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ABSTRACT
The proximate composition of sweet potato powder indicates that it possesses significant amounts of
proteins, fat and fiber (8.16, 0.65, and 2.68%, respectively) while the cassava flour indicates significant
amounts of proteins, fat and fiber (3.96, 0.48, and 4.78%, respectively). Cassava flour and sweet potato
powder, also are rich in vitamins, as well as, various mineral constituents such as calcium, zinc and
iron. All tested treatments showed that the sweet potato powder and cassava flour crackers were
significantly contain higher nutrient contents compared to control crackers. In the current study, corn
flour substituted with sweet potato powder and cassava flour till 100% of corn flour, gave crackers in
formula 1 (100% sweet potato powder) with a better nutritional value in protein and fiber (87.5 and
1.17%, respectively). While formula 5 (100% cassava flour) show a high level of ash and carbohydrate
(1.44 and 75.31%, respectively). The thermal analysis DSC (Differential scanning calorimetry) and
TGA (Thermogravimetric analysis) presented a stable status for formula 5 (100% cassava flour) in
enthalpy change (ΔH) 138.55 as well showed high sensory evaluation compared to the other formulas.
Therefore, it could be concluded that, consuming cassava flour and sweet potato powder crackers could
be used to provide a part of the daily requirements of protein, dietary fiber, carbohydrate, calcium, iron
and zinc for of nutrients for with celiac disease and successes to prepared a good gluten free crackers
product.
Keywords: Cassava, Sweet Potato, Gluten Free Crackers and Thermal Analysis

1. Introduction
Crackers are a type of bakery products. Crackers are species of snacks, light weight and expended
between meals (Lusas, 2001). Diverse researchers have assessed the production of bakery products like
crackers, biscuits and cookies with health reinforcement ingredients. (Julianti et al., 2017). Tunick et
al. (2013) reported that the cracker is usually described as crunchy.
Crackers were defined by Han et al., (2010) as thin, crisp wafers, typically made of unsweetened
and unleavened dough. Crackers are popular and worldwide consumed as low moisture baked goods
(Kweon et al., 2014).
Celiac disease (CD) is an immune system inflammatory illness of the small intestine system that's
accelerated by the ingestion of gluten in hereditarily susceptible people (Singh et al., 2018). Gluten is
the type of protein primarily found in wheat other than a few other cereal grains such as rye and barley
(Rosell et al., 2014).
Dietary treatment for celiac disease is based only on a stringent gluten-free diet in which dietary
wheat, barley and rye are excluded. This was described to improve histological lesions, clinical
manifestations and the risk of celiac disease related complications (Ciacci et al., 2002).
Cassava flour is a major food staple in Africa, South America and Caribbean, cassava flour as a
substitute for wheat flour in bakery products as an economically and cheap (Abass et al., 2018). A
major advantage in using for applying cassava resource is to greatly increase the choice and variety of
staple foods for a large people, especially as a type of important gluten-free food for persons with celiac
Corresponding Author: Mahmoud A. El-Wakeel, Food Science Dept., Faculty of Agriculture, Bani-Suef Univ.,
Bani-Suef 62511, Egypt.
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disease (Bascuñán et al., 2017). Usal et al. (2007) indicated that cassava flour can be used on a several
food industries and the major utilization is in the starch production, chips production, sweeteners like
high fructose and glucose syrup.
The trend in utilization of sweet potato (Ipomoea batatas (L.) Lam) is shifting away from its use
as a staple food to use it as a processed food, a raw material for industrial products (Chen et al., 2003).
The carbohydrate composition in sweet potato roots greatly affects the eating quality and processing
traits (Oladeyebe et al., 2009). Sweet potatoes are an economical and a healthy food crop containing
high β-carotene, substantial of ascorbic acid and minerals amounts (Lee et al., 2002). Sweet potato
flours were applying to use for specific requirements like in soups, sauces, snacks, etc., therefore,
knowledge on functional and physicochemical characteristics of its starch is essential. (Tetchi et al.,
2007). Pramodrao and Riar, (2014) reported the use of dried and ground sweet potato as a supplement
in noodles and other wheat-based baked foods.
The current study aimed to prepare and determine the nutritional value, physical properties and
thermal properties of gluten free crackers substituted with cassava flour and sweet potato powder as a
natural supply of nutrients for celiac disease populations.

2. Materials and Methods
2.1. Materials
Cassava tubers (Manihot esculenta), Nigerian variety, were obtained from the farm of
Horticultural Research Institute, Agricultural Research centre, Giza, Egypt., Yellow corn flour, and
other baking materials: salt, sugar, butter, and baker’s yeast were purchased from a local market a Cairo.
Sweet potatoes (Ipomoea batatas L. Lam) were obtained from a local market, Cairo, Egypt.
2.2. Methods
I. Preparation of Cassava and sweet potato as powders.
Cassava tuber was processed according to the method described by Mosha et al. (2000). After
tubers washing, it was peeled and cut into slices and soaked in water at a ratio of 1: 2.5, (cassava slices:
water) at room temperature for 24h .The cassava slices were washed in a large amount of distilled water,
squeezed and dried at 60oC for 12h, in air oven. The dehydrated product was milled to a fine powder,
then packed into polyethelen bags and stored in a deep freezer until using. While the sweet potato after
cleaning, peeling and trimming they were sliced by special tools in cubic form and blanched in hot
water at 95°C for 5 min. After which they were washed in cold water, dry in a air oven at 65 ºC for
overnight and milling in a powder form.
II. Preparation of Crackers
For making crackers, the procedure by Han et al. (2010) was followed, with some modifications.
Table (1) shows the crackers ingredients.
Table 1: Gluten free crackers formulations Ingredients
Ingredients (g)
Yellow Corn Flour
Cassava
Sweet potato
Shortening
Salt
Starch
Sodium Bicarbonate

Control
100
10
1.5
4
0.2

F1
0
100
10
1.5
4
0.2

F2
25
75
10
1.5
4
0.2

Samples
F3
50
50
10
1.5
4
0.2

F4
75
25
10
1.5
4
0.2

F5
100
10
1.5
4
0.2

The ingredients of each formula are shown in Table (1). For the preparation of gluten-free
crackers the shortening, salt and water were mixed in a mixer Moulinex mixer model Supermix150 for
1 minute, then scraped down, and continued to mix for 3 minutes. Dry ingredients (yellow corn flour,
cassava and sweet potatoes) and baking powder were progressively added to mixture and mixed at a
low speed for 3 minutes after this the dough of crackers were left to rest for 15 min., then sheeted and
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the dough were formed using the templates with an outer diameter of around 5 mm and thickness of 3
mm. The crackers were baked at 170º C for 15 min, after baking the crackers were let to cool around 1
h at room temperature and packaged in polyethelen bags until used.
III. Chemical Composition
Moisture, protein, fat, crud fiber, ash and minerals (Na, Ca, P, Mg, Zn and Fe) content; of the
investigated samples and crackers were carried out according to the AOAC (2012). Total carbohydrates
are given by difference. On the other hand, total calories were calculating as mentioned by James,
(1995) according to the equation of Total calories= 4 (%Protein + % Carbohydrates) + 9 (% fat).
Vitamin B complex was determined using HPLC (Agilant Technologies, Germany, 1200 series
equipped with a variable wave length detector) according to the method described by Batifoulier et al.
(2005). Vitamin A was determined using HPLC according to the method described by Plozza et al.
(2012).
IV. Physical Characteristics of Crackers
Crackers were evaluated for weight (g) thickness (mm) and volume (cm3) as described by Gaines
(1991). Six crackers edge-to-edge were used for the evaluation and the average was noted. Diameter
and thickness were measured using a Vernier Caliper, while the specific volume =volume /weight
(cm3/g). However, the crackers hardness was determined using a feature Texture Profile Analyzer
(TPA) according to AACC (2002). Hardness was calculated from TPA graphic in Newton (N).
2.3. Thermal Analysis
I. Differential Scanning Calorimetry (DSC)
DSC measurements were carried out by DSC-60 (Shimadzu Co.; Kyoto, Japan) calorimeter at
temperatures within 50-200 ºC in an inert gas stream (nitrogen). The measurements of the tested
samples were performed using around 10 mg of each sample which were put into an aluminum pan. A
sample pans were heated at a rate of 10ºC/min from 50–200ºC. Onset temperature (To); peak
temperature (Tp); conclusion temperature (Tc) and enthalpy of gelatinization (ΔH gel) were
automatically calculated (Kaur et al., 2002). The gelatinization temperature range (Rt) was computed
as (Tc-To) as described by Vasanthan and Bhatty, (1996). Enthalpies were calculated on a sample dry
basis. The peak height index (PHI) was calculated by the ratio of ΔH/ (Tp-To) as described by Mousia
et al. (2004).
II. Thermogravimetric analysis (TGA)
TGA was carried out by a Shimadzu TGA-50H (Japan) apparatus, the measurements of the tested
sample were performed using about 10 - 20 mg of each sample. Samples were heated from 20 to 600ºC
with a heating rate of 10ºC/min. Analyses were carried out under a nitrogen atmosphere with a 20
ml/min flow rate using alumina cell. Degradation temperatures were determined from the DTG scans,
as the peak maximum (Averousa and Boquillon, 2004). Thermogravimetric Analyzer Nitrogen gasJapan.
III. Sensory Evaluation
Crackers samples were organoleptic evaluated for its sensory characteristics. A crackers sample
was served on white, odorless and disposable plates and water was provided for rinsing between
samples for ten panelists. Samples were scored for appearance, color, flavor, texture, taste and
crispiness. Control corn crackers were used to compare with our product for sensory test. The evaluation
was carried out according to the method of Wanyo et al. (2009).
2.4. Statistical Analysis
The analytical data were statistical analyzed using SPSS 20.0. Means and standard deviations
were determined using descriptive statistics. Comparisons between samples were determined using
analysis of one-way variance (ANOVA) and multiple range tests. Statistical significance was defined
at P≤ 0.05.
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3. Results and Discussion
The proximate compositions of yellow corn flour, sweet potato and cassava powder are presented
in Table 2.
Results in Table (2) showed the moisture content of cassava flour was 9.16%, while the moisture
content of sweet potato was 5.45%. It is clear that, these results are in accordance with the results
reported by Dudu et al. (2019). However, from results mentioned in Table (2) it is clear that the crude
protein content of sweet potato almost doubles the amount of protein content of cassava flour a roughly
equal of protein content yellow corn flour accepted with Padonou et al. (2005).
Results also showed that the ash content of sweet potato powder was 2.9%, while cassava flour
was 3.55% and yellow corn flour was 1.16%. These results are accordance with Ogbo and Okafor
(2015), where these data indicated that partial substitution of sweet potato powder by cassava flour
increase the ash content, with increasing of substitution level. The obtained results presented the cassava
flour had a high content of crude fiber 4.78% followed by sweet potato 2.68%, compared to its content
of yellow corn flour which was 1.20%. while the lipid content of sweet potato powder was 0.65%, while
the lipid content of cassava flour was 0.48 %. These results of crude fiber and lipids are in agreement
with those reported by Ihediohanm, (2010). The obtained results in table (2) declared that the total
carbohydrate contents of cassava and sweet potato powders were higher 87.67 and 85.93% compared
with yellow corn flour (75.01). These results agreed with Erbas et al. (2005).
Table 2: Chemical composition, minerals and vitamins contents of raw materials.
Chemical composition g/ 100g (dry weight)
Parameters

Yellow Corn Flour

Moisture

12.95 a

Crud Protein

8.55 a

Crud Fat

2.14 a ±0.04

Ash
Crud Fiber
Carbohydrate by different

Cassava flour

Sweet potato powder

±0.03

8.16 b

±0.05

5.45 c ±0.05

±0.21

3.96 c

±0.22

8.16 ab ±0.24

0.48 b ±0.05

0.65 c ±0.07

c

1.16 ±0.20

a

2,95 b ±0.22

a

2,68 c ±0.11

3.55 ±0.25

b

1.20 ±0.07

4.78 ±0.14

75.01 c ±0.53
83.85 b ±0.11
Mineral (mg/ 100g dry weight)

85.74 a ±0.46

Na

42.00 c ±0.53

124.92 a ±0.46

228.00 b ±1.12

Ca

c

20.85 ±0.09

a

52.29 ±0.15

24.85 b ±0.15

P

272.00 b ±0.07

68.00 c ±0.11

295.00 a ±0.12

Mg

93.00 b

145.29 a

85.00 c ±0.07

±0.12

±0.12

Zn

2.72 ±0.25

0.73 ±0.30

3.02 a ±0.21

Fe

4.60 b ±0.06
1.46 c ±0.10
Vitamins (dry weight)

5.73 a ±0.09

Vit A (IU)

42.30 b ±0.08

Thiamine B1 (mg/100gm)

b

c

34.00 c ±0.07

c

0.21 ±0.02

0.36 a ±0.02

b

0.25 ±0.01

c

4150.00 a ±0.12

b

Riboflavin B2 (mg/100gm)

0.07 ±0.01

0.12 ±0.01

0.26 a ±0.01

Niacin B3 (mg/100gm)

1.75 c ±0.04

2.13 b ±0.07

2.43 a ±0.09

Vit B6 (mg/100gm)

0.35 b

0.22 c

0.90 a ±0.01

±0.03

±0.03

Values are means of three replicates ±SD.
Values number in the same raw followed by the same letter are not significantly different at p<0.05 level

The cassava flour and sweet potato powder are rich in various mineral constituents. The
predominant mineral was magnesium followed by sodium, phosphorous, calcium, magnesium, zinc and
iron (Bedier, 2004). Results on cassava flour agreed with that found by Alonso-Gomez et al. (2016).
The results showed an increase in the sodium content of sweet potato powder, reaching 228
mg/100g, which is almost double the value in cassava flour, which is almost five times that of yellow
corn flour , while the calcium content of cassava flour was 52.29 mg/100g, which is almost double the
amount found in sweet potato powder is almost equal to that in yellow corn flour however, the content
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of phosphorous in sweet potato powder reached 295 mg/100 g , which is five times that of sweet potato
powder . Whereas, sweet potato powder’s iron and zinc contents were 5.73 mg/100 g and 3. 20 mg /
100 g, respectively, which is about four times the amount in cassava flour and were very closed to the
value of yellow corn flour, while magnesium reached 145.29 mg / 100 g which is twice the amount in
yellow corn flower and sweet potato powders agreed with Montagnac et al. (2009).
The results showed a high content of sweet potato powder of vitamin A, which amounted to
4150 IU, compared to cassava flour and yellow corn flour (34 IU and 42.30 IU, respectively). however,
the result presented a high content of vitamin B group (B1, B2, B3 and B6) in the sweet potato powder
Thiamine B1, Riboflavin B2, Niacin B3 and Vit B6 content were( 0.36, 0.26, 2.43and 0,90 mg/100 g,
respectively),compared to cassava flour and yellow corn flour, thus the sweet potato powder is richer
than the content of vitamin B group as reported by El-Bedawy et al. (2009).
3.1. Chemical Composition and Nutritional Value of Crackers
The chemical compositions of the crackers are given in Table 3. All the tested parameters tested
showed that the sweet potatoes and cassava flour crackers had significantly higher nutrient content
compared to control crackers (p<0.05).
The results in Table (3) show that moisture content in crackers (F1) with 100% sweet potato
powder was significantly higher (4.53%) than control (4.13%). The results presented that the F1 (100%
sweet potato powder) was the highest content of protein (8.75 %) and a gradual decrease in the protein
percentage was observed with the ratio of cassava flour increased, reaching 7.76 % in the treatment F5
(100% cassava flour). The ash content in the F1 (100% cassava flour) shows the highest value (1.191%)
and the amount of ash increased with an increase in the percentage of cassava flour,as well as the
increase in fiber content in the F5 (100% in cassava flour) and F4(75% in cassava flour + 25% sweet
potato powder) and decreased with increasing the content of sweet potato powder to reach to 1.17% in
F1(100% sweet potato powder). The carbohydrates in all treatments ranged from 76.24 in F5(100%
cassava flour) to 73.94 in F2(75% sweet potato powder + 25% cassava flour). As expected, the total
energy increased with the increase cassava flour as a result of increase in carbohydrate contents with a
stable fat content in all treatment of crackers agreed with Agrahar-Murugkar et al. (2018).
Table 3: Chemical Composition and Caloric Values of the Prepared Crackers.
Total Energy
(Kcal /100g)

1.02 d ±0.02

Carbohydrate
74.53d ±0.03

1.17 c ±0.07

74.96 c ±0.06

440.68 c ±0.23

f

Moisture

Protein

Fat

Ash

Fiber

Control

4.13 c ±0.01

8.23 c ±0.03

1.42 e ± 0.03

F1

4.53 a ±0.04

8.75 a ±0.03

11.79a ±0.02
11.76a ±0.07

1.41 e ±0.05

436.75 e ±0.12

F2

4.34 ±0.07

8.49 ±0.06

11.74a ±0.05

1.49 ±0.02

1.30 ±0.05

73.94 ±0.08

435.38 d ±0.33

F3

4.12 c ±0.05

8.36 c ±0.07

11.7 a ±0.06

1.66 c ± 0.06

1.33 b ±0.09

74.11 e ±0.05

435.63 d ±0.14

b

1.78 ±0.04

1.43 ±0.07

75.9 ±0.02

442.13 a ±0.11

1.91 a

1.44 a

76.24a

441.66 b ±0.31

b

b

F4

4.13 ±0.02

8.24 ±0.07

11.73a ±0.05

F5

4.26 b

7.76 d

11.74a

c

±0.04

c

±0.03

±0.05

d

±0.02

b

a

±0.06

b

±0.01

Values are means of three replicates ±SD. Values number in the same raw followed by the same letter are not
significantly different at p<0.05 level

3.2. Mineral and Vitamin Composition
The sodium in treatment F1(100% sweet potato powder) was 205.13 mg/100gm) represented
half of the amount in treatment F5 (100% cassava flour ) which was 101.12 mg/100gm, while the
calcium recorded the highest percentage in treatment F5 and it decreases by increasing the
concentration in the cassava flour to reach the lowest value in F1 (100% sweet potato powder ) and
control yellow corn flour .The treatment F5 (100% cassava flour ) recorded the highest value of
magnesium, phosphorous and zinc and the value were 102.41, 242.41and 2.64 mg/100gm,respectively,
and the percentage decreases as the concentration of cassava flour decreased and the concentration of
sweet potato powder increased. However a high percentage of iron was 4.83 mg/100gm was observed
in the F1(100% sweet potato powder), whereas F5 (100% cassava flour) recorded the lowest value of
iron and less than the control sample, concurrently with El-Bedawy et al. (2009).
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Vitamin A contents decrease with increasing the substation level of, since the source of vitamin
A is sweet potato powder. While vitamin B complex showed an increase with increasing of sweet potato
powder level agree with Ugwuona et al. (2017).
Table 4: Mineral and Vitamin Composition of the Prepared Crackers.

Na (mg/100gm)
Ca (mg/100gm)
P (mg/100gm)
Mg mg/100gm)
Zn (mg/100gm)
Fe (mg/100gm)

Vit A (IU)
Thiamine B1
(mg/100gm)
Riboflavin
B2(mg/100gm)
Niacin B3
(mg/100gm)
Vit B6 (mg/100gm)

Control

F1

94.12 f±
0.02
146.34 e ±
0.02
261.05a ±
0.07
60.21 c ±
0.09
2.18 d ±
0.09
1.52 e ±
0.06

205.13 a
±0.01
146.35 e
±0.04
81.28 f ±
0.12
32.32 e ±
0.04
1.61 f ±
0.03
4.83 a ±
0.03

32.21 e ±
0.05
0.16 c ±
0.04
0.05 c ±
0.04
1.28 a ±
0.07
0.20 e ±
0.04

3571.32 a ±
0.05
0.16 c ±
0.01
0.04 c ±
0.01
1.27 a ±
0.04
0.46 a ±
0.09

F2
Minerals
170.25b±
0.76
149.64b±
0.03
94.53 e ±
0.25
54. 27 d±
0.05
1.95 e ±
0.1
3.35 b ±
0.06
Vitamins
2607.87b±
0.06
0.17 c ±
0.02
0.04 c ±
0.01
1.29 a ±
0.03
0.41 b ±
0.03

F3

F4

F5

122.1 c ±
0.23
147.75 c ±
0.05
107.29 d ±
0.23
56.24 d ±
0.03
2.14 c ±
0.02
2.36 c ±
0.01

107.67 d
±0.21
161.74 b ±
0.04
187.13 c ±
0.25
83.44 b ±
0.13
2.31 b ±
0.11
1.97 d ±
0.03

101.11e ±
0.12
189.85a ±
0.04
242.41b ±
0.22
102.41a ±
0.12
2.64 a ±
0.14
1.17 f ±
0.02

2001.87c±
0.05
0.21 b ±
0.04
0.05 b ±
0.03
1.11 b ±
0.09
0.37 c ±
0.07

265.53 d ±
0.03
0.21 b ±
0.02
0.07 b ±
0.05
1.13 b ±
0.03
0.29 d ±
0.03

27.7 f ±
0.04
0.25 a ±
0.03
0.09 a ±
0.02
1.11 b ±
0.06
0.27 d ±
0.04

Values are means of three replicates ±SD.
Values number in the same raw followed by the same letter are not significantly different at p<0.05 level.

3.3. Physical Properties
Physical characteristics of crackers are very important for consumers and manufacturers. Too
much elasticity (gluten) in the dough will spring back to give thicker crackers with smaller diameter;
while too little elasticity may cause the dough to flow after molding, resulting in thin crackers with
larger diameter (Mian et al., 2009).
Table 5: Physical characteristics of prepared crackers.
Control

F1

F2

F3

F4

Weight (gm)

2.86 a

±0.06

2.96 a

±0.02

2.92 a

±0.07

2.85 a

±0.06

2.84 b

±0.03

2.84 b ±0.09

Thickness (cm)

0.21 a

±0.06

0.21 a

±0.07

0.21 a

±0.02

0.21 a

±0.05

0.21 a

±0.08

0.21 a ±0.03

0.83 b ±0.02

0.82 b ±0.02

0.85 b ±0.02

Volume (cm3)

0.89 a ±0.03

0.83 b ±0.03

0.30 ±0.01

0.30 ±0.01

0.29 ±0.01

0.29 ±0.01

0.29 ±0.01

0.29 a ±0.01

Hardness (N)

25.61 a

23.98 c

24.83 b

24.98 b

25.63 a

25.96 a ±0.02

±0.04

b

a

0.84 b ±0.02

Specific Volume (cm /g)

3

b

±0.05

±0.02

a

F5

±0.02

a

±0.01

*Values are means of three replicates ±SD.
Values number in the same raw followed by the same letter are not significantly different at p<0.05 level.

The results of the cracker weight are shown in Table 5. weights of cracker were reduced and
thickness were increased with increasing level of with sweet potato powder with stability thickness in
all samples
These results were similar to those reported by Agrahar-Murugkar et al. (2018). As for the weight
and thickness, Demirkesen (2016) suggested that spread ratio is affected by the competition of
ingredients for the available water; flour or any other ingredient which absorbs water during dough
mixing will reduce it.
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The results of the cracker specific volume are shown in Table 5. Inclusion of F2 (50% cassava +
50% sweet potato powder) resulted in crackers with lower specific volume than that of the control
cracker
Cracker hardness is defined as the (maximum force required to break or fracture the product. The
addition of different levels of sweet potato and cassava flours resulted in crackers with a reduced
hardness compared with the control cracker. Such results could be regarded to that the crackers
containing sweet potato powder had a higher total fiber content flowed by cassava flour compared with
the control cracker (Table 3). O'Shea et al. (2017) found that, as the level of sweet potato powder
increased, the biscuit hardness or breaking strength decreased.

Hardness (N)

Specific Volume (cm3/g)

Volume (cm3)

Thickness (cm)

Weight (gm)
0
F5

10
F4

F3

F2

20
F1

30

Control

Fig. 1: Physical properties of prepared crackers
3.4. Thermal analysis
Differential scanning calorimetry (DSC) has been used to study changes in proteins and starches
as a function of temperature (Haynes and Schuenzel, 2011). These changes are reflected in the DSC
curve. Under controlled conditions of heating rate, thermal stability of samples can be monitored by the
onset temperature (To) or peak transition temperature (Tp), while the transformed proportion is reflected
by the area under the endothermic peak, representing the enthalpy change (ΔH)
Onset temperature (T0) of all the tested samples ranged from 32.86 ºC in F5 (100% cassava flour)
to 319.42 ºC in F2 (25% cassava flour + 75 sweet potato powder). The peak gelatinization temperature
(Tp) was the highest one (331.44 ºC) in F4 (75% cassava flour + 25% sweet potato powder) sample
followed by F3 (50% cassava flour +50% sweet potato powder) (329.44 ºC), on contrary, the peak
gelatinization temperature which was only 96.49 ºC in control yellow corn flour flowed by 94.17 was
observed in the peak 1 in F5 (100% cassava flour) sample, compared to the other tested samples.
The conclusion temperature (Tc) of all tested samples ranged between 121.46ºC in p1 in sample
F2 (75% sweet potato powder +25% cassavas flour) to 369.43 ºC in F3 (50% sweet potato powder
+50% cassavas flour) and exhibited a little variation a mong these samples
The gelatinization temperature (Rt) of the tested samples was ranged from 10.67 to 112.2 ºC.
Furthermore, Rt were broadest (101.19 and 102.16 ºC for peak 1 in F4 (cassava 100%) and F1 (100%
sweet potato powder) samples, respectively, it could be attributed to the irregularly shaped and cuboidal
starch granules. This finding was in agreement with the scientific view of Athawale and Lele, (2000)
who found that the main decomposition peak of starch was around 300 ºC in thermal studies on granular
maize starch. The lowest values of Rt were recorded as 10.67 and13.58 ºC for peak 2 in both F5 and
control samples, respectively.
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The ΔH value of gelatinization of tested sample was higher (93.92 and 93.90 mcal/mg) in F4 and
F2, respectively, and the lowest ΔH value (1.17 mcal/mg) was in the peak 2 in F1, compared to the
other tested samples.
Table 6: Differential Scanning Calorimetry (DSC) of different tested samples
Peak

To (°C)

1
2
3

35.93
284.37
284.37

1
2
3

38.23
287.02
314.56

1
2
3
4

32.04
270.90
293.39
319.42

1
2
3
4

40.10
269.18
284.52
316.25

1
2
3

42.41
289.29
314.85

1
2
3
4

32.86
272.21
287.86
317.02

Transition Temp.
Tc (°C)
Control
96.49
143.49
278.67
270.79
294.20
313.99
F1
89.58
140.39
276.62
271.15
325.61
368.96
F2
78.52
121.46
279.49
287.19
303.68
316.23
328.03
356.07
F3
86.37
146.45
277.63
284.52
294.45
313.81
329.44
369.43
F4
90.65
143.60
278.54
267.91
323.79
353.79
F5
94.17
145.06
279.53
282.88
295.55
313.28
331.47
362.01
Tp(°C)

ΔH

PHI

Rt

87.38
1.54
14.17

1.44287
0.27018
1.44151

107.56
13.58
29.62

111.81
1.17
20.85

3.91218
0.1125
1.88688

102.16
15.87
54.4

93.90
3.51
18.23
10.33

2.02022
0.40861
1.77162
1.19977

89.42
16.29
22.84
36.65

127.60
2.54
20.98
28.72

2.75773
0.30059
2.11279
2.17741

105.9
15.34
29.29
53.18

93.92
3.48
10.70

1.94693
0.32312
1.19687

101.19
21.38
38.94

138.55
1.41
17.19
24.10

2.25983
0.19262
2.23537
1.66782

112.2
10.67
25.42
44.99

To = onset temperature, Tp = peak temperature, Tc = conclusion temperature, Rt = gelatinization range (Tc _ To); ΔHgel=
enthalpy of gelatinization (dwb, based on dry weight basis of flour), PHI = peak height index ΔHgel/((Tp _ To).

3.5. Thermogravimetric Analysis (TGA)
Thermogravimetric Analysis (TGA) measures change in weight and /or rate of change in weight
(derivative thermogravimetric analysis (DTG). TGA is a type of testing that is performed on samples
to determine changes in weight in relation to change in temperature. TGA has proved to be a suitable
method to investigate the thermal stability of polymeric system. The knowledge of both degradation
and made of decomposition under the influence of heat is highly recommended in the processing
optimization. The threshold decomposition temperature gives an indication of the highest processing
temperature that can be used, whereas the study of the kinetics of the different decomposition processes
may help in the identification of the degradation mechanisms. Perhaps this technique may be exploited
less than DSC in the food investigations, it measures the change of weight in sample during heating or
while holding at a constant temperature and primary used to determine the composition of materials
and to predict their thermal stability at temperatures up to 600 °C. The technique can characterize
materials that exhibit weight loss due to decomposition and /or oxidation as well as dehydration.
The profile of the thermal decomposition of the sample’s characteristics with three or four events
of thermal decomposition could be illustrated in Table (7). The thermogravimetric curves of the tested
samples presented the first event of the thermal decomposition at temperature intervals from 63.28 to
103.5ºC for F1 (100% sweet potato powder) and F5 (100% cassavas flour), respectively.
The percent weight loss in the third stage in the tested samples, ranged from 296.64 ºC in F1
(100% sweet potato powder) to 303.07 ºC in control sample. This stage shows the highest level of loss
during decom position. While the F4 (25% sweet potato powder +75% cassavas flour) and F5 (100%
cassavas flour) have 4 stages. The F1 (100% sweet potato powder) sample recorded the highest weight
loss was 81.214 at 296.64 ºC in stage 3 while the F5 (100% cassavas flour) showed the smallest weight
loss (53.28 at 298.96 ºC) at the same stage (stage 3).
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The tested sample showed the residue at 600 ºC from 12.67 in F3 (50% sweet potato powder
+50% cassavas flour) to 5.35 in F1 (100% sweet potato powder). On the other hand, the samples control
(100% yellow Corn flour) and F4 (25% sweet potato powder +75% cassavas flour) come into view
approximately12.5 % as seen in Table (7), while the F5 (100% cassavas flour) shows 7.93 %
These results suggest that it is likely, in the case of different investigated samples, that it is the
degree of crystallization, rather than granule size, that has the more important impact on thermal
properties (Fujita et al., 1998).
Table 7: Thermogravimetric (TGA) data of different powder samples
Stage

Temperature (°C)
Peak (Tp)

1
2
3

71.53
195.4
303.07

1
2
3

63.28
202.66
296.64

1
2
3

66.53
199.94
300.2

1
2
3

67.15
199.79
302.45

1
2
3
4

68.46
204.14
300.52
500.2

1
2
3
4

103.5
204.42
298.96
440.5

Weight %
Loss during decom.stages
Residue at 600 ºC
Control
7.18
2.94
12.43
77.43
F1
8.328
4.987
81.214

5.35

6.956
5.502
74.743

12.67

8.524
3.530
78.239

10.3

F2

F3

F4
8.297
5.238
57.569
16.165

12.51

F5
8.234
7.346
53.28
20.79

7.93

Sensory Evaluation of the of the Prepared Crackers
The preference for the products, in terms of the sensory parameters used in assessing the product.
Sensory evaluation is a unique discipline that makes use of experimental design and statistical analysis
concepts to human senses, with the aim of evaluating consumer products. The mean scores of sensory
attributes of the crackers are given in Table 8.
Means of sensory evaluation of cracker prepared from corn flour and cassava powder and sweet
potato powder replaced by different levels of cassava flour presented in Table (8). Scores for appearance
presented the highest value for samples with an increase in cassava flour substitution than sweet potato
powder. The results showed also a decrease in the color scores of crackers by increasing of cassava
addition levels from in control to 100% cassava flour while the F1sample (100% sweet potato powder)
shows closed value to the control sample, the taste score also, showed an almost the same control sample
and F5 (100% cassava flour) values, compared to F1(100% sweet potatoes) and F2 (75%sweet potato
powder +25 cassava flour) which had the lowest value of the tasted. The texture of the crackers
produced from 100% cassava flour obtained the highest grade, compared with the F1 sample (100%
sweet potato powder) showed the lowest value, while the treatment F2 (25% cassava flour + 75 sweet
potato powder), F3 (50% Cassava flour + 50 sweet potato powder) and F4 (75% cassava flour + 25
sweet potato powder) showed the same value and a lowest value than the control sample. The crispiness
scores were increased with the increasing of cassava flour and the highest value was found in control
sample whilst F1 sample (100% sweet potato powder) showed the lowest value of crispiness and was
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decreased when add sweet potato powder. Total scores showed an increase in sample F5 (100%
cassava flour) nevertheless F1sample (100% sweet potato powder) showed the lowest value in total
scores compeer to control sample. These results are in accordance with Huang and Miskelly (2016).
Table 8: Sensory Evaluation of the of the Prepared Crackers
Control

F1

F2

F3

F4

F5

Appearance (15)

14.4 a ±1.02

11.6 c ± 1.30

11.7 c ± 0.72

12.2 b ±0.82

12.6 b ± 0.52

13.6 a ±0.82

Color (15)

14.0 a

±0.32

13.4 b

± 0.69

12.6 c

± 0.46

12.8 c

± 0.76

13.1 c

±0.67

12.5 d ±0.32

Flavor (15)

15.0 a

± 0.45

10.6 d

± 0.68

13.6 d

± 0.24

12.2 d

± 0.55

c

12.0 ± 035

11. 6 b ±0.45

Texture (15)

14.0 a ±0.86

12.0 c ± 0.94

12.2 c ± 0.21

13.4 b ± 0.16

Taste (20)

a

17.8 ± 0.36

11.8 d ± 0.31

12.2 c ± 0.53

b

16.2 ± 0.47

e

d

16.4 ± 0.45

d

d

16.3 ± 0.45

17.3 b ±0.37

b

17.0 ± 0.49

Crispiness (20)

18.0 ± 0.48

17.5 ± 0.39

16.33 ± 0.35

17.2 ± 0.46

17.8 ± 0.75

18.2 a ±0.53

Total score (100)

93.2 a ± 2.14

80.05 f ± 1.19

82.83 e ± 1.56

82.7 d ± 0.96

84.7 c ± 0.84

86.6 b ±0.36

a

c

c

*Values are means of ten panelists ±SD.
Values number in the same raw followed by the same letter are not significantly different at p<0.05 level.
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