Food Technology Research Journal, Vol. 4, issue 1, 16-34, 2024

FT

Evaluation of Free Gluten Biscuits Substituted with Quinoa and Jerusa-

lem Artichoke Flours as Functional Foods

“"Heba, A. Barakat, 'Nahed, L. Zaki & *Naglaa, A. Shedeed

'Experimental Kitchen Research unit, Food Technology Research Institute, Agricultural Research
Center, Giza, Egypt.

*Department of Food Technology, Food Industries and Nutrition Research Institute, National
Research Centre, Dokki, Cairo, Egypt.

ABSTRACT

This study aimed to develop gluten-free biscuits with enhanced nutritional value and
taste, while reducing high-calorie ingredients, particularly sugar. Two formulations have
been devised to create biscuits customized for people with gluten allergies. Corn flour
has been replaced with chickpea flour at a consistent rate of 20% to boost nutritional val-
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ue with its high protein content. Furthermore, quinoa flour (QF) has been added in differ-
ent quantities (20%—40%) for its protein richness (14.87%) and amino acid content. An-
other option suggests using Jerusalem artichoke (JAF) flour, used as a sugar substitute, as
it is known for its health benefits and high inulin content. It has been integrated into bis-
cuit formulations at levels from 20% and 40%. Both formulations have also undergone a

1/06/2024 reduction in sugar content of 15% and 30%. The chemical properties and phytochemical
content of the raw materials were evaluated. Jerusalem artichoke flour (JAF) exhibited
the highest antioxidant activity (92.02%). The addition of QF to biscuits increased pro-
tein content with higher replacement rates, as well as fiber content and mineral levels.
JAF was thoroughly examined in two specific formulations as a partial sugar substitute.

Keywords:

Free gluten biscuits — yellow The inclusion of JAF caused minimal changes in physical properties, and sensory evalua-

corn flour - chickpea — qui-
noa - Jerusalem artichoke

tions indicated satisfactory results, especially for biscuits containing up to 40% QF. Fur-
thermore, incorporating 20% JAF allowed for a 30% sugar reduction without affecting
flavor. Additionally, the QF-containing supplemented biscuits had a reasonably high es-
sential amino acid balance, indicating that they may help children with celiac disease
consume more amino acids.

1. Introduction small intestine's lining. This damage can lead to a range

Biscuits are widely accepted as a snack food by both
children and adults. They are also considered a valuable
supplementary food for undernourished children, making
them a common distribution item for developmental
agencies (Poole et al., 2021 and Kaur et al., 2019). Ad-
ditionally, gluten-free biscuits, such as those designed
for individuals with celiac disease, have become increas-
ingly prevalent in recent years (Man et al., 2014). An
autoimmune condition is celiac disease, characterized by
a genetic predisposition and triggered by the ingestion of
gluten-containing foods, which results in damage to the
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of symptoms, including gastrointestinal distress, malab-
sorption, and nutrient deficiencies. (Mirhosseini et al.,
2015). Demand for gluten-free products has increased,
which can be attributed to celiac disease, which has led
to people's elimination of gluten from their diet.
Combine the sections on corn, Jerusalem artichoke, qui-
noa, and chickpeas into a single paragraph highlighting
their key functionalities in gluten-free baking (Croall et
al., 2019). Considering this trend, there has been a surge
of interest in investigating the impact of GF
flour on biscuit development.
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The utilization of gluten-free (GF) flours, which
may comprise GF cereals, pseudocereals, and leg-
umes, either alone or in combination, has been
shown to be effective in the development of GF
bread, cakes, and biscuits. The authors reported that
this approach was suitable as it led to a significant
improvement in the nutritional quality of the bis-
cuits without any adverse effects on their sensory
properties. (Ronie et al., 2021; Man et al., 2014).
Corn, also known as maize (Zea mays L.), is fre-
quently referred to as the "Queen of Cereals," ac-
cording to FICCI Maize Vision 2022 (2018). Corn
is not only a promising whole cereal for the devel-
opment of nutritious foods but also a critical staple
cereal for food security. Jerusalem artichoke (JA)
tubers are rich in minerals, fiber, and inulin, a spe-
cial polysaccharide stored in them in place of
starch, making them a functional food ingredient
(Solayman et al, 2023 and Singthong and
Thongkaew, 2020). Inulin offers various health
benefits, such as promoting the growth of prebiotic
bacteria through fermentation by the gut microbiota,
which aids in its decomposition. Furthermore,
inulin stimulates the absorption of minerals
in the large intestine (Munim et al., 2017). Quinoa
(Chenopodium quinoa Willd.) is considered a high-
ly nutritious pseudo-cereal due to its rich content of
lipids, protein, fiber, vitamins, and minerals. It is
one of the rare plants that contains the highest per-
centage of protein among grains and the content of
essential amino acids. Quinoa has a significant posi-
tive effect on blood cholesterol, diabetes, and celiac
disease. Consumption of quinoa significantly reduc-
es levels of triglycerides, LDL, and total cholesterol
in the body. Additionally,  gluten-free quinoa of-
fers a valuable alternative for consumers with glu-
ten intolerance. Quinoa can be substituted for
wheat, rice, and corn in a variety of recipes, increas-
ing its potential for functional food applications. Its
ability to play an important role in promoting
healthy eating habits (Lorusso et al., 2017 and
Rizwan et al., 2020). As supported by scientific
literature, chickpea flour is a popular ingredient in
the culinary field that is known for its numerous
health benefits, and regular consumption of chick-

peas has been shown to improve cardiovascular
health, digestion, and blood sugar regulation.
Chickpea intake has also been linked to the preven-
tion of skin diseases and improved eyesight, serving
as an effective remedy for cataract and glaucoma
prevention. Studies have demonstrated that the con-
sumption of chickpea meals 2-3 times per week can
significantly reduce blood sugar levels. (Gupta et
al., 2019). Gluten-free products were lower in pro-
tein, total sugar, vitamin D, calcium, and iron than
gluten-containing products. Food manufacturers
should pay more attention to the nutritional content
of GF products (Al-Zaben et al., 2023), so this
study aimed to develop gluten-free biscuit recipes
using two flour blends: yellow corn flour, quinoa
flour, and chickpea flour; and corn flour, Jerusalem
artichoke flour, and chickpea flour. We evaluated
the physical, chemical, and sensory characteristics
of the resulting biscuits to assess their suitability as
a wheat flour substitute for individuals with celiac
disease. Additionally, the feasibility of reducing
added sugar content in Jerusalem artichoke biscuits
and its impact on sensory acceptability were
explored.

2. Material and Methods

Materials

Yellow corn flour, quinoa seeds (Chenopodium
quinoa Willd.), and chickpea seeds (Cicer arietinum
L.) were all obtained from a local market. Jerusalem
artichoke tubers were acquired from the Potato and
Vegetatively Propagated Corps Department of Re-
search, Horticultural Research Institute, Agricultur-
al Research Center, Giza, Egypt.
Preparation of raw materials

Jerusalem artichoke tubers were dried in an elec-
tric oven dryer at 50°C overnight until a constant
weight was achieved Quinoa seeds, chickpea seeds,
and the dried tubers were then ground using a
MIENTA super blender (Model BL-721) to pass
through a 70mm sieve. As the flours are hygroscop-
ic (meaning they readily absorb moisture from the
air), they were finally stored in sealed polyethylene
bags before further use in biscuit preparation and
analysis.
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Biscuit samples

The biscuits were prepared at Tortilla Bread Re-
search unit, Food Technology Research Institute,
Agric. Res. Center. The ingredients used to make

biscuits are detailed in Table 1. Biscuits were made
following the method described by (Amira et al.,
2018) with some modifications.

Table 1. Ingredients used in the processing of biscuits at different replacement levels of Quinoa and

Jerusalem artichoke flours

Jerusalem

Chickpea

Formula Yellow Corn uinoa . Sugar Ghee E Bakin s
(@  flour (YCF) i (QF) ﬂa(fgfl(lj"i‘;) flour (CF) > % owde Vanillin
C 100 - - 30 30 24 1.6 1
T1 60 20 - 20 30 30 24 1.6 1
T2 40 40 - 20 30 30 24 1.6 1
T3 60 - 20 20 30 30 24 1.6 1
T4 60 - 24.5 20 25.5 30 24 1.6 1
T5 60 - 29 20 21 30 24 1.6 1
T6 40 - 40 20 30 30 24 1.6 1
T7 40 - 44.5 20 25.5 30 24 1.6 1
T8 40 - 49 20 21 30 24 1.6 1

C (control YCF), T1(20% QF), T2(40% QF), T3 (20% JAF), TA(JAF with reducing 15%sugar), T5 (JAF with reducing 30%
sugar) T6(40% JAF), T7(JAF with reducing 15%sugar), T8 (JAF with reducing 30%sugar)

Preparation of biscuits

First, sugar and butter were creamed together in
a mixer for one minute. Eggs were beaten separately
before being combined with vanilla extract. The dry
ingredients (baking powder and the specific flour
blend used (Table 1) were mixed and gradually add-
ed to the wet mixture (creamed butter, eggs, and
vanilla) with continuous beating until a smooth
dough formed. The dough was then rolled out using
a rolling pin on a lightly floured surface to a thick-
ness of 3 mm. Circles with a 5 cm diameter were cut
from the dough and placed on a greased baking
sheet. The biscuits were baked in a preheated elec-
tric oven at 180°C for 15-20 minutes. After baking,
the biscuits were cooled at room temperature for
one hour before sensory evaluation.
Chemical analysis

The chemical composition of various samples,
including levels of moisture, protein, ash, fiber and
fat, were determined according to the (AOAC 2005)
method. Total carbohydrate content was calculated
through subtraction using Following equation:
Total carbohydrate (%) = 100 - (protein% + fat% +
moisture% + ash%)

To calculate the energy value of the samples, the
appropriate factor outlined by (FAO/WHO/UNU
1985) was utilized. The equation used for this
calculation is:
Total calories (Kcal/100g) =
(carbohydrates%) + 9 (fat%).
Determination of inulin of Jerusalem arti-
choke and phytochemical compounds
Determination of inulin

The inulin content of the samples was assessed
in accordance with the methodology recommended
by (Prosky and Houbregs 1999).
Determination of minerals

Microwave digestion using a Multiwave Go
Plus system was employed to prepare the biscuit

4(protein%) + 4

samples for mineral analysis iron (Fe), magnesium
(Mg), potassium (K), zinc (Zn), calcium (Ca), cop-
per (Cu), and sodium (Na). The digestion process
was followed by quantification of the minerals
using microwave plasma Atomic Emission Spec-
troscopy (MP-AES) via a model 4210 instrument
manufactured by Agilent in Malaysia. The method-
ology followed the guidelines established by the
(AOAC 2019).
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Total Phenolic Content

The total phenolic content of the biscuits was
determined wusing a modified Folin-Ciocalteu
method described by (Rocha and Morais 2002).
Gallic acid equivalent (mg G.A.E.) per 100g of each
treatment was used to express the total phenol
content.

Determination of total flavonoids content
The total flavonoid content of the biscuit sam-
ples was determined using the AICIl:s method de-
scribed by (Ordonez et al., 2006) on methanolic ex-
tracts. Total flavonoid content, expressed as querce-
tin equivalents, was determined according to
(Marinova et al., 2005).
Radical Scavenging assay for DPPH
The free radical scavenging capacity of the bis-
cuit extracts was evaluated using the DPPH assay as
described by (Cuendet et al., 1997) with slight mod-
ifications. The capacity to scavenge the DPPH was
calculated using the following equation:
DPPH Scavenged (%) = ((A B—-A A) /A B) x100
where AB is absorbance of blank at t= 0 min; AA is
absorbance of the sample an at t= 30 min.

Sensory characteristics of experimental

baked sweet biscuits

The sensory qualities of the biscuits were as-
sessed using the technique in a preliminary investi-
gation to establish the acceptable sensory level (San
José et al., 2018). A panel of fifteen seasoned
judges with backgrounds in food technology con-
ducted it. In Giza, Egypt, at the Agricultural Re-
search Center. Many quality attributes, including
color (20), texture (20), taste (20), appearance (20),
flavor (20), and overall acceptance (100), were giv-
en scores.
Physical properties

After baking, the biscuit samples were cooled to
room temperature, stored in airtight polyethylene
bags for further analysis, and then measured for
various physical properties including thickness, di-
ameter, spread ratio, weight, volume, and specific
volume. Thickness, diameter, and spread ratio were
measured 30 minutes after removing the biscuits
from the oven. Specific volume was determined

following the method described by (Laukova et al.,
2016). This involved weighing each biscuit and
measuring its volume by rapeseed displacement.
The volume was then divided by weight to calculate
the specific volume.

Color measurement

The color of the biscuits was measured using a
hand-held portable colorimeter (CHROMA
METER CR-400, Japan). The instrument was cali-
brated using the white tile, and the results were
expressed with respect to lightness (L*), redness
(a*), and yellowness (b*), and the total color
variation index (AE)

Water activity measurement

Water activity (aw) of the biscuit was measured
using a rotronic Hygro Lab EA10-SCS Switzerland)
aw meter. The measurements were performed in
triplicate.

Textural profile analysis (TPA)

Textural profile analysis (TPA) was performed
on the biscuit samples using (Texture Pro-CT V1.6
Build, Brookfield, Engineering Labs, Inc.) equipped
with a 3 R probe, 50% compression, and a test
speed of 1.0 mm s—1, The test conditions were 50%
compression, a test speed of 1.0 mm/s, and three
replicates per sample. TPA measurements included
cohesiveness, hardness, fracturability, springiness,
and chewiness.

Determination of amino acids

A high-performance amino acid analyzer
(HIPAA; Biochrom 30) was utilized to analyze the
amino acid content of the samples. Data collection
and processing were performed using EZChrom
software. The chemical score of essential amino
acids (EAA) was relatively calculated according to
(FAO/WHO 2007) using the following equation:
Chemical score (%) = (EAA in crud protein sample
x100) / EAA of FAO/WHO
Determination of protein efficiency ratio

The protein efficiency ratio (PER) was calculat-
ed using a regression equation suggested by
(Alsmeyer et al., 1974).

PER= -0.684+ 0.456 (Lucien) - 0.047 (Proline)

Food Technology Research Journal, Vol. 3, issue 2, 16-34 , 2024

19



20

Evaluation of free gluten biscuits substituted with Quinoa and Jerusalem artichoke flours as functional foods

Determination of biological value

The biological value (B.V.) was determined in
accordance with the equation proposed by (Mitchel
and Block 1946), with the formula:

B.V.=49.9+10.53 (PER)

Statistical Analysis

All data were expressed as mean values. Statisti-
cal analysis was performed using one way analysis
of variance (ANOVA) followed by Duncans
Multiple Range Test with P >0.05 being considered
statistically significant (Snedecor and Cochran,
1980).
3. Results and Discussion
Chemical constituents of yellow Corn,
quinoa, Jerusalem artichoke and chick-
pea flours.

The results presented in Table 2. indicate that of

the raw materials used in the blends, chickpea flour
(CF) showed the highest protein content (20 %),
followed by quinoa flour (QF) (14.87%), while Je-
rusalem artichoke flour (JAF) had the lowest pro-
tein content (2.92%). This is consistent with (Xu et
al., 2014; Rizzello et al., 2016 and Ismael et al.,
2019). JAF also contains the highest percentage of
carbohydrates (85.78%) compared to other raw
materials and is characterized by an abundance of
inulin, which reached 82.34 (mg/g), which is
considered a functional dietary fiber. It is classified
as a type of fructo-oligosaccharide, and these sugars
are distinguished by their natural flavor. It is sweet
and has many health benefits (Seljasen and
Slimested 2005). Inulin has been shown to possess
properties that can effectively reduce blood sugar,
cholesterol, and lipid levels.

Table 2. Chemical constituents (g/100g) of YCF, QF, JAF and CF

Sample  Moisture Ash Protein Fat Carbzl(gfegra tes Fiber (I;él/lgn)
YCF  12.86“t.65 126413  8.44°t28  4.76°+.06 72.68b+.48 6.82%.65 -
QF 10.41°%£.24  2.00°+.07 14.87°+.12  7.30°+.17 65.42¢c+.29 7.51%.76 -
JAF 8.58+.24  2.14°+10  2.92°t09  0.58.06 85.78a+.14 6.87*£.59  82.34%.06
CF 10.79°£49 3.35%+23  20.00%+.35  5.05°+.04 60.81d+.35 2.60°+.64 -

Yellow Corn flour (YCF), Quinoa Flour (QF), Jerusalem artichoke Flour (JAF), Chickpea Flour (CF)
Mean + SD, any two means at the same column with different letters are significantly in p<0.05

Antioxidant activity, total phenols content
and total flavonoids of YCF, QF, JAF and
CF

Data in Figure 1. shows antioxidant activity,
total phenols, and total flavonoids in YCF, QF, JAF
and CF. The data reveled that JAF had highest the
antioxidant activity (92%), followed by CF, at
77.46%, and the lowest value was observed in QF
(62.55%). The total phenolic content of the four ex-
tracts was determined using a linear gallic acid
standard curve. The extracts exhibited ranged in to-
tal phenolic content from 70.88 to 48.99 mg
G.A.E/100g. QF's total phenolic content (62.70 mg
G.A.E/100g), was lower values report previous
studies by (Inglett et al., 2015 and Gomez-Caravaca
et al., 2014). The data in Figure 1. indicated that the

total flavonoid was higher in JAF (15.54 mg Qu/g)
Compared to YCF (6.07 mg Qu/g) This aligns with
the findings of (Niziot-Lukaszewska et al., 2018),
who reported that ultrasound-assisted extraction of
Jerusalem artichoke tubers resulted in significantly
higher phenolic and flavonoid content compared to
traditional extraction methods (5.07 and 7.14 fold
increase, respectively).

Sensory evaluation of corn biscuits re-
placed by different percentages of quinoa

flour

Sensory evaluation of corn biscuits partially re-
placed with quinoa flour was conducted on samples
containing 20% (T1) and 40% (T2) quinoa flour.
The results in Figure 2. showed that adding quinoa
flour improved the taste of the biscuits compared to

Food Technology Research Journal, Vol. 3, issue 2, 16-34 , 2024
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the control by up to 40%. There were no statistical-
ly significant differences between the control and
both T1 and T2 in other sensory characteristics. The
radar chart (Figure 2) indicates the overall sensory
evaluation, with a larger area representing a higher
score. Sample T1 had the largest area, followed
by T2 and the control (areas of 6, 5.7, and 5.6)
respectively. The improved taste with quinoa flour
addition is attributed to the high fat content in qui-
noa flour, which preserves the biscuit flavor. They
further explain that chickpeas, which may also im-
prove taste, have similar properties. The ability of
chickpeas to absorb water and oil is due to the polar
and nonpolar components in their proteins, fibers,
and carbohydrates (Segev et al., 2010). These com-
ponents provide functional qualities like lubrication,
fluidity, and creaming similar to those of lipids. Ad-
ditionally, the non-polar constituents in legumes
contribute to fat-soluble flavor development in
products with reduced fat content. These findings
align with (El-Hadidi et al., 2020), who reported
that adding 20% quinoa flour enhanced the sensory
appeal of biscuits. Sensory evaluation of corn bis-
cuits partially replaced with quinoa flour was con-
ducted on samples containing 20% (T1) and 40%

(T2) quinoa flour. The results in Fig. 2 showed that
adding quinoa flour improved the taste of the bis-
cuits compared to the control by up to 40%. There
were no statistically significant differences between
the control sample and both T1 and T2. In other
sensory characteristics, The radar chart (Fig. 2)
indicates the overall sensory evaluation, with a larg-
er area representing a higher score. Sample T1 had
the largest area, followed by T2 and the control
(areas of 6, 5.7, and 5.6, respectively). The im-
proved taste with quinoa flour addition is attributed
to the high fat content in quinoa flour, which pre-
serves the biscuit flavor according to (Segev et al.,
2010), they further explain that chickpea’s ability to
efficiently absorb water and oil is due to the polar
and nonpolar components they have in their pro-
teins, fiber, and carbs. These components provide
functional qualities like lubrication, fluidity, and
creaming similar to those of lipids. Additionally, the
non-polar constituents in legumes contribute to fat-
flavor development in products with
reduced fat content. These findings align with (EI-
Hadidi et al., 2020), who reported that adding 20%
quinoa flour enhanced the sensory appeal of bis-

soluble

cuits.

100
90

80
70
60
50
40
30
20
10
YCF QF JAF CF

m antioxidant activity%
m Total phenol (mg G.A./100g

m Total flavonoid mg qu./g

Figure 1. Antioxidant activity, total phenols content and total flavonoids of YCF, QF, JAF and CF
Yellow Corn flour (YCF), Quinoa Flour (QF), Jerusalem artichoke Flour (JAF), Chickpea Flour (CF)
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—CONTEO] —T1  —T2

taste

over all acceptabilty

appearance s # color

texture

Figure 2. Sensory evaluation of corn biscuits replaced by different percentages of quinoa flour
C (control YCF), T1(20% QF), T2(40% QF)

Control

Sample

T1

T2

arca 5.63

6 5.70

The results shown in Figure 3., reveal the consum-
er's preferred the taste of biscuits containing 20%
Jerusalem artichoke flour over the control sample,
this might be due to inulin, a component of JAF,
acting as a fat substitute and sweetener. The radar
chart (Figure 3) supports this, as the area enclosed
by T3 is similar to the control. It's important to note
that overall consumer acceptance decreased with
higher JAF concentrations (especially at T7 and
T8), likely due to the increased sugar replacement —
as indicated by the shrinking radar area values. In
summary, the results confirm the positive result of
adding 20% Jerusalem artichoke while, Reducing
sugar by up to 30%. There were noticeable color
variations between the control and the samples
containing artichoke flour added gradually to the
formulation. Like due to the Maillard reaction, espe-
cially at higher concentrations (T7, T8). The notice-
able dark color in these cookies is related to the
high concentration of artichoke flour. which is
aligns with the findings of (Sharoba et al., 2014).
The inclusion of Jerusalem artichoke flour (JAF) in
food products did not result in significant changes
in sensory attributes, indicating the absence of un-
desirable flavors. Its inclusion in food products can
contribute to a lower glycemic index and increased
nutritional value, ultimately promoting overall
health. Research by (Méndez-Yaiez et al., 2022).
suggests JAF's advantages extend beyond sensory
aspects.

Chemical composition of corn biscuits re-
placed by different percentages of quinoa
flour or Jerusalem artichoke flour

Table 3. shows the chemical composition of biscuits
formulated with partial replacements of (YCF) with
(QF) or (JAF). Compared to the control biscuits,
those containing QF (T1 and T2) had the highest
protein content. This is likely due to the addition of
chickpeas (present at 20% in all formulations except
the control) which are known to be high in protein.
Similarly, the protein content in biscuits with 20%
JAF (T3, T4, and T5) was also higher than the
control. (Samah 2004) supports this finding, report-
ing that combining cereals and legumes increases
protein content and improves protein quality in ce-
real-based foods. The ash content of all QF and JAF
-containing biscuits was higher than the control. In
terms of fat content, biscuits with QF (T1 and T2)
had the highest values compared to the control.
Conversely, all JAF-containing biscuits had the
lowest fat content but the highest protein, ash, and
fiber content compared to the control. These JAF-
containing biscuits also showed a modest decrease
in energy (2.06% to 3.86% reduction in calories)
compared to the control, which aligns with the find-
ings of (Doweidar et al., 2010). Interestingly, while
the JAF-containing biscuits were lower in calories,
those with QF (T1 and T2) had the highest caloric
values. This is because QF itself may have a higher
caloric content than JAF (Sharoba et al., 2014).

Food Technology Research Journal, Vol. 3, issue 2, 16-34 , 2024
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Interestingly, while the JAF-containing biscuits
were lower in calories, those with QF (T1 and T2)
had the highest caloric values. This is because QF
itself may have a higher caloric content than JAF.
(Sharoba et al., 2014) highlight that inulin, a major

Additionally, while chickpeas can contribute to en-
ergy content, (Gonzales et al., 2016) report a wider
range (105-526 kcal) for chickpea-based baked
goods, suggesting the specific chickpea content and

formulation can influence calorie content.

component of JAF, is a low-calorie food material.

Control

C (control YCF), T3 (20% JAF), T4(JAF with reducing 15%sugar), T5 (JAF with reducing 30%sugar) T6(40% JAF),

T7(JAF with reducing 15%sugar) T8 (JAF with reducing 30%sugar)

overall
aceptabilty|

appearance

texture

e ConNtrol
—T3
—T 4}

T5
—T6
—T7

— 8

C (control YCF), T3 (20% JAF), T4(JAF with reducing 15%sugar), T5 (JAF with reducing 30%sugar) T6(40% JAF),
T7 (JAF with reducing 15%sugar) T8 (JAF with reducing 30%sugar)

Figure 3. Sensory evaluation of replacing corn biscuits with different proportions of Jerusalem
artichoke flour and reducing sugar with different proportions

Samples

Control T3

T4 TS T6 T7 T8

Area

5.78

5.69

5.04 4.74 4.71 4.45 4.21

Table 3. chemical composition of corn biscuits replaced by different percentages of quinoa flour or
Jerusalem artichoke flour

. . Total ) Caloric Value

Sample  Moisture Ash protein Fat carbohydrate Fiber Keal /100g
C 2.84%+.11 094501  8.77912  16.85%+.67  70.62*+.83 53131 469.15+3.21
Tl 2.66+.05 1.44%11  11.80°£37  18.24%+.71 65.86"+.98 6.22°+.44  474.79°+3.95
T2 3.23%.17 17513 13.22%.13  19.68%1.28  62.12°¢1.05 8.03%.63 478.44°+7.14
T3 3.09%.35  2.22%10  9.80°.09 16.04°+.59 68.55%.42 6.19"+.76  456.01°°+9.02
T4 3.75%.14  2.23%07  9.77°+.15 15.88°+.58 68.37%+.84 6.18"+.44  454.10+2.65
T5 3.98%.18  2.54°%.10  9.45%.21 15.91%.09 68.12%+.52 6.15%+.67 453.47%+ .82
T6 3.72°:25  3.44%108  7.77°:11 15.58%.23 69.50%+.48 7.73%+ 53 449.30%.50
T7 3.78%£.03  3.63%+.11  7.68°+.06 15.40%.32 69.50%+.35 7.75%+£39  447.32°1.37
T8 3.99%28  3.31°%+12  7.60°+.08 15.25%.27 69.85+.61 7.70%+£.43  447.05°1.26

C (control YCF), T1(20% QF), T2(40% QF), T3 (20% JAF), T4(JAF with reducing 15%sugar), TS (JAF with reducing 30%
sugar) T6(40% JAF), T7(JAF with reducing 15%sugar), T8 (JAF with reducing 30%sugar)

Mean + SD, any two means at the same column with different letters are significantly in p<0.05
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Minerals contents of corn Dbiscuits
replacement by different percentages of

quinoa flour or Jerusalem artichoke flour

Table 4. shows the mineral contents of biscuits
formulated with partial replacements of corn of QF
or JAF. Overall, minerals were higher in quinoa
flour biscuits compared to Jerusalem artichoke and
control biscuits. All samples with 20% and 40% QF
or JAF addition had higher levels of potassium (K),
calcium (Ca), copper (Cu), and iron (Fe) compared
to the control. The greatest increase was observed in
sample T2, with a rise of 71.87% (K), 28.41% (Ca),
206.2% (Cu), and 22.43% (Fe) compared to the
control. Quinoa biscuits also had the highest Zn and
Mg content (3.56- 178.62 mg/100g) respectively in
T2 compared to the control (2.09-105.54 mg/100g)
respectively. Overall, minerals were higher in qui-
noa flour biscuits compared to Jerusalem artichoke
and control biscuits. All samples with 20% and 40%
QF or JAF addition had higher levels of potassium
(K), calcium (Ca), copper (Cu), and iron (Fe)
compared to the control. The greatest increase was

observed in sample T2, with a rise of 71.87% (K),
28.41% (Ca), 206.2% (Cu), and 22.43% (Fe)
compared to the control. The increase in important
minerals in biscuits depends on the amount of inulin
in Jerusalem artichoke, which can improve the ab-
sorption of minerals (Sharoba et al., 2014). Dietary
minerals have critical roles in maintaining health, as
both calcium and magnesium are essential for bone
health and muscle function. Adequate levels of
magnesium aid in calcium absorption and utiliza-
tion. An imbalance between these two minerals can
contribute to muscle spasms, cardiovascular prob-
lems, and poor bone mineralization. A high intake
of zinc can hinder copper absorption, leading to
copper deficiency. Conversely, maintaining an ap-
propriate ratio of zinc to copper is critical for opti-
mal health. In addition, zinc and iron compete for
absorption in the Consuming large
amounts of zinc can inhibit iron absorption, which
may lead to iron deficiency. It is important to main-
tain a balance between zinc and iron intake, espe-
cially for individuals at risk of iron deficiency.

intestine.

Table 4. Minerals contents of corn biscuits replaced by different percentages of quinoa flour or Jeru-

salem artichoke flour (mg/100g).

Treatments K Na Na/K
Control 420.682 150.119 0.356
T1 673.275 135.96 0.201

T2 723.017 137.587 0.190

T3 524.568 133.769 0.255

T4 520.50 133.485 0.256

T5 525.46 132.80 0.253

T6 610.99 136.302 0.223

T7 612.707 136.462 0.223

T8 614.68 136.685 0.222

Ca Mg Zn Cu Fe
60.844 105.549 2.098 0.321 4.4411
70.064 156.348 3.1110 0.633 5.3511
78.139 178.626 3.561 0.983 5.437
68.212 119.700 1.980 0.473 4.1306
68.372 118.136 1. 861 0.430 4.128
68.195 117.569 1.756 0.395 4.031
71.208 102.331 1.552 0.388 4.841
71.849 102.00 1.531 0.380 4.9643
71.047 101.820 1.518 0.359 5.05

C (control YCF), T1(20% QF), T2(40% QF), T3 (20% JAF), T4(JAF with reducing 15% sugar), TS5 (JAF with reducing 30%
sugar) T6 (40% JAF), T7 (JAF with reducing 15% sugar), T8 (JAF with reducing 30% sugar)

DPPH Scavenging Activity, Total Phenols
Content and Total Flavonoids Content of
biscuits developed with different replace-
ment levels of QF and JAF biscuits

Secondary metabolites known for their antioxi-
dant qualities. Table 5. shows the total phenolic
content (TPC), total flavonoid content (TFC), and

antioxidant activity (% inhibition) of the samples
and control. The DPPH was used to measure the
free radical scavenging activity of the samples, re-
vealing a significant capacity for supplemented
samples to neutralize free radicals. Notably, JAF
and QF biscuits displayed significant differences in
antioxidant activity.
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There was no significant difference in total flavo-
noid between T1-T2 biscuits samples, JAF biscuit
exhibited a range of antioxidant activity from
49.49% to 53.13%. Both TPC and TFC increased
with the addition of QF and JAF. T1 and T2 biscuits
had a TPC range of 45.99mg GAE/100g DW to
48.54mg GAE/100g DW, while JAF-fortified bis-
cuits ranged from 48.54mg GAE/100g DW to
64.82mg GAE/100g DW. The T8 biscuit sample
had the highest TPC and TFC, followed by T7
(62.63mg GAE/100 g). The control biscuits dis-
played the lowest TPC (34.22mg GAE/100g) and
TFC (1.00mg Qu./g). Notably, both TPC and TFC

increased significantly with increasing substitution
levels compared to the control. Accordingly, it is
believed that the higher JAP phenolic content is
linked to the higher total phenolic content and anti-
oxidant activity values of crackers containing JAP
( Ozgoren et al., 2019), due to the increase in pro-
tein, lipid, ash, total soluble and insoluble polyphe-
nol, flavonoid, and antioxidant activity levels all of
which increased linearly with increasing substitu-
tion rate—the nutritional profile of the biscuits was
significantly improved when rice flour was substi-
tuted with quinoa flour (Cannas et al., 2020).

Table 5. Antioxidant activity, total phenols content and total flavonoids of biscuits replaced by differ-
ent percentages of quinoa flour or Jerusalem artichoke flour

Sample antioxidant activity (%) (mrgogk?gﬁg (l)g) To(tr;lalgﬂQa:/;)/ré()nd
C 30.59%1.07 34.22"£0.43 0.31%.12
T1 42.48°+1.16 45.99°+0.61 2.41%+.26
T2 42.51%0.75 48.549+0.74 2.84%4 19
T3 49.49°+0.68 59.43°+0.42 1.17%£.55
T4 50.34°+0.12 60.21°+0.32 1.24% 35
T5 51.58%°+0.35 60.79%+0.55 1.97°%4+.06
T6 52.06"+0.24 62.38°+.54 2.79%+.20
T7 52.98%+0.06 62.63°+.91 3.13%+.12
T8 53.13%:0.33 64.82%.61 3.55%4.29

C (control YCF), T1(20% QF), T2(40% QF), T3 (20% JAF), T4 (JAF with reducing 15%sugar), T5 (JAF with reducing 30%
sugar) T6 (40% JAF), T7(JAF with reducing 15%sugar), T8 (JAF with reducing 30%sugar)
Mean + SD, any two means at the same column with different letters are significantly in p<0.05

Physical properties of biscuits
Color characteristics of biscuits

As color significantly influences consumer
acceptance of food (Nithya et al., 2016), Table 6.
presents the color values (lightness L*, redness a*,
and yellowness b*) of biscuits formulated with par-
tial replacements of corn flour (YCF) with quinoa
flour (QF) or Jerusalem artichoke flour (JAF).
Adding 20% chickpea flour to all biscuit formula-
tions significantly decreased lightness (L*) while
increasing redness (a*) and yellowness (b*) com-
pared to the control. This is likely due to the Mail-
lard reaction, accelerated by the presence of lysine
and sugars from the chickpeas, which can cause
browning (Olojede et al., 2020). While some studies
suggest including chickpea flour enhances product

color and appearance (Sharima-Abdullah et al.,
2018), the optimal proportion is crucial for overall
consumer approval. For JAF-containing biscuits,
increasing the amount of QF further decreased
lightness (L*) and significantly increased redness
(a*) and yellowness (b*) compared to other JAF-
based biscuits. Overall, all QF and JAF-containing
biscuits displayed higher redness (a*) and yellow-
ness (b*) values compared to the control made with
100% corn flour. JAF-containing biscuits also had
higher a* and b* values compared to QF-containing
biscuits. The total color difference (AE) ranged
from 78.47 to 66.71 for biscuits baked at 180°C for
20 minutes. This aligns with (Chevallier et al.,
2000), who reported a negative correlation between
protein content and cookie lightness, suggesting the
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Maillard reaction as a key factor in color develop-
ment. The browning observed during baking is like-

actions (Laguna et al., 2011). It's important to con-
sider that biscuit color plays a significant role in

ly due to caramelization of sugars and Maillard re- initial consumer acceptance.

Table 6. Color characteristics of biscuits formulated with partially quinoa or Jerusalem artichoke
compared to corn flours

Sample L* a* b* AE*
C 72.07%+.589 1.68+.064 31.00%+.289 26.65%+.185
T1 64.81°+.058 7.23%.127 32.95e+.231 18.14%+.058
T2 66.00°+.231 5.36"+.017 34.72%.069 18.13%+.404b
T3 62.16%.479 6.93+.012 35.96°+.069 17.35°+.214
T4 61.75%.075 6.47%+.012 35.44°+.196 16.74%+.029
T5 59.70°+.058 7.74%.023 35.01%.029 17.74°+.219
T6 56.99%+.133 9.22°.098 38.69"+.173 10.38%+.208
T7 56.028+.075 10.03%+.098 38.28%+ 064 10.53%.069
T8 53.59"£.231 11.21%+.023 38.12%+.006 9.65%.257

L* = lightness color score, a* = redness color score, b* = yellowness color score.

C (control YCF), T1(20% QF), T2(40% QF), T3 (20% JAF), T4(JAF with reducing 15%sugar), T5 (JAF with reducing 30%
sugar) T6(40% JAF), T7(JAF with reducing 15%sugar), T8 (JAF with reducing 30%sugar)

Mean + SD, any two means at the same column with different letters are significantly in p<0.05

Physical properties of biscuits

The physical properties (weight loss, diameter,
thickness, spread ratio, weight, volume and specific
volume) of gluten-free biscuits are tabulated in Ta-
ble 7. The physical properties of biscuits prepared
with the substitution of yellow corn flour with QF
and JAF at different levels with added 20% chick-
pea are presented in Table 8. Gradual proportional
substitution of flour for JAF and QF caused a pro-
portional increase in biscuit diameter from 3.857cm
for the control biscuit samples (minimal value) to
reach a maximal value (4.189 cm) in the T8. The
relative increase in JAF ratio caused it to be less
successful in stabilizing the dough against spread-
ing due to the lack of gluten network. These results
are consistent with (Mohamad Nor et al., 2021),
who observed increasing diameter values with a
higher substitution level of wheat flour with sweet
potato (a gluten-free ingredient). Physical properties
of cookies including spread ratio, specific volume,
and color showed marginal changes due to higher
fiber and moisture contents in the prepared cookies
(Solayman et al., 2023). A gradual increase in thick-
ness was also noted with the increase in substitution
level of QF and JAF, as the maximal thickness
value was that of T8 samples (0.547cm) and the

minimal thickness value was that of the control
sample (0.527cm). There was no significant differ-
ence was noticed between the samples at (p<0.05).
The lower thickness values in the control sample
processed from (YCF) might be because of the
lower diameter values and decreased thickness
values. The proportional increase in QF and JAF
percentage led to an increase in spread ratios. The
spread ratio of the control sample scored 7.318, and
that was the lowest value, and substitution of T3,
T4, T5, T6, T7, and T8 of YCF flour for JAF signif-
icantly (p<0.05) increased the spread ratio to be-
come 7.590, 7.487, 7.601, 7.687, 7.660, and 7.658,
respectively. Gluten-free flours like YCF, QF, and
JAF generally result in lower specific volume com-
pared to those containing gluten, which contributes
to cookie volume (Nakov et al., 2020). The specific
volume ranged from 2.52 cm?/g (T4) to 3.03 cm?/g
(T6). Samples T4 had a significantly lower specific
volume (p < 0.05) compared to T6.
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Table 7. Physical measurements of biscuits formulated with partially quinoa flour or Jerusalem

artichoke flour compared to corn flour

Samples Thickness Diameter Spared ratio Weight Volume Specific volume
(cm) (cm) (%) (g (Cm3) (cm3/g)
C 0.527°+.16 3.857°+.25 7.318%+.17 5.35"+.19 15.00%+.29 2.80%+.06
Tl 0.535%+.16 4.074>+.36 7.614%+.12 5.93%.07 15.21°+.12 2.53+.04
T2 0.540%+.29 4.071%+.27 7.538%+.24 5.66%+.19 15.30°+.29 2.70°+.13
T3 0.534%+.12 4.055"+.76 7.590%.16 5.80%%+.06 15.50%.23 2.67°+.18
T4 0.539%+.04 4.063%+.25 7.487+.18 5.79%%+.12 14.59°+.12 2.52°+.06
T5 0.530%+.13 4.029%+.69 7.601%+.24 5.70%°+.23 15.06™+.09 2.64°+.02
T6 0.540°+.11 4.151°+.87 7.687*+.06 5.20°+.06 15.78%.12 3.03%+.05
T7 0.545°+.21 4.178%+.35 7.660°+.18 5.19°:.09 14.98%+.52 2.88%+ 19
T8 0.547°+26 4,189+ 16 7.658%+.15 5.48%4 12 15.00°°+.29 2.73%+.09

C (control YCF), T1(20% QF), T2(40% QF), T3 (20% JAF), T4(JAF with reducing 15%sugar), T5 (JAF with reducing 30%
sugar) T6(40% JAF), T7(JAF with reducing 15%sugar), T8 (JAF with reducing 30%sugar)
Mean + SD, any two means at the same column with different letters are significantly in p<0.05

Water activity of biscuits formulated with
partially quinoa flour or Jerusalem arti-

choke flour compared to corn flour

Water activity (aw), a measurement of unbound
water content often expressed as "aw" or percentage
equilibrium relative humidity (% ERH), is crucial
for food preservation according to (Worobo and Pa-
dilla-Zakour 1999). Figure 4. shows the initial aw
values of the biscuit samples. The aw values ranged
from 0.215 (control) to 0.321 (T6). Interestingly,
there wasn't a clear upward trend in water activity
across the samples. This aligns with (Chowdhury et
al., 2012) who suggest that the aw values below
0.43 indicate the biscuits are unlikely to experience

significant chemical or biochemical spoilage. It's
important to note that for complete prevention of
these reactions, the aw needs to be below 0.3. Addi-
tionally, maintaining an aw below 0.70 helps pre-
vent microbial growth (Roudaut et al., 2000).
Jerusalem artichoke flour (JAF) contains inulin,
which offers potential health benefits. Beyond these
benefits, (Luo et al., 2017) suggest that inulin may
also contribute to desirable technological properties
in biscuits, such as improved gel texture and water-
holding capacity. While the impact of inulin on the
observed aw variations in this study is unclear, it
warrants further investigation.
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Figure 4. Water activity of biscuits formulated with partially quinoa flour or Jerusalem artichoke

flour compared to corn flour
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Texture measurements of biscuits formu-
lated with partially quinoa flour or Jeru-
salem artichoke flour compared to corn
flour (TPA)

The textural characteristics of biscuits prepared
from yellow corn flour, QF at different concentra-
tions (20 and 40%) with 20% chickpea flour and
JAF at (20 and 40%) with 20% chickpea flour with
reducing 15% and 30% of sugar as shown in
Table 8. JAF increased the moisture content of
cookies, resulting increased hardness and fractura-
bility (Solayman, et al., 2023). Biscuits containing
QF (T1 and T2) displayed increased hardness
(17.70 N and 19.34 N, respectively) compared to
the control (15.13 N). This aligns with (Bilgicli and
Ibanoglu 2015 and Nisar et al. 2018), who reported
increased bread and cookie hardness with higher
quinoa flour content. Quinoa's high fiber and pro-
tein content likely contribute to this effect. JAF bis-
cuits (T3-T8) showed varying hardness values
(27.25 N to 44.17 N) with different JAF levels and
sugar reduction. In contrast, biscuits without QF
(control) tended to be harder due to lower moisture
content. While moisture content plays a role in per-
ceived freshness, consumer experience might also
be influenced by the product's structure and expan-
sion regardless of moisture. The lower hardness in
samples T3 and T8 might be partially explained by
moisture migration from the center to the surface,
causing fractures, along with their high moisture
content (T8) and high hardness (T3). Other poten-
tial factors influencing these results include the
samples' shape (more open and irregular), protein
denaturation, water-holding capacity loss, protein
solubilization, and coagulation. According to the
texture profile, adding QF (20% or 40%) increased
the biscuit's fracturability (measured with 1% load
sensitivity). JAF biscuits (20% or 40% with reduced
sugar) had a fracturability range of 3.66 N to 9.42
N. Springiness, a measure of elasticity, was lowest
in sample T2 (0.68) and highest in T8 (1.70) (Table
8). Elasticity refers to a product's ability to regain
its original shape after deformation (Szczesniak et
al., 1975). Elasticity in baked goods typically

decreases during storage (Gomez et al., 2004; Vuli-
cevic et al., 2004). Cohesiveness, shown in Table
8., indicates the internal strength of a material and
the rate at which it disintegrates. It reflects how
well the components of a food bind together. A
higher cohesiveness value suggests a slower disinte-
gration rate during chewing (Abbas et al., 2006 and
Szczesniak et al., 1975). Sample T4 had the lowest
cohesiveness, indicating higher fragility, while sam-
ples C and T2 had the highest values. Cohesiveness
refers to a material's ability to break, higher cohe-
siveness values suggest a greater likelihood of bis-
cuits breaking under stress, such as during storage
due to temperature variations, loss of attraction be-
tween ingredients, drying, or aging (Karaoglu and
Kotancilar, 2009). Table 8. shows significant varia-
tions in chewiness (8.00 to 22.00 g.cm). Chewiness
reflects the energy required to chew solid food be-
fore swallowing. Samples T6 and T7 had the high-
est chewiness, followed by T5. These values are
likely justified by the high values of other textural
properties in these samples. Chewiness results from
the product of these three textural characteristics.
(Karaoglu and Kotancilar 2009) reported a decrease
in the symmetry index with increased initial and
intermediate baking and storage times.

Amino acids of biscuits formulated with
partially quinoa flour or Jerusalem arti-

choke flour compared to corn flour

Table 9. compares the biological value, chemi-
cal score, protein efficiency ratio, and amino acid
composition of biscuits formulated with QF and
JAF to the control group. Chemical scores, as de-
fined by (FAO/WHO 2007), indicate how well a
protein meets the essential amino acid requirements
for children aged 4-8. The 18 Identified amino acids
and their compositions in the biscuit formulas
(control, 20% QF, 40% QF, 20% JAF, and 40%
JAF) are shown in Table 10. Leucine and arginine
were the highest in essential amino acids, reaching
5.68% and 5.18% respectively in the 40% quinoa
biscuits. Conversely, tryptophan and methionine
were the lowest essential amino acids, ranging from
0.56% to 1.06% across the samples.
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Quinoa biscuits displayed the highest level of lysine
(around 4.3%), followed by Jerusalem artichoke
biscuits (around 2.9%), with both exceeding the
control corn biscuits (2.42%). Overall, adding qui-
noa flour to biscuit production resulted in a notable
increase in amino acid levels. As the replacement
ratio increased the amino acid content showed an
incremental rise compared to the control. Conse-
quently, this enhancement contributes to the im-
proved nutritional value of the biscuits, as evi-
denced by the chemical scores. This is likely at-
tributable to the abundant amino acid composition
inherent in quinoa flour. Quinoa biscuits showed the
highest levels of essential amino acids, followed by
Jerusalem artichoke biscuits and corn biscuits, with
values ranging between 31.6% and 21.3%, respec-
tively. (Vega-Galvez et al., 2010) reported that qui-
noa protein can supply over 180% of the daily rec-
ommended intake of essential amino acids for adult
nutrition. Notably, its amino acid composition,
characterized by a richness in lysine and histidine,
aligns closely with the recommended ideal protein
balance articulated by the Food and Agriculture Or-
ganization (Rizzello et al., 2016).Glutamic acid was
the most abundant non-essential amino acid, ac-
counting for 19.9% in corn biscuits. Cysteine had
the lowest concentration, ranging from 0.4% to

0.78% in 40% quinoa biscuits. Interestingly,
40% quinoa biscuits had the highest total non-
essential amino acids (77.4%), followed by corn
biscuits (57%) and Jerusalem artichoke biscuits
(56%). The results indicated that the 40% quinoa
biscuits had a higher BV value of 68.39, while the
40% Jerusalem artichoke biscuits had a slightly
lower BV value of 60.41. This suggests that the pro-
tein in the quinoa biscuits is more efficiently uti-
lized by the body compared to the Jerusalem arti-
choke biscuits, although both options still had BV
values close to or higher than the control biscuit.
Quinoa seeds are a noteworthy source of protein,
with a content ranging from 12% to 18% (Villa et
al.,, 2014). Additionally, quinoa protein is excep-
tional in quality, boasting a balanced composition of
essential amino acids like sulfur-containing ones,
lysine, and aromatic amino acids. This composition
surpasses the recommended (FAO/WHO 2011) val-
ues. Although most grain crops are usually lacking
in these amino acids, they are found to be fractions
of amino acids in biscuits made with partially qui-
noa flour or Jerusalem artichoke flour instead of
maize flour. For the body to rebuild and repair it-
self, as well as to replace the amino acids lost dur-
ing normal metabolism, essential amino acids must
be ingested daily (FAO, 2013).

Table 8. Texture measurements of produced biscuits

Sample Hardness (N)  Fracturability (N)  Cohesiveness (N) Springiness (mm) Chewiness (g.cm)
Control 15.13"+.01 4.65%.17 0.6*+.01 0.70°+.06 13.00%"+.02
Tl 17.70'+.29 8.69°+.17 0.3%+.01 0.66%+.02 8.00°+.17
T2 19.348+.18 9.13%+.18 0.6*+.01 0.68°+.01 10.00%.17
T3 44.17%.59 9.42°+.18 0.3%+.01 0.82°+.03 15.00°.35
T4 32.91%41.28 8.13%+.07 0.1°4.01 1.03+.04 17.00%+.12
T5 35.88%.64 7.55%.18 0.4+.01 0.92°+.12 18.00%+1.15
T6 28.06.59 4.23%+ .06 0.2°°+.01 1.23%+.07 21.33%+£.20
T7 39.85"+.10 3.66°+.12 0.4"+.01 1.25%.02 22.00%1.15
T8 27.25%+.13 4.27%+.70 0.4%+.02 1.70%.12 19.00°+1.15

C (control YCF), T1(20% QF), T2(40% QF), T3 (20% JAF), TA(JAF with reducing 15%sugar), TS5 (JAF with reducing 30%
sugar) T6(40% JAF), T7(JAF with reducing 15%sugar), T8 (JAF with reducing 30%sugar)
Mean + SD, any two means at the same column with different letters are significantly in p<0.05

Food Technology Research Journal, Vol. 3, issue 2, 16-34 , 2024



30

Evaluation of free gluten biscuits substituted with Quinoa and Jerusalem artichoke flours as functional foods

91098 [eITWAYD) % = %S (LO0T) OHM/OV A+

109 99°09 6£°89 $9'%9 zL09 Ad
660 01 oL 0F'1 €0'1 ¥ydd
z€'ss 896 VLL £0°L9 LS SpIo€ OUIE [20
. . . . . SpIoE ouruIe
0TTE ¥6'€E 8T T8¢ L'sg [ETU5S$0-U0U - |
9L'1 9L 9T Tt 89'1 JuIs0IA)
9€'T € A ¥8°C 80°C suLeg
vT'T e Te 9T w81 aurjoid
81°C 1z 9b'€ LT 81 QUKD
8SH1 8L91 6L el 661 proe orweinin
85°0 50 8L°0 790 0 ouraIskD)
96'S w6's 88°L 509 ws onaedsy
ST T '€ 6T 8T°C sutuely
moryy INofJ a3oydnse
SYOYOIIE WIBSIISL ()} woESNIA0407 Inopy eournb o404 Inopj eournb 9,07 [onuo) (%) proe orury
PIoB OUTUIY [EIJUSSSH-UON
) ) . . . ) . . . . . SPIO® ouIwe
60€ 8vL e SObL 88°CC L6TTT 9%¢ 7976 79°8¢C 689 €12 [EU0SSD [610. ]
0 $TL 6T S'L9 LT $z01 I't 00°S8 b'e SY9 85T aureA
e 1t°'6S 0T ¥T'8S 86'1 $9°L8 86'C SETL 9T ¥6°CS 8'1 suruoay |,
€9 6€°SH 98'C Al 8T 0619 6¢€ 0LTS A3 9T 9T sutue[e[Audyd
$T 0ty 01’1 by 90'1 89 L'l Tss 8¢’ 9T t0'T suruonpaN
99 6£°65 w6'€ 09 96'€ 9098 89° €EEL b8y 0L0S  ¥6'€ dupona]
0¢ 09L 8C'C €E°SL 9T £€°601 8T'€ 6 9L'T €L TT auronaos|
8'S 1v'TS 0°€ €05 6T 2R 88y 0299 8¢ wiv Wt ourskg
9°0 79°0 01 80 95°0 ueydodAs
e 8T'€ 81°S wr € outuiSire
€1 €l 61 91 91'1 SuIPHSIH
Umom Oﬂme< ﬁwﬁﬁommm
INOfj ajoydne Inofj aYoyonie oty moyj
OHM/OVex %SO wosniooror 7050 womsniopnsoz 750 eoumbogoy %SO oumbuoggy %SO 10MUOD (%) prow oy

ANO[J WI0J 0) PAaeduwod Jnofj OYd)Ie WI[ESNIdL 10 ano[j eouinb A[fenaed yim paje[nurioj s)masiq Jo SpIde ouruy °¢ dqeL

Food Technology Research Journal, Vol. 3, issue 2, 16-34 , 2024



31

Evaluation of free gluten biscuits substituted with Quinoa and Jerusalem artichoke flours as functional foods

Conclusion
This study demonstrated that quinoa flour, Jeru-

salem artichoke flour, and chickpea flour are prom-
ising alternatives to yellow corn flour. These flours
increased the content of protein, fiber, fat, ash, and
minerals (potassium, calcium, magnesium, and
iron) in the final biscuit products. Quinoa flour also
contributed a well-balanced profile of essential ami-
no acids, including lysine. The sensory characteris-
tics of biscuits formulated with these alternative
flours were comparable to control biscuits made
with yellow corn flour. This is significant news for
people with celiac disease, as these flours are natu-
rally gluten-free. Overall, this research paves the
way for further development of nutritious, gluten-
free bakery products with potentially lower sugar
content. Future studies could explore optimal flour
combinations, baking conditions, and flavor profiles
to create even more consumer-appealing gluten-free
options.

Acknowledgment

We express our deep thanks to Dr. Hanan Fawzy,

Professor of Food Technology, Bread and Pastry

Department, and Dr. EL-sayed Farahat Sayed-

Ahamed, Professor of Special Food and Nutrition

Department, Food Technology, Technology Re-

search Institute, Agricultural Research Center, Giza,

Egypt, for providing assistance and advice.

Reference:

Abbas, S. A., Ali, S., Halim, S. M., Fakhrul-Razi,
A., Yunus, R., & Choong, T. S. Y. (2006). Ef-
fect of thermal softening on the textural proper-
ties of palm oil fruitlets. Journal of Food Engi-
neering, 76(4), 626-631.

Alsmeyer, R.H., Cunningham, A.E, and Happich
M.L. (1974). Equations predict PER from the
amino acid analysis. Food Technol. 28: 34-40.

Amira, S.S., Saly, A.A., Abbas, S., & Mona, M.M.
(2018). Preparation and evaluation of biscuits
supplemented with some natural additives for
children and adolescents feeding. Suez Canal
University Journal of Food Sciences, 5(1), 69-
90.

AOAC; Association of Official Analytical Chemists
(2005). Association of Official Analytical,

Chemists 18th ed., Washington, DC, USA.

AOAC; Association of Official Analytical Chemists
(2019). AOAC Official Method 2015.01 Heavy
Metals in Food. Inductively Cou pled Plasma-
Mass Spectrometry, First Action 2015.

Aremu, M., Olaofe, O. and Akintayo, T. (2006). A
Comparative Study on the Chem ical and Ami-
no Acid Composition of Some Nigerian Un-
derutilized Legume Flours. Pakistan Journal of
Nutrition, 5, 34-38.

Bilgicli N, Ibanoglu S. (2015). Effect of pseudo ce-
real flours on some physical, chemical and sen-
sory properties of bread. Journal of Food Sci-
ence and Technology. 52:7525- 7529.

Cannas, M., Pulina, S., Conte, P., Del Caro, A.,
Urgeghe, P. P., Piga, A., & Fadda, C. (2020).
Effect of substitution of rice flour with Quinoa
flour on the chemical-physical, nutritional, vola-
tile and sensory parameters of gluten-free lady-
finger biscuits. Foods, 9(6), 808-824.

Chevallier, S., P. Colonna and G. Della Valle,
(2000). Contribution of major ingredients during
baking of biscuit dough systems. Journal of Ce-
real Science, 31: 241-252.

Chowdhury, K., Khan, S., Karim, R., Obaid, M., &
Hasan, G. M. M. A. (2012). Quality and shelf-
life evaluation of packaged biscuits marketed in
Bangladesh. Bangladesh journal of scientific
and industrial research, 47(1), 29-42.

Laguna, L., V. Paula, S. Ana, S. Teresa and M.F.
Susana, (2011). Balancing texture and other sen-
sory features in reducedfat short-dough biscuits.
Journal of Texture Studies, 43: 235-245.

Laukova, M.; Karovicova, J.; Kohajdova, Z.;
Babulicova, M.; Riickschloss, L. and Lopatko-
va, V. (2016). Potential of bran from various
wheat variety for cookies production. Acta
Chim. Slovaca,9(2):95-99.
https://doi.org/10.1515/acs2016-001

Lorusso, A., Verni, M., Montemurro, M., Coda, R.,
Gobbetti, M., & Rizzello, C.G. (2017). Use of
fermented quinoa flour for pasta making and
evaluation of the technological and nutritional
features. LWT - Food Science and Technology,
78, 215-221.

Food Technology Research Journal, Vol. 3, issue 2, 16-34 , 2024



Evaluation of free gluten biscuits substituted with Quinoa and Jerusalem artichoke flours as functional foods

Luo, D, Li, Y., Xu, B, Ren, G, Li, P, Li, X, ... &
Liu, J. (2017). Effects of inulin with different
degree of polymerization on gelatinization and
retrogradation of wheat starch. Food chemis-
try, 229, 35-43.

Man, S.M., Paucean, A. and Muste, S. (2014). Prep-
aration and quality evaluation of gluten-free bis-
cuits. Bulletin UASVM Food Science and Tech-
nology, 71(1), 38-44. https://doi.org/10.15835/
buasvmen-fst: 10080

Marinova D., Ribarova F., and Atanassova M.
(2005). Total phenolics and total flavonoids in
Bulgarian fruits and vegetables. Journal of The
University of Chemical Technology and Meta
llurgy, 40 (3), 255-260.

Méndez-Yanez, A.; Ramos, P. and Morales-
Quintana, L. (2022). Human health benefits
through daily consumption of jerusalem arti-
choke (Helianthus tuberosus L.) Tubers. Hort., 8

(7):1-10.  https://doi.org/10.3390/  horticul-
turae8070620
Mirhosseini, H., Rashid, N.F.A., Amid, B.T.,

Cheong, K.W., Kazemi, M., & Zulkurnain, M.
(2015). Effect of partial replacement of corn
flour with durian seed flour and pumpkin flour
on cooking yield, texture properties, and sensory
attributes of gluten free pasta. LWT Food Sci-
ence and Technology, 63(1), 184-190.

Mitchel H.H. and Block J. (1946): The correlation
of amino acid composition of protein with their
nutritive value. Nutrition Abstract and Reviews,
16(2):249.

Mohamad Nor, M.; Loh, S.; Liew, J.Y.; Rahman,
M.M.; Abdul Hamid, M.; Maslan, H.; Mohd
Rosdi, M.A. and Hamzah, S.Z. (2021). Com-
parative studies of physicochemical properties
of sweet potato (Ipomoea batatas) cookies from
different variations of sweet potato. IOP Con-
ference Series: Earth and Environ. Sci., 756 (1)
https://doi.org/10.1088/1755 315/756/1/012070

Munim, A.; Rod, M.; Tavakoli, H. and Hosseinian,
F. (2017). An analysis of the composition,
health benefits, and future market potential of
the jerusalem artichoke in Canada. J. Food Res.,
6 (5): 69. https://doi.org/10.5539/jfr.v6n5p69

Nakov, G., Brandolini, A., Hidalgo, A., Ivanova,
N., Juki¢, M., Komleni¢, D.K. and Lukinac, J.
(2020). Influence of apple peel powder addition
on the physico-chemical characteristics and nu-
tritional quality of bread wheat cookies. Food
Sci. and Technol. Int., 26 (7), 574-582.
https://doi.org/10.1177/ 1082013220917282
Nisar M., Pawar V.S., Zubair S. Sawate A.R., Mane
R.P. (2018). Studies on mineral composition,
colour and textural qualities of cookies incorpo-
rated with quinoa seed flour. International Jour-
nal of Chemical Studies. 7(1):1380-1383.
Nithya, D.J., Basco, K.A., Saravanan, M., Mohan,
R.J. and Alagusundaram, K. (2016). Optimiza-
tion of Process Variables for Extrusion of Rice-
Bengal Gram Blends. Journal of Scientific and
Industrial Research, 75, 108-114.
Niziol-Lukaszewska, Z., Furman-Toczek, D., &
Zagorska-Dziok, M. (2018). Antioxidant activi-
ty and cytotoxicity of Jerusalem artichoke tubers
and leaves extract on HaCaT and BJ fibroblast
cells. Lipids in Health and Disease, 17(1), 1-12.
Olojede, A.O., Sanni, A.l. and Banwo, K. (2020).
Effect of Legume Addition on the Physiochemi-
cal and Sensorial Attributes of Sorghumbased
Sourdough Bread. LWTyv, 118, Article ID:
108769.
https://doi.org/10.1016/].1wt.2019.108769.
Ordonez, A. A. L., Gomez, J. D., & Vattuone, M.
A. (2006). Antioxidant activities of Sechium
edule (Jacq.) Swartz extracts. Food chemis-
try, 97(3), 452-458.
Ozgoren, E., Isik, F., & Yapar, A. (2019). Effect of
Jerusalem artichoke (Helianthus tuberosus L.)
supplementation on chemical and nutritional

properties of crackers. Journal of Food Meas-
urement and Characterization, /3, 2812-2821.
Poole, N.; Donovan, J. and Erenstein, O. (2021).
Viewpoint: Agri-nutrition research: Revisiting
the contribution of maize and wheat to human
nutrition and health. Food Policy, 100
(September), 101976.https://doi.org/10.1016/j.
foodpol. 2020.101976.
Prosky, L. and Hoebregs, H. (1999). Methods to
determine food inulin and oligofructose.

Food Technology Research Journal, Vol. 3, issue 2, 16-34 , 2024

32


https://doi.org/10.5539/jfr.v6n5p69
https://doi.org/10.1016/j.lwt.2019.108769

33

Evaluation of free gluten biscuits substituted with Quinoa and Jerusalem artichoke flours as functional foods

Journal of Nutr. 129:1418-1423.

Rizzello, C.G., Lorusso, A., Montemurro, M., &
Gobbetti, M. (2016). Use of sourdough made
with quinoa (Chenopodium quinoa) flour and
autochthonous selected lactic acid bacteria for
enhancing the nutritional, textural and sensory
features of white bread. Food Microbiology, 56,
1-13.

Rizwan, B., Noreen, S., Mubarik, F., Attique, A.,
Naeem, M., Siddiqa, A., Farooq, F and
Mehmood, A. (2020). Quinoa- A nutritive and
health perspective. International Journal of Bio-
sciences Vol. 17, No. 2, p. 169-178

Rocha, A.M.C.N., & Morais, A.M.M.B. (2002).
Polyphenoloxidase activity and total phenolic
content as related to browning of minimally pro-
cessed ‘Jonagored’apple. Journal of the Science
of Food and Agriculture, 82(1), 120-126.

Ronie, M.E., Zainol, M.K., & Mamat, H. A. (2021).
Review on the Recent Applications of Gluten-
Free Flour, Functional Ingredients and Novel
Technologies Approach in the Development of
Gluten-Free Bakery Products. Food Research, 5
(5), 43-54.

Roudaut G., Dacremont C., Le Meste M., Pamies B.
V. and Mitchell J.R. (2000). Understanding the
texture of Low Moisture Cereal Products: Me-
chanical and Sensory Measurements of Crisp-
ness. J. Sci. and FoodAgri., 80: 1679-1685.

Samah, A.S. (2004). Review Article: Nutrient com-
position in fortified complementary foods.
Egyptian Journal of Agricultural Research, 82
(3) 75-100.

San Jose¢, F.J.; Collado-Fernandez, M.; Lopez, R.
(2018). evaluation of  biscuits
enriched with artichoke fiber-rich powders
(Cynara scolymus L.). Journal of Food Science
and Nutrition, 6(1): 160-167.

Segev, A.; Badan, 1.H.; Kapulnik, Y.; Shomer, 1.;
Oren-Shamir, M.; Galili, S. (2010). Determina-
tion of Polyphenols, Flavonoids, and Antioxi-
dant Capacity in Colored Chickpea (Cicer Ari-
etinum L.). J. Food Sci. 75(2), S115 — S119.
DOI: 10.1111/.1750-3841.2009. 01477 .x

Sensory

Seljasen, R. and Slimested, P. (2005). Fructooli-
goosaccharides and phenols in flesh and peel of
spring harvested Helianthus tuberosus. First In-
ternational Workshop on Growing plants for
Increased Nutritional Value., Univ. of Stavang-
er, Norway, May 12 th - 14.

Sharima-Abdullah, N., Hassan, C.Z., Arifin, N. and
Huda-Faujan, N. (2018). Physicochemical Prop-
erties and Consumer Preference of Imitation
Chicken Nuggets Produced from Chickpea
Flour and Textured Vegetable Protein. Interna-
tional Food Research Journal, 25, 1016-1025.

Sharoba, A.M., Abd El-Salam, A.M., & Hoda, H.
H. (2014). Production and evaluation of gluten
free biscuits as functional foods for celiac dis-
ease patients. Journal of Agroalimentary Pro-
cesses and Technologies, 20(3), 203-214.

Singthong, J. and Thongkaew, C. (2020). Effect of
Jerusalem artichoke (Helianthus tuberosus)
powder on quality of glass noodles. Food Res.,
4:17-26.
https://doi.org/10.26656/1r.2017. 4 (S4).004

Snedecor, G.W., and Cochran W.G. (1980). Statisti-
cal methods 7th ed. Lowa State University
Press, Ames, lowa, USA.

Solayman, A.R.M., Mosilhey, S.H., Abed, S. M., &
Abdel-Samie, M.A. (2023). Evaluation of Jeru-
salem artichoke as a functional ingredient in
cookies production. Sinai Journal of Applied
Sciences, 12(1).

Szczesniak, A.S., Loew, B.J., & Skinner, E.Z.
(1975). Consumer texture profile tech-
nique. Journal of Food Science, 40(6), 1253-
1256.

Vega-Galvez, A.; Miranda, M.; Vergara, J.; Uribe,
E.; Puente, L., and Martinez, E.A. (2010). Nutri-
tion facts and functional potential of quinoa
(Chenopodium quinoa willd.), an ancient Ande-
an grain: a review. J. Sci. Food Agric., 90
(15):2541-2547.

Villa, D.Y.G.; Luigi, R.; Khawla, K.; Maddalena, L.
and Luca, R. (2014). Chemical and nutritional
characterization of Chenopodium pallidicaule
(cafithua) and Chenopodium quinoa (quinoa)
seeds. Emir. J. Food Agric., 26(7):609-615.

Food Technology Research Journal, Vol. 3, issue 2, 16-34 , 2024


https://doi

Evaluation of free gluten biscuits substituted with Quinoa and Jerusalem artichoke flours as functional foods 34

Vulicevic, I.R., Abdel-Aal, E.M., Mittal, G.S. & Lu,
X. (2004). Quality and storage life of par-
baked frozen breads. LWT-Food Science and
Technology, 37(2), 205-213.

Worobo, R. and Padilla-Zakour, O. (1999). Water
activity: another critical factor for safety of
food products. Venture. 1(4): 1 -5

Xu, Y., Thomas, M., & Bhardwaj, H.L. (2014).
Chemical composition, functional properties
and microstructural characteristics of three
kabuli chickpea (C icer arietinum L.) as affect-
ed by different cooking methods. International
journal of food science & technology, 49(4),
1215-1223.

Food Technology Research Journal, Vol. 3, issue 2, 16-34 , 2024



