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ABSTRACT

This study was carried out to use whole meal quinoa flour,
papaya powder, gelatinized corn flour, rice flour, defatted soya flour
and potato starch for production of gluten-free biscuits suitable for
celiac patients. Carboxy methyl cellulose (CMC) was used to improve
the quality of gluten-free biscuits at level of 0.1%. Biscuit made of
100% wheat flour (WF) 72% extraction was prepared for comparison.
Chemical composition, mineral contents of basic raw materials and
rheological properties of used mixtures were determined, also, the
chemical composition, mineral content and physical properties (color
values, baking quality and sensory attributes) for final products were
evaluated.

The results showed that, papaya powder contained the highest
value of crude fiber, calcium and iron content, and this increase was
reflected in the increasing of the same aforementioned components in
the final product with the increasing level of papaya powder. Also,
quinoa flour contained the higher value of protein, ash, fiber, zinc,
iron and calcium compared to wheat flour. And through the
evaluating the quality of the final product the results indicated that no
evident discrepancy was observed for instrumental weight, volume,
diameters and thickness between the control biscuit and the gluten
free biscuit samples according to statistical analysis. On other hand,
the results indicated that, in terms of the color of final product was
tends to darkness with the increasing ratio of papaya powder
(decrease L* value), on contrary of redness (a*) values which
increased in the produced gluten free biscuit samples.

Sensory evaluation of gluten free biscuits indicated that all
samples were acceptable, but sample which contained whole meal
quinoa flour, papaya powder, gelatinized corn flour, rice flour,
defatted soya flour and potato starch at ratio 20:20:15:15:15:15
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respectively had superior sensory characteristics compared to other

gluten free samples and highly nutritional value compared to control

(100% wheat flour) and suitable for celiac patients.

Key words: Celiac disease, Wheat flour, Gluten free biscuit, Quinoa
flour and Papaya powder.

INTRODUCTION

The celiac disease is a genetically predisposed autoimmune disorder that
results in damage to the lining of the small intestine when foods with gluten are
eaten (Mirhosseini et al., 2015). Nowadays, there is a high demand for the
development of food products that increase the availability of gluten-free food
in order to attend an increasing demand. This constitutes an actual
technological challenge with a wide possibility for investigation (Sansone et al.,
2013; Rinaldoni et al., 2014). Although wheat flour baked goods are consumed
worldwide, some individuals present intolerance to the prolamins (celiac
patients) of wheat, and to other cereal grains such as rye, oats and barley. This
intolerance, called celiac disease, seriously impairs intestinal absorption and
can lead to a severe malnutrition (Waszczuk et al., 2007; Niewinski, 2008).

Cereal-based crackers, cookies, and breakfast cereals are the products
that an important source of energy for human nutrition. Cookies are widely
consumed in many countries because they have a broad range of the choices to
be enjoyed as a snack with low cost and longer shelf life (Abdel-Moemin,
2015).

Quinoa (Chenopodium quinoa Willd.) flat, oval-shaped seeds that are
usually pale yellow but can range in color from pink to black (Karyotis et al.,
2003). Quinoa is a grain with exceptional nutritional value which has high
concentrations of protein, all essential amino acids, unsaturated fatty acids, and
a low glycemic index (Gl), it also contains minerals, vitamins, and other
beneficial compounds, and is gluten-free. Quinoa is easy to cook also has
versatility in preparation (Vega-Galvez et al., 2010; Tang et al., 2015).

The world production of papaya fruits (Carica papaya L.) in 2008 was
estimated to be approximately 9.1 million tonnes (FAOSTAT, 2008). Papaya is
a good source of vitamins, minerals and fiber (Roberts et al., 2008). Therefore,
the fruit pulp of papaya is usually consumed as fresh slices, and it can be
processed and used in more variety of products, such as bakery products
(Adubofuor et al., 2012).

Therefore, the aim of this study was to develop gluten-free biscuit
from whole meal quinoa flour and papaya powder as an alternative
to wheat flour to meet the need of people with celiac disease, and evaluation of
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the impact of these alternative materials on physical, chemical and
organoleptic properties of biscuit.
MATERIALS AND METHODS

Materials

Wheat flour (72% extraction), rice flour (commercial name Zamzam),
papaya fruits, potato starch, shortening, ground sugar, vanilla powder, eggs,
salt, Cream of tartar, Ammonium bicarbonate and Sodium bicarbonate were
purchased from the local market. Quinoa seed sample (grown in Egypt in
2016 season) was purchased from the ministry of agriculture in season
2016-2017 and kept at 3-4°C until used in technological studies. Corn
grains (Zea mays L.) were purchased from the Corn Breeding Section, Field
Company, Egypt. Defatted soy flour was obtained from the Agriculture
Research Center, Giza, Egypt. Calcium hydroxide and carboxy methyl
cellulose (CMC) supplied by Degussa Texturant Systems, Germany.

Methods
Preparation of gelatinization corn flour

Laboratory process for preparing dry corn masa was performed
according to Vidal-Quintanar et al. (2001) with some modifications as
reported by Hussein et al. (2011) as follows: The whole white corn grains
and 1% calcium hydroxide solution were mixed in ratio of 1:3 (w/w) and
then cooked at 95 °C for 95 min on an electronic. The resulted nixtamal was
steeped over night (15 h) at 24+1°C then, washed with (5L) tap water
followed by decantation using a sieve. The washing process was repeated
three times to remove excess lime and pericarp. The wet masa was spread
on aluminum foil in a layer of 2.5 cm thickness then dried in convection
oven adjusted to 85 °C for about 6 h with occasional mixing. The dry masa
was milled in Chopin CD1 mill to pass through a 40 mesh screen (420um).
The obtained masa was packed in polyethylene bags and the bags were
stored in a refrigerator (4°C) until used.

Preparation of quinoa flour

Quinoa flour was prepared according to Al Shehry (2016) with some
modifications. The seeds were washed many times with tap water to remove
saponins until there was no more foam in the washing water, then dried in
an air ventilation oven (SHEL LAB 1370 FX, Germany) at 50°C until dried.
Quinoa seeds were ground to fine powder in an electric grinder (Quadrumat
Junior flour mill, Model Type No: 279002, ©Brabender ® OHG, Duisburg
1979, Germany) and sifted through a 60 mesh, stored at 4 £1°C until used.
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Preparation of papaya powder

The papaya powder is prepared from fresh papaya according to
Varastegani et al. (2015) with some modification. As follows: papaya fruits
were washed with tap water and peeled manually, seeds were removed and
the pulp was cut into small slices (0.5 to 1 cm thick) then slices dried in
oven at 60 °C for 24 h . The dried slices were milled to fine powder using a
bench-top grinder and sieved to pass through 60 mesh, packed in
polyethylene bags. The bags were stored in a refrigerator (4 +1°C) until
used.

Analytical methods
Chemical composition

Moisture, ash, fiber, protein and fat contents of raw materials and
different biscuits were determined according to AACC (2000). Total
carbohydrates were calculated by difference: 100 - (protein + fat + fiber + ash).
Individual elements (Calcium, zinc and iron) contents in all samples were
determined according to the method described by Chapman and Pratt (1962).

Rheological properties
Rheological properties of doughs were evaluated using
viscoamylograph test according to A.A.C.C. (2000).

Processing of gluten-free biscuits

Gluten free biscuits preparation was carried out according to the
method of Schober et al. (2003) with some modifications. The ingredients
were weighed according to the recipes in Table (1). The eggs were initially
homogenized with a hand blender (Braun, Kronberg, Germany) for a few
seconds. Then, sugar, shortening and egg were mixed for 20 sec. at speed 3.
Half of the flour and all other ingredients were then included and mixed for
20 sec. The remaining flour was added and mixed for 140 sec. to give a total
mixing time of 3 min. Following a rest time of 20 min, then the dough was
sheeted for 5 mm thickening with a diameter of 50 mm. Biscuits formed
manually and baked at 180 °C for 20 min in laboratory oven. The biscuits
cooled at room temperature for 75 min.

Baking quality of gluten-free biscuits

Diameter (D) was measured by Boclase (HL 474938, STECO,
Germany). Also, volume (V) and thickness (T) of biscuits were determined
according to standard methods described in A.A.C.C. (2000). The spread
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ratio D/T was calculated by dividing the average value of diameter by the
average value of thickness of gluten free biscuits.
Table 1: Composition of mixtures used in manufacture of biscuits.

Ingredients (gm) Formulas

Control 1 2 3 4 5
Wheat flour (72%0) 100 - - - - -
Quinoa Flour - 40 30 20 10 -
Papaya powder - - 10 20 30 40
Rice flour - 15 15 15 15 15
Gelatinized corn flour - 15 15 15 15 15
Defatted Soy flour - 15 15 15 15 15
Potato starch - 15 15 15 L]
Cream of tartar 01 01 01 01 01 01
Shortening 28 28 28 28 28 28
Ammonium bicarbonate 0.1 01 01 01 01 | 01
Carboxy methyl cellulose - 0.1 0.1 0.1 01 | 01
Eggs 275 2715 | 275 275 2715 | 275
Vanilla 1 1 1 1 1 1
Sugar 35 35 35 35 35 35
Sodium bicarbonate 2 2 2 2 2 2
Salt 091 091 | 091 091 091 | 091

Color determination

Surface gluten free biscuit color was measured according to Sapers
and Douglas (1987). Hunter L*, a* and b* (lightness, redness and
yellowness, respectively) parameters were measured with a color difference
meter using a spectro-colorimeter (Tristimulus Color Machine) with the CIE
lab color scale (Hunter, Lab Scan XE - Reston VA, USA) in the reflection
mode. The instrument was standardized each time with white tile of Hunter
Lab Color Standard (LX No0.16379): X= 72.26, Y= 81.94 and Z= 88.14
(L*=92.46; a*=-0.86; b*=-0.16).

Organoleptic characteristics of biscuit
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Biscuit samples were organoleptically evaluated by ten panelists (male
and female) for its sensory characteristics: appearance, color, odor, texture,
taste and overall acceptability as the method described by Larmond (1977).
The maximum score of each attribute was (20) degrees.

Statistical analysis

The obtained results were statistically analyzed using SPSS statistical
package (Version 20) according to Rattanathanalerk et al. (2005), analysis
of variance (ANOVA). Duncan’s multiple range test and least significant
difference (LSD) was chosen to determine any significant difference among
various treatments at P <0.05.

RESULTS AND DISCUSSION

Chemical composition of raw materials

Proximate Composition of raw materials under study i.e., wheat flour
(72% extraction), Quinoa flour, fresh papaya, rice flour, gelatinized corn
flour (GCF), defatted soy flour and potato starch were evaluated for their
chemical composition as shown in Table (2).

The obtained results showed that, fresh papaya had the highest value
of moisture content (85.94%) and fiber (12.45%) on dry basis. While the
highest value of protein and ash contents were recorded by defatted soy
flour (36.76% and 4.33%), respectively in compared to potato starch that
recorded the lowest value of protein content (0.11%) followed by rice flour
(7.25%). Concerning fat content, the highest value was recorded by quinoa
flour (5.25%) followed by gelatinized corn flour (4.15%).

The obtained results nearly agreed with those of Sharoba et al. (2009).
They determined the chemical composition of wheat flour 72% ex. and
found that the contents of moisture, protein, fat, ash, crude fiber and
available carbohydrates were 11.99%, 11.85%, 1.06%, 0.52%, 0.54% and
86.04% respectively. Also, these results were in agreement with those of
Abou-Zaid et al. (2012) they determined the chemical composition of crude
quinoa and reported that it contained 11.65% moisture, 14.10% protein,
5.90% fat, 3.79% ash, 4.35% crude fiber and 71.86% total carbohydrates.

Concerning the results of papaya powder, the percentage of crude
fiber was in agreement with those reported by Puwastien et al. (2000) and
USDA (2009) they reported that total dietary fiber content of ripe papaya
fruit varies from 11.9 to 21.5 g/100 g dry matter, crude protein content
ranges from 3.74 to 8.26 g/100 g dry matter and the total lipid content varies
between 0.92 and 2.2 g/ 100 g dry matter.



J. Product. & Dev., 24(1): 2019 83
Table (2): Chemical composition of raw materials (on dry weight basis).
Samples Chemical composition (g/100g)
Moisture | Protein | Fat Fiber | Ash | Carbohydrates
Wheat flour 12.95° | 10.66° | 1.18° | 0.61° | 0.57° 86.98"
Quinoa 12.63° | 1555° | 5.25° | 3.62° | 3.58° 72.00¢
Papaya 85.94° | 9.39° | 0.10° | 12.45" | 3.90" 74.16"
Rice flour 1155° | 7.25" | 1.44° | 2.15° | 0.65° 88.51°
ﬁ;ﬁ“”ized M | 1089° | 8.87° | 415" | 4.80° | 3.34° 78.84°
Ef.fittEd soy 12.23%¢ | 36.76* | 2.33° | 3.52° | 4.33° 53.06°
Potato starch 14.11° | 011° | ND ND | ND 99.89°
LSD at 0.05 0.720 | 0.249 | 0574 | 0.425 |0.161 4.215

The same letter in the same column are not significantly different at P< 0.05.

N.D. = not detected.

Mineral contents of raw materials

Table (3) presented some mineral contents of raw materials
(Calcium, iron and zinc) and the obtained results referred to the highest
value of calcium content (228.0 mg/100g) was investigated by papaya
powder followed by quinoa flour (77.70 mg/100g), also papaya powder
recorded the highest value of iron content (7.18 mg/100g) on the contrary to
wheat flour which recorded the lowest value of iron content (0.83 mg/100g).

Table (3): Mineral content of basic materials (on dry weight basis).

Mineral content (mg/100g)

Samples
Ca Fe Zn
Wheat flour 25.40° 0.83° 1.54°
Quinoa flour 77.70° 5.70° 4.93
Papaya 228.0° 7.18° 0.39°
LSD at 0.05 9.872 0.788 0.032
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The same letter in the same column are not significantly different at P< 0.05.

However, the lowest value of zinc content was recorded by papaya
powder (0.39 mg/100g). While the highest value of zinc content was
recorded by quinoa flour (4.93 mg/100g). The result of iron content in
wheat flour was in agreement with Sharoba et al. (2009) and Abou-Zaid et
al. (2012) they reported that the iron content in wheat flour 0.71mg/100g
and 0.73mg/100 respectively. Also, the results of detected mineral contents
of papaya (Ca, Fe and Zn) were in a harmony with the results which
reported by the QECD (2010) where their results indicated the calcium, iron
and zinc content in papaya varieties were ranged between 57.93mg/100g-
285.93mg/100g, 0.9mg/100g — 14.81mg/100g and 0.39mg/100g -2.8mg/100
respectively. Also, these results confirmed those of Konishi et al. (2004)
they reported that quinoa flour contained 86.30mg/100g calcium and
4.0mg/100g zinc.

Effect of different mixtures of flour on viscoamylograph parameters

Table (4) presented viscoamylograph values of resulted dough from
the control sample (100% wheat flour 72% extraction) and the other gluten
free dough. The obtained results indicated that, the lowest value of heat of
transition (55°C) was recorded by the resulted dough from quinoa flour
while the other samples recorded nearly values which ranged between (60-
63°C). Also, the maximum viscosity showed the lowest value by the
resulted dough from quinoa flour in contrast to the highest value which
recorded by the resulted dough from wheat flour, on other hand the resulted
dough from wheat flour recorded the highest values of temperature of
maximum viscosity, break down viscosity and set back viscosity (93°C,
2250 B.U. and 1480 B.U.), respectively.

Table (4):.Effect of different mixtures of flour on viscoamylograph parameters

Heat of | Maximum Temp. of Break down | Set back
Samples | transition | viscosity Maximum viscosity viscosity
(°C) (B.U)) viscosity (°C) (B.U) (B.U)
Control 63.00 1250 93.00 2250 1480
1 55.00 200 87.00 190 300
2 63.00 720 85.00 520 500
3 60.90 520 75.00 420 520
4 61.50 720 85.50 720 640
5 63.00 860 81.00 520 860
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Where: control= 100% wheat flour (72% ex.), 1= 40% quinoa, 2= 30% quinoa + 10%
papaya, 3=20% quinoa + 20% papaya, 4= 10% quinoa + 30% papaya, 5=40% papaya.

These results are in agreed with those of Mariotti et al. (2005). They
found that Pasting temperature for wheat flour 72% extraction were 63 °C.
Also, Ando et al. (2002) reported that, the gelatinization temperature of
quinoa starch ranges from 54°C to 71°C. However, the thermal properties of
quinoa flour were not correlated with breakdown and setback, likely was
due to other composition factors in the flour, such as protein and fiber
(Sandhu and Singh, 2007).

Chemical composition of gluten free biscuit

Chemical composition of gluten free biscuit samples were determined
and the obtained results are shown in Table (5). The results indicated that,
the moisture contents were gradually increase where the percentages of
papaya powder increased and no significant difference between the gluten
free biscuit samples which content 10% quinoa flour plus 30% papaya
powder and the samples content 40% papaya powder. While the highest
value of ash content (1.85%) was recorded by the sample content 40%
quinoa flour with significant difference.

Table (5): Chemical composition of gluten free biscuit (on dry weight

basis).
Chemical composition of biscuit (g/100g)
Samples
Moisture Ash Protein Fat Fiber | Carbohydrates
Control 3.95° 053 8.92° 17.31° | 0.89' 72.35°
1 377" 1.85% 11.69° | 18.18° | 236 66.53°
2 4.01°° 1.72° 1151° | 1886° | 3.05° 65.16"
3 412° 1.58° 11.36* | 1961° | 3.82° 63.63°
4 433 1.42¢ 1121% | 2044 | 466° 61.97°
5 439 1.25° | 11.08* | 21.36° | 5.60° 60.10°
Lg[O)Sat 0105 | 0091 | 0606 | 1.154 | 0094 3514

The same letter in the same column are not significantly different at P< 0.05.
Where: control= 100% wheat flour (72% ex.), 1= 40% quinoa, 2= 30% quinoa + 10%
papaya, 3=20% quinoa + 20% papaya, 4= 10% quinoa + 30% papaya, 5= 40% papaya.
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Concerning the fat and fiber content, these results indicated that the
gluten free biscuit sample contained 40% papaya powder recorded the
highest values of fat and fiber content with significant differences (21.36
and 5.60% respectively). While the control samples of biscuit (wheat flour
72%) recorded lowest values of ash, protein and fiber content with
significant differences. The chemical composition of control biscuit was in
agreement with those reported by Youssef (2015) he reported that wheat
biscuit contained 3.75% moisture, 9.11% protein, 1.00% fiber and 77.19%
total carbohydrates. Also, Brito et al. (2015) reported that quinoa flour let to
increase ash and fiber content and decrease the total carbohydrate content
compared to the biscuit produced from wheat flour as a control. Also, these
results were in agreement with those of Yusufu and Akhigbe (2014) they
reported that the replacement of wheat flour by different levels of papaya
powder led to increase protein, ash, fiber contents in the produced biscuit.

Mineral contents of gluten free biscuit produced from flour mixtures

From the results presented in Table (6) it could be noticed that,
according to the statistical analysis, all biscuit samples were significantly
varied for calcium and iron contents. Whereas, the highest value of calcium
was presented by the gluten free biscuit sample contained 40% papaya
powder on contrary to control sample (242.14 and 71.96 mg/100g
respectively) while, the higher values of iron content were recorded by the
gluten free biscuit samples contained 10% quinoa flour plus 30% papaya
powder and the gluten free biscuit sample contained 40% papaya powder
with no significant differences (12.24 and 12.92 mg/100g respectively).
These results were agreement with those of Brito et al. (2015) they reported
that the gluten-free quinoa-based cookies were found to be a good source of
fiber and minerals.

Baking quality of gluten free biscuit

Results in Table (7) showed the weight (g), volume (cm?),
specific volume (v/w), diameter (cm), thickness (cm) and spread ratio (%)
of gluten-free biscuits. The results indicated that no evident discrepancy was
observed for instrumental weight, volume, diameters and thickness between
the control biscuit and the other gluten free biscuit samples according to
statistical analysis.

However, the higher values of specific volume were recorded by the
control biscuit sample and the gluten free biscuit sample which contained
40% quinoa flour (1.75 and 1.72 cm3/g respectively) with no significant
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differences, while the other samples where gradually decreased in the same
character by increasing of papaya powder.
Table (6): Mineral content of gluten free biscuit samples (on dry weight

basis).
Mineral content (mg/100g)
Samples
Ca Fe Zn

Control 71.96' 1.74° 2.08°
1 165.5° 7.78¢ 4.10°
2 185.32¢ 9.60° 3.48°
3 209.02° 10.58" 2.86°
4 222.62° 12.24° 2.30¢
5 242.14° 12.92° 1.70"
LSD at 0.05 11.991 0.861 0.097

The same letter in the same column are not significantly different at P< 0.05.
Where: control= 100% wheat flour (72% ex.), 1= 40% quinoa, 2= 30% quinoa + 10%
papaya, 3=20% quinoa + 20% papaya, 4= 10% quinoa + 30% papaya, 5= 40% papaya.

Table (7): Baking quality of gluten free biscuit.

Parameters
Samples Weight Volume Specific Diameter | Thickness Spread
() cm®) | volume (V\w) (cm) (cm) ratio
Control 10.85° 19.00° 1.75° 6.30° 0.65° 9.69°
1 11.03° 19.00° 1.72° 6.00° 0.61° 9.84°
2 1150° 19.00° 1.65% 6.20° 063 9.84°
3 1143 1850° 1.62° 6.10° 063 9.68°
4 11.05° 18.00° 163° 6.20° 0.62° 10.00°
5 11.30° 18.00° 159° 6.20° 0.61° 10.16°
LSD at 0.05 0.852 1.654 0.094 0427 0.054 0.285

The same letter in the same column are not significantly different at P< 0.05.
Where: control= 100% wheat flour (72% ex.), 1= 40% quinoa, 2= 30% quinoa + 10%
papaya, 3=20% quinoa + 20% papaya, 4= 10% quinoa + 30% papaya, 5= 40% papaya.

However, the gluten free biscuit samples contained 10% quinoa flour
plus 30% papaya powder and sample contained 40% papaya powder
recorded the higher values of spread ratio (10.00 and 10.16 respectively)
with no significant differences.
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These results were in agreement with those of Yusufu and Akhigbe
(2014) they reported that the addition of papaya powder to wheat flour had
no significant difference in case of volume, diameters and thickness.

Color values of gluten free biscuit

The color of the biscuits is one of the characteristics is firstly
perceived by the consumer and affects the acceptability of the product.
Therefore, the Hunter parameters L*, a* and b* of biscuits were
determined and the obtained results are shown in Table (8). The obtained
results indicated that, the control biscuits sample showed higher value of L*
and it was 75.77 (more lightness) compared to the L* value of gluten free
biscuit sample which contained 40% quinoa was recorded 61.96 (less
lightness), likewise, b* values(yellowness) which appear the highest value
with control sample (36.91) with significant difference compared to the
other samples. However, the lightness color was decreased with the increase
of papaya powder, on contrary of a* values (redness) which as with the
increase of papaya powder in gluten free biscuit samples.

These results in agreement with those of Abou-Zaid et al. (2012) they
reported that with the increasing the percentage of added quinoa meal to
wheat flours, led to decrease the values of lightness (L*) and yellowness
(b*) slightly in all fortified samples. Also, Thejasri et al. (2017) reported
that, the addition of quinoa flour to wheat flour led to decrease the lightness
of gluten free biscuit samples and they approved that to the higher value of
protein in quinoa flour compared to wheat flour.

Table (8): Color values of gluten free biscuits.

Parameters
Biscuit samples
L* a* b*

Control 75.77° 7.01° 36.91°

1 61.96° 9.25¢ 32.69°

2 53.33° 12.69° 29.56°

3 50.48° 14.78" 26.55¢

4 41.65° 15.082 24.13¢

5 35.91¢ 16.33% 22.81°

LSD at 0.05 7.529 1.307 2.548
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The same letter in the same column are not significantly different at P< 0.05.
Where: control= 100% wheat flour (72% ex.), 1= 40% quinoa, 2= 30% quinoa + 10%
papaya, 3= 20% quinoa + 20% papaya, 4= 10% quinoa + 30% papaya, 5= 40% papaya.
Organoleptic characteristics of gluten free biscuit

Gluten free biscuit samples produced were sensory evaluated for
color, taste, odor, texture, appearance and overall acceptability. The
obtained results are shown in Table (9) indicated that, no significant
differences in color between the control sample and the gluten free biscuit
sample contained 40% quinoa flour sample (1).

Table (9): Organoleptic characteristics of gluten free biscuit.

Overall
Color Taste | Odor | Texture| Appearance .
Samples 20) 20) (20) (20) (20) acc(efgg;olllty

Control 18958 | 19.33* | 1955* | 18.85° 18.90° 96.50°
1 18.10* | 1655° | 18.80° | 1850° 18.41° 81.50°
2 17.20° | 17.30°¢ 19.00* | 18.11° 18.00° 83.50°
3 17.00° | 17.63° | 1842° | 17.97° 17.64° 87.59°
4 16.23° | 1652%%| 18.05° | 16.56° 16.29° 80.60°
5 1450° | 1352° | 17.21° | 16.08° 14.62° 70.45°
Lg%)Sat 0760 | 0757 | 0799 | 0817 0.722 3.178

The same letter in the same column with are not significantly different at P< 0.05.
Where: control= 100% wheat flour (72% ex.), 1= 40% quinoa, 2= 30% quinoa + 10%
papaya, 3=20% quinoa + 20% papaya, 4= 10% quinoa + 30% papaya, 5= 40% papaya

Also, no significant differences in color between the sample (2) contained
30% quinoa flour plus 10% papaya powder and the gluten free biscuit
sample (3) contained 20% quinoa flour plus 20% papaya powder (17.20 and
17.00 respectively). Whereas, the taste character showed the highest value
with control sample (19.33) with significant difference compared to other
gluten free biscuit samples which ranged between 17.63 in the sample (3)
contained 20% quinoa flour plus 20% papaya powder to the lowest value
(13.52) in the sample (5) contained 40% papaya powder. Concerning to
odor and texture, the obtained results indicated that no significant difference
between the control sample and the sample (1) contained 40% quinoa flour
and the sample (2) contained 30% quinoa flour plus 10% papaya powder in
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the same characteristics. Moreover, no significant difference between the
biscuit sample (2) produced from 30% quinoa flour plus 10% papaya
powder and the gluten free biscuit sample (3) contained 20% quinoa flour
plus 20% papaya powder in appearance character, whereas the control
sample recorded the highest value of overall acceptability (96.50) followed
by the gluten free biscuit sample (3) contained 20% quinoa flour plus 20%
papaya powder (87.59). And according to the results of Pathak, et al.,
(2018), they studied the effect of papaya pulp powder on the quality of
biscuit with different substitution levels to wheat flour and they reported
that, the produced biscuit recorded high score concerning the taste and
overall acceptability and the biscuit was almost same to the control sample.

Conclusively, celiac disease is an autoimmune disorder
characterized by intolerance to gluten. Gluten free flours mixtures could be
used to produce good quality gluten free biscuit with acceptable physical
and sensory qualities. The blends of flours (quinoa flour, papaya powder) at
ratio 20:20 or 30:10 respectively are more suitable for produce gluten free
biscuit in terms of sensory evaluation. Also, the nutritional values (protein,
ash, fiber, iron, calcium and zinc) were increased in the gluten free biscuit
compared to the control sample, on contrary to the percentage of
carbohydrate content which decreased in the all samples compared to
control. However, no evident discrepancy was observed for instrumental
weight, volume, diameters and thickness between the gluten free biscuit and
the control biscuit. Thus, the produced gluten free biscuits are suitable for
those people suffering from celiac disease especially for children with zinc,
calcium and iron deficiency.
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