0.18*
bioaccessibility  Snack with olive oil 100.00 + 0.00° 80.17 + 2.54° 76.03 +£1.45%
AC Snack with tahini 621.96 + 6.29° 165.69 +2.35° 108.96 + 3.67*

Snack with olive oil

353.06 £ 14.96°

322.38+5.18° 261.83 + 1.96°

* In each row values with different letters are significantly different (p < 0.05).

Table 3. TF amount (mg RE/g DM) of snacks

Snack Snack with tahini 1.26+0.09
type Snack with olive oil 0.62+0.05

Sensory analysis was conducted on the snacks
based on six different parameters using a hedonic
scale and the results were evaluated using a
spider web (radar) model (Fig. 1). The
parameters were selected from key quality
attributes commonly used in snack product

evaluation. The results revealed that the snack
with olive oil had higher hedonic ratings than the
snack with tahini in terms of colour, taste, odour,
hardness and overall acceptability. However, in
terms of crispness only, it was observed that the
snack with tahini was rated slightly higher. As a
result, both snacks can be recommended as
alternative functional snack foods to those
currently available on the market.

e tahini olive oil
colour
5
&
general acceptibility 5 taste
1
0
crispness K odour
hardness

Figure 1. Sensory properties of snacks

4. Conclusion

The aim of this study was to develop a new recipe
for gluten-free snack chips and evaluate them
with respect to quality parameters. Chickpea
flour, aquafaba, Jerusalem artichoke (JA), carrot
and tahini/olive oil were used in certain
proportions to produce the snack chips. The
experimental results showed that the product
with tahini had higher TP and TF contents and
AC compared to the one with olive oil. On the

other hand, after in vitro digestion, it was
revealed that both snacks exhibited a similar
trend in terms of TP content. However, in terms
of TP bioaccessibility, it was determined that the
polyphenols of snack with olive oil had higher
bioaccessibility and also their AC was higher
than that of snack with tahini. According to the
sensory analysis results, both snacks were found
to be acceptable, however, it is suggested that
formulation studies may be continued to further
improve their sensory and functional properties.
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There are very limited studies on enriched
healthy snacks and their bioaccessibility.
Therefore, this research enables to fulfil the gap
in the literature on gluten-free snacks. It is also
believed that the data obtained will provide
useful insights for both consumers and producers
and this study will provide the basis for further
research.
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