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Table 1. The proportion of raw materials used for
GF pasta samples and the control

XG B-glucan
Com:rice:  (g/100g (g/100g
Samples quinoa flour flour
mixture) mixture)
1 0.5 2
2 | 1.5
A Bl
3 20:60:20 | 5 |
4 2 0.5
Control Durum wheat tlour
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Table 2. Chemical composition and pH of pasta samples

Moisture
Samples content Aw Er_n dﬁ% Crudl;nﬁher ‘t;h pH
(% wiw) protein (%) (%) (%)
L —
Control 11.7540.06") (65.6140.2 11.4840.07°  1.R240.06°  0.78+£0.02°  5.40+0.01°
| 10.6320.06°  64.15+027° 11724007 1.87+0.06°  0.39+£0.02¢ | 6.01£0.01*
2 11.0240.06°  65.32+0.27%  12.30£0.07"  2.24:0.06° | 0.91£0.02* | 5.34+0.01°
3 10.8440.06° 64512027  |12.53:0.07* | | 2.85£0.06*]  0.84£0.02°  5.30+0.01¢
4 9.6440.06°  64.28£0.27°  11.97+0.07°  1.R9+0.06c  0.40£0.02¢  5.92+0.01°

Each value 1s the mean + standard deviation of three replicates. In each column, different superscript letters

mean significant differences (P<0.03).
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Table 3. Cooking quality of the control and GF pasta samples

Samples (]plimu_m cooking Weight_after Coolcing loss Water ﬂl.‘lE'EII'p'ﬁﬂll
time cooking capacity
Control 9.05+0.19" 49.3540.34° 30.48+0.14° 23.6140.21
1 8.47+0.19 50.87+0.34° 32.2240.14¢ 16.9340.21¢
2 10.2140.19* 53.1240.34" 32.3140.14¢ 23.9440.21%®
3 10.3420.19* 54.03+0.34° 34.4840.14° 24.5640.21°
4 8.7340.19" 49.7540.34° 33.5940.14° 15.9440.21°

Each value 1s the mean + standard deviation of three replicates. In each column, different superscript letters
mean significant differences (P<0.05).
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Fig. 1. Rheological analysis of the control and GF pasta samples (Storage and loss modulus vs frequency)
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Fig. 2. The color factor of cooked and raw pasta samples.
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Table 4. The textural parameters of pasta samples with TPA test
Samples Hardness Adhesiveness  Cohesiveness Elasticity Chewiness

Control 412204138 T T1£0.00° 0.660.02° 0.69+0.18" 17440 87°
| 40,5651 5T 0.97£0.03 0.66:0.02" 0.62+0.07" 16,6942, 74°
2 30.4440.36° 0.820.00° (43001 031007 TOR=0106"
] 32.2040.26° 0.840.01° 047007 0.45+0.01° 6.940.15°
4 33.24+0.56" 0.82:0.0%° 0.57+0.02" 0.62+0.05™ 11.661.12°

Each value 15 the mean + standard deviation of three replicates. In each column, different superscript letters
mean significant differences (P<0.03).
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Table 5. Prebiotic activity and glucose release and different starch fractions of pasta samples

Prebiotic
B Glucose release  Glucose release
Samples  activity Log ot 20 min ot 120 min RDS SDS RS
¢fu/ml
Control 7470.08" 5p.60= 650.61° | 3
| 7.20+0.08° 5p.57+ 1.69+0.61°

7.50:0.08° 36.39+2.55 AR 3AEDRT 3523078 [30.3420.55°

1p2:0.08° @32:060° D 25.26:087 3}53:0.78° MTITH0353
TR 3688255 653006

6.88+2.55 494087 2426:0.78  40.80+0.55°

D7408T |315540.78°  15.72:0.55°
V.01:0.87" 315240787 |17.48+0.55°
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according to sound grammar and proper terminology.

ABSTRACT: @ new gluten-free pasta formulations based on the ratio of corn: rice: quinoa flours (20:60:20)
enriched with the different percentages (0.5, 1, 1.5, and 2%) of [i-glucan and xanthan (XG) were produced to

reduce the gluten-felated diseases and glycemic responses. These were then compared with each other and the

control (wheat tlour) in terms of texture, chemical composition, rheology, color, cooking quality, sensory
analysis, prebiotic activity, glucose release, rapidly and slowly digested starch (RDS and SDS), and resistant
starch (RS). The highest and lowest values of loss and storage moduli were for the control and sample 1 (2% [3-
glucan and 0.5% XG), respectively. The control and sample 1 were also comparable in terms of textural and
sensorial characteristics. The L* (brightness) of cooked and raw sample 3 reached-masximum level, and the
highest values of b* and a* were associated with the cooked and raw control.| The superior cooking quality was
related to the sample 3 (1.5% p-glucan and 1% XG) while sample with 0.5% p-glucan and 2% XG had the
minimum value. Regarding functional properties, the sample 3 was the superior sample in terms of prebiotic
activity, glucose release, RSD, and RS while the control showed the maximum glucose release in all digestion
intervals.

New gluten-free pasta formulations based on the ratio...
to reduce the risk of gluten-related diseases and glycemic responses

Superior cooking quality was related to sample...
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ABSTRACT: The new gluten-free pasta formulations based on the ratio of comn: rice: quinoa flours (20:60:20)
enriched with the different percentages (0.5, 1, 1.5, and 2%) of f-glucan and xanthan (XG) were produced to
reduce the gluten-related diseases and glycemic responses. These were then compared wath each other and the
control (wheat flour) in terms of texture, chemical composition, rheology, color, cooking quality, sensory
analysis, prebiotic activity, glucose release, rapidly and slowly digested starch (RDS and 5DS), and resistant
starch (RS). The highest and lowest values of loss and storage moduli were for the control and sample 1 (2% J3-
glucan and 0.5% XG), respectively. The control and sample 1 were also comparable in terms of textural and
sensorial charactenstics. The L* [bnghtnca.s] ot cooked and raw sample 3 reached maximum level, and the
highest values of b* and a* sweren ; cooked and raw control. The supenor cooking quahty was

related to the sample 5% *an & Yo XO ) while sample wath 0.5% p-glucan and 2% XG had the
mimmum value. Regarding Tametn ITs, the sample 3 was the supenor sample in terms of prebiotic
activity, glucose release, RSD, and RS while the control showed the maximum glucose release i all digestion
mtervals.
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Introduction
Baking products containing gluten, one
of the most abundant proteins in grains

(wheat, oat, and barley) may result in
celiac disease and gluten sensitivity

(Susanna & Prabhasankar, 2013). That 1s

gluten-rich baking products including
pasta have high popularity among various
(wheat, oat, and barley), may resultin... groups, as their alternatives should be
produced the same way as the

conventional do in terms of the technical,
—————r S ———S—————e Tt

are highly popular among various groups...
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et al., 2013). Among all alternatives, rice
‘land corn flour have widely used, and

quinoa flour (Chenopodium quinoa) is of
high importance, with acceptable technical
| _p | hich vi :

Rosentrater, 2017). Also, hydrocolloids, a
group of hydrophilic polysaccharides, can

.V rice and corn flours have been widely used...

improve the structure, flavor, and shelf life
of GF pasta (Culctu et al. 2021) Adding

7 Hydrocolloids, which are hydrophilic
polysaccharides, can improve...
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- Weight after cooking

It was evaluated base on the procedure

66-50 of AACC (AACC, 2000). Briefly.

the cooked pasta samples were dramed and
weilghed when 12 g of raw pasta sample
was boiled 1n Eﬂﬂ ml of water for OCT.
The cooki ' was calculated based

based on the procedure...
and then weighed after boiling 12 g of
raw pasta sample in 500 ml of water...

hlghest MC .-.ll'ld aw while the lowest MC

and aw was related to sample 4. 1t 1s
related to the high-water holding capacity

It is related to the high water-holding

capacity...

-

s o) g
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- Measurement of chemical compositions

The contents of pH, protein, fat, fiber,
moisture, and ash in the samples were
determined based on AOAC methods
(AOAC., 2005). Water activity was
evaluated according to the method stated

by Demarchi et al. (2013) and was
measured using a water activity meter
(AqualLab Dew Pomt Water Activity
Meter 4TE, Decagon).

6@.34.9 é.sL.o )‘ oala

- Optimal cooking time

It was determmed according to the
method of AACC 66-50 (AACC, 2000).
Briefly, 5 g of dried pasta sample was
botled m 200 ml of water and squeezed
between two preces of glass until
disappearing the white center core.

e
s o) g

12
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- Water absorption of cooked pasta
It was measured according to the
method stated by Agama-Acevedo er al.
(2009). 12.5 g of pasta samples were
boiled in 200 ml of distilled water before -
draining and rinsing with 50 ml of the - Cooking loss
distilled water for 1 min and then It was evaluated according to the
welghing. This factor was calculated with method described b}-‘ Makdoud and
equation 2: ((CPW-DPW)/DPW) = 100, _ . -
where CPW and DPW are the weights of R{J'_aE'n[l'E!.lEl_' (201 -"r) E‘”"::ﬂ.j‘"' the remaining
the cooked drained pasta and the raw solid particles in cooking water were
pasta, respectively. weilghed after drying in an oven at 50 °C
for 48 hours. The cooking loss percentage
Weight after cookin was calculated with equation 1: ((DPW =
& 8 OPW) /DPW) % 100), where DPW and
It was evaluated base on the procedure OPW 1 ohts of d dried
66-50 of AACC (AACC, 2000). Briefly, are the weights ol raw and drie
pasta, respectively.

the cooked pasta samples were drained and
weighed when 12 g of raw pasta sample
was boiled in 500 ml of water for OCT.

The cooking weight was calculated based
on equation 3: ((We-Wd)/Wd)*x100, where
Wc and Wd were weights of cooked and
dry pasta, respectively.

13
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- Analysis of chemical composition

Table 2 shows the chemical analysis of
pasta samples. There were sigmificant
differences among the moisture content
(MC) and water activity (aw) of pasta

samples (p<00.05). The control had the
highest MC and aw while the lowest MC
W and aw was related to sample 4. 1t 1s
related to the high-water holding capacity

Fig. 3. Firmness- of cooked and raw pasta samples.
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Fig. 1. Rheological analysis of the control and GF pasta samples (Storage and loss modulus vs frequency)
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Fig. 1. The color factor of cooked and raw pasta samples.
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Table 1. The proportion of raw materials used for
GF pasta samples and the control

XG B-glucan
Corn: rice: (g/100g (g/100g
quinoa flour flour
mixture) mixture)

Samples

0.5 2

1 1.5
20:60:20 15 1

4 2 0.5

Control Durum wheat flour

20
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ABSTRACT: The new gluten-free pasta formulations based on the ratio of corn: rice: quinoa flours (20:60:20)
enriched with the different percentages (0.5, 1, 1.5, and 2%) of B-glucan and xanthan (XG) were produced to
reduce the gluten-related diseases and glycemic responses. These were then compared with each other and the
control (wheat flour) in terms of texture, chemical composition, rheology, color, cooking quality, sensory
analysis, prebiotic activity, glucose release, rapidly and slowly digested starch (RDS and SDS), and resistant
starch (RS). The highest and lowest values of loss and storage moduli were for the control and sample 1 (2% -
glucan and 0.5% XG), respectively. The control and sample 1 were also comparable i terms of textural and
sensorial characteristics. The L* (brightness) of cooked and raw sample 3 reached maximum level, and the
highest values of b* and a* were associated with the cooked and raw control. The superior cooking quality was
related to the sample 3 (1.5% B-glucan and 1% XG) while sample with 0.5% pB-glucan and 2% XG had the
minimum value. Regarding functional properties, the sample 3 was the superior sample in terms of prebiotic
activity, glucose release, RSD, and RS while the control showed the maximum glucose release mn all digestion
intervals.
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- Texture analysis of raw and cooked
pasta samples
- Warner-Bratzler test

Warner-Bratzler test was applied to
measure the firmness of raw and cooked
samples wusing a Texture Analyzer

(Hounsfield, H5KS, England). According
to Brochard et al. (2021) with some
modifications, pasta firmness (maximum
force peak) was measured m raw or
cooked form at OCT using a blade probe
with different programs (speed rate (I
mm/s for raw pasta and 60 mm/min for
cooked pasta), load cell (500 N), and
distance or endpomnt (3 mm for raw pasta
and 10 mm for cooked pasta)).

- Texture profile analysis (TPA)

Hardness, adhesiveness, cohesiveness,
elasticity, and chewiness were measured
using Texture Analyzer (60235, Instron co.
England) based on the procedure of
Tazrart et al. (2018).

- Statistical analysis

All experiments were conducted at least
in triple. The means, standard deviation of
means, and the significant difference of
mean values (p<0.05) for all the properties
were evaluated with the one-way analysis
of variance (ANOVA) and Duncan test
using the SPSS.22 software.

PR
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- Sensory analysis
Thehedonic test was used to
measure firmness, stickiness, color, and

flavor of cooked pasta samples by 10
trained panelists. Scores of 1, 3, and 5
were considered extremely dislike, neither
like nor dislike, and extremely like,
respectively (Garbetta er al., 2020).

23
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- Statistical analysis

All experiments were conducted at least
in triple. The means, standard deviation of
means, and the sigmificant difference of
mean values (p<0.03) for all the properties
were evaluated with the one-way analysis
of vanance (ANOVA) and Duncan test
using the SPS5.22 software.

24
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Table 2. Chemical composition and pH of pasta samples

Samples

Crude Crude fiber
protein {%e) (%a)

Control

|

11.48;
11.725
12,305

12.535

.07
.07
.07
.07

11.973

.07

Each value 1s the mean + standard deviation of three replicates. In each column, different superscnipt letters
mean signmhicant ditferences (P<0.05).

25
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Table 3. Cooking quality of the control and GF pasta samples

Optimum cooking Weight after Water adsorption
time cooking — capacity
Control 9.05(. 49.35+9.34° 30.48+(.14° 23.61p.21°
1 8.47+(.19 50.87+.34° 32.224).14° 16.934).21°
10.219.19° 53.12+0.34° 32.314).14° 23.940.21"

Samples Cooking loss

2
3 10.34+0.19 54.03+0.34 34.48+).14° 24.564.21°
4 8.73+(.19" 49.75+0.34° 33.59+(0.14° 15.944 21¢

Each value 1s the mean + standard deviation of three replicates. In each column, different superscript letters
mean significant differences (P<0.05).
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Table 5. Prebiotic activity and glucose release and different starch fractions of pasta samples

Prebiotic Glucose release  Glucose release
Samples acthvityLog o0y ati20mm N
cfu/ml—

Control ~ 7.47+).08° 55.6042.55° 93.6540.61°

| 7.204D.08° 55.5742.55° 91.6940.61°
2 7.50+].08° 36.3942.55° 77.4130.61°
3 7.924D).08% 26.7742.55°¢ 65.3240.61°
4 7.20].08° 36.8842.55 65.3240.61°
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- Color analysis

The color factors (L*, a*, and b*) of
raw and cooked pasta samples have been
shown mn Figure 2. The color of samples
was significantly different one another
(p=0.05). Among cooked pasta samples,
sample 3 had the highest brightness (L¥)
while the control and sample 4 had the
lowest one. Also, the highest amount of
redness (a*) and yellowness (b*) was
related to the control.

] — 1

sample 2 (1.5% b-glucan and 1% XG) had
the highest level of Ash. The crude fiber in
GF samples was more than that of the

control, and sample 2 and 3 showed the
highest vlues of crude e, 011 ol

ranged from 5.30 (sample 3) to 6.01
(sample 1). It demonstrated that different
percentage of hydrocolloids present in
pasta sample can affect the chemical
analysis (De Paula et al., 2017).

28
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(cooked or raw) (p<0.05). In general,
firmness of raw pasta was higher than that
of cooked pasta (no shown statistically). It
1s related to greater water absorption of the

2021) and weaker protein network during

cooking (Makdouk & Rosentrater, 2017).

] . . ——

cooked pasta samples (Brochard er al.,

(Gupta er al., 2021). Likewise, cooking
and processing can affect all the color
factors due to the oxidation of carotenoids
present 1n the pasta samples (Krawecka ef
al., 2020).

PR
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Moreover, the control needed higher stram
force to be cut than the GF samples. It was

. r " sample 2 (1.5% b-glucan and 1% XG) had
because of thepformmationyof iore l‘]g]d the highest level of Ash. The crude fiber in
network hy glu(m (Bmc]]ardﬂﬂ[.? 2[]21) GF samples was more than that of the

- control, and sample 2 and 3 showed the
In cooked pasta samples, the hughest level * ol also

ranged from 5.30 (sample 3) to 6.01
(sample 1). It demonstrated that different
percentage of hydrocolloids present In

pasa s [
AHAIES| De Paula ef al., 2017).
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Fig. 2. The color factor of cooked and raw pasta samples.
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Tahle 4. The textural parameters of pasta samples with TPA test

Samples Hardness Adhesiveness {ohesiveness Elasticity Chewiness
Control 42 ] 347 1.11+0.00° 0. 660, 02" 0690, 18 17 44:0 87"
1 40.56+1.51° 0.97+0.03" 0. 60,027 0.62+0.07* 16.60+2 74"
2 104440 36° 0_82+0.00° 0. 45+0.01° 0.5 1+0.02° 7.08+0.06°
3 12.2940.26" 0.84+0.01° 0.47+0.02° 0.45+0.01° 6.9440.15°
4 132440, 56" 0.82+0.03° 0.57=0.02* 0.62+0.05% 11.66+1.12°

Each value is the mean + standard deviation of three replicates. In each column, different superscript letters
mean significant differences (P<0.05).

Table 5. Prebiotic actiaty and olucose release and different starch fractions of pasta samples

Prebiotic
. . Glucose release  Glucose release
T e at 20 min at 120 min RS 508 s
Conirol 7.47+.08" 35.60+2 557 93 65H1.617 52 74+0.87° 31.55:0.78° 15.72+0.55
1 7200008 55.57+2 55° 91690617 5001087 32.5240.78%  17.48+0.55°
2 7.500.08"% 36.3942. 55" 77.4140.61° 34.44:087% 3523078 30.34:0.55°
3 7.92+0.08" 26.77+2 557 63532401617 25 26+0.87° 3353078 41.21+0.55°
4 7. 2000.08° 16 8842 55" 653241617 34.04:0 87" 24262078 40.80+0.55°
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