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Abstract: Potato chips are the most popular snack consumed especially by children. These chips are considered unhealthy 

due to high levels of fat and salt content. This study was conducted to produce healthy chips from potato, lupine and green pea 

flour and enhance the nutritional value of chips. The chips were prepared using Potato, lupine and green pea flour at different 

ratios (100%:0%:0%, 90%:10%:0%, 85%:15%:0%, 90%:0%:10%, 85%:0%:15%, 80%:10%:10% and 70%:15%:15% 

respectively). Proximate analysis, minerals content, amino acids composition, physicochemical analysis, biological active 

compounds analysis and sensory evaluation were carried out on the product chips samples. It showed that moisture content 

ranged between (7.43-8.77), protein content (7.89-16.07), crude ether extract content (3.90-6.31), ash content (3.00-3.75), 

crude fiber (2.75-4.12) and carbohydrate content (74.77-61.66). The Minerals analysis revealed that sample G (70% potato 

flour and 15% lupine flour and 15% green pea flour) was the highest in potassium, iron, calcium and zinc content with low 

sodium content. The amino acids composition was found that the sample G contained the highest percentage of the essential 

amino acids including (lysine, phenylalanine threonine and valine). Physicochemical analysis revealed the following ranges: 

bulk density (0.74-0.91g/ml), water absorption (1.70-1.94g/g), swelling capacity (1.12-1.95ml/g) and pH (5.44 -5.89). 

Biological active compounds analysis reported the following ranges (mg/100g): total phenolic content (790.84 -1783.64) and 

antioxidant activity (82.78%-97.16%). While, sensory evaluation results showed that no significant difference between the 

products of the seven chips samples. Conclusively healthy chips can be prepared successfully from each potato, green Pea as 

well as lupine Flour as a nutritious snack to children suffering from malnutrition. 
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1. Introduction 

Malnutrition is one of the most common problems among 

developing countries, with more than 800 million children 

under 5 years old suffering from malnutrition and weakly 

growth. Whereas more than 10 million deaths per year in that 

age [1, 2]. 

Potato chips are the most popular snack consumed in 

people especially by children [3]. Nevertheless, these chips 

are considered unhealthy because they contain high levels of 

fat and salt, as well as acrylamide which is formed at high 

temperatures [4-6], aldehydes, ketones and trans fatty acids 

[7, 8]. 

However, because of its favorable taste as the addition of 

mono sodium glutamate these chips are constantly consumed 

in social occasions as a snack, they are also eaten during the 

day, [9]. 

Healthy Snacks must be containing all nutrients, should 

provide energy and easy to eat as well as palatable taste. 

Finally, must be considered to be healthy [10]. 

Potatoes (Solanum tuberosum) is one of the most 

important crops in the world in addition to wheat, rice and 

corn [11]. Also it considered as good source of 

carbohydrates, proteins, which contain amino acids that 

fulfilled human requirements, phosphorus, iron, calcium, 

vitamin C, B1 and B2, and has high protein calorie ratio 

([12]. Potato also contains antioxidants as phenolic acids, 
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ascorbic acid and carotenoids [13]. So, we can benefit from 

the high nutritional value of potatoes in reducing malnutrition 

among children. 

Peas (Pisum sativum) is an herbaceous vine belonging to 

the leguminosae family also it considered to be one of the 

cheapest crops and the highest nutritional value and also 

processed seeds are used to preparation of functional foods 

especially for pre-school children to improve the utilization 

of protein. Furthermore, green pea protein is rich in lysine 

whereas mostly cereal proteins are lacking in lysine so can 

complement cereals complying with pea protein [14]. 

FRIAS et al. [15] found that reported negligible trypsin 

inhibitor activity in pea during extrusion process at 129°C, 

135°C, and 142°C. Which indicated that these temperatures 

considered, suitable for the manufacturing of novel pea-

derived products which characterized by high nutritional 

value and natural green color [16]. 

Lupine (Lupinus) flour is a new food ingredient. Which 

is rich in 40–45% protein, 25–30% fiber, nutritionists 

have been recommended increasing consumption of 

dietary fiber in daily diet to improve health. Fiber is also 

important to reduce the risk of cardiovascular diseases, 

diabetes, obesity and certain types of cancers [17]. It was 

found to be reliable source of antioxidants which consist 

of the polyphenolic compounds and flavonoids [18, 19]. 

Compared to soybeans and other legumes, Lupine contains 

a small amount of anti-nutrition. Also it has great 

importance in incorporation with a wide range of several 

foods such as cereal products due to its pale in color and 

low in odor and flavor [20, 21, 22]. 

Thus, the aim of the study is to produce healthy chips 

ready to eat using Potato, Green Pea and Lupine Flour for 

malnourished children. 

2. Materials and Methods 

2.1. Materials 

Potatoes (Solanum tuberosum L., var. cara), dried green 

peas (DGP), sweet lupine seeds, sugar, salt, whey powder, 

spices (black pepper, garlic powder and onion powder; 

1:1:1), corn oil were obtained from the local market, 

Alexandria, Egypt. The lupine and dried green peas were 

milled using a hummer mill 1400 perten) and passed through 

a 10 mm sieve. All chemicals and reagents used in this study 

were of analytical grade. 

2.2. Methods 

2.2.1. Preparation of Potato Flour 

The chosen potatoes do not contain any infection or 

infestation and then washed with running tap water to 

remove any soil, dirt and dust and then put them in vessel of 

boiling water for 15-20 minutes, then peeling and Shredding 

them using a stainless steel milling, then placing the samples 

in drying trays in a single layer and placed in the drying oven 

at 55°C for 24 hours, Finally, dried potato samples are 

milling with an electric mill [23]. 

2.2.2. Production of Healthy Chips 

The healthy chips as shown in table 1. were prepared by 

mixing potato flour, lupine, green peas, and other ingredients, 

including (salt, sugar, spices (black pepper, garlic powder and 

onion powder, 1:1:1), corn oil, whey powder and water) 

according to the method described by Adedapo et al. [10]. All 

ingredients were mixed until we get smooth dough, 10 min 

resting of dough, then shredding the dough and forming it, 

then baked in the electric oven at 180°C for 12 minutes, then 

cooled, packaged and labeled. 

Table 1. Ingredients used for production of healthy chips. 

Ingredients 
Samples 

A B C D E F G 

Potato flour (%) 100 90 85 90 85 80 70 

Lupine flour (%) 0 10 15 0 0 10 15 

Green pea flour (%) 0 0 0 10 15 10 15 

Salt (g) 3 3 3 3 3 3 3 

Sugar (g) 2 2 2 2 2 2 2 

Corn Oil (g) 3 3 3 3 3 3 3 

Spices mixture (g) 3 3 3 3 3 3 3 

Whey powder (g) 3 3 3 3 3 3 3 

 

2.2.3. Proximate Chemical Composition 

Proximate chemical composition including moisture, crude 

ether extract, crude protein (N×6.25), crude fiber and total 

ash were determined according to the AOAC [24]. Total 

carbohydrate was calculated by difference. Total calories 

were calculated as mentioned by Zambrano et al., [25] 

according to the following equation 

Total calories = 4 (protein + Carbohydrates) + 9 (fat) 

2.2.4. Determination of Minerals 

Minerals (Iron, Calcium, Potassium, Sodium and Zinc) 

were measured in ash solution using Perkin Elmer atomic 

absorption spectrometer (Model 2380) as according to the 

AOAC [24]. 

2.2.5. Amino Acid Composition 

Amino acid content was estimated as described by Moore 

et al., [26]. Amino acids were determined using an AAA 400 

automatic amino acid analyzer (INGOS, Czech Republic). 

Prior to analysis; samples were subjected to acid hydrolysis 

in the presence of 6 ml HCl at 105°C for 24 hours. Sulphur-

containing amino acids were measured separately in 6 ml 

HCl after oxidative hydrolysis (formic acid + hydrogen 

peroxide, 9:1 v/v, 20 h at 4°C). Chemical Score was 
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calculated according to FAO/WHO /UNU [27]. 

C. S	 = 	
mg	of	essential	amino	acid	in	g		protein	sample

mg	essential	amino	acid	in	requirement	pattern
 

2.2.6. Physicochemical Analysis 

(i). Bulk Density 

Bulk density was determined by the method of Murphy et 

al., [28] the sample was filled up a 10ml graduated cylinder 

up to the 10 ml mark. The cylinder was tapped (agitated) for 

5min. The weight of the filled cylinder was taken and the 

bulk density was calculated as the weight of sample per unit 

volume (g/ml). 

(ii). Water and Oil Absorption Capacity 

Water absorption capacity were determined according to 

the methods described by Wani and Kumar [29] It weighs 1 g 

of the sample and then put 10 distilled water and it was 

stirred for 30 min using a glass bar and then put the 

centrifuge at 2200×g for 30 min The water was emitted from 

the centrifuge is disposed. 

(iii). Swelling Capacity 

Swelling capacity was Estimated by the method of 

Raghavendra et al., [30] it weighed dry sample 0.2 g then put 

graduated cylinder and added to 10 ml distilled water and 

leave at 18 h. After 18 h, the final the increase in sample 

volume is calculated Swelling capacity (ml/g) = Volume 

occupied by sample/ Original sample weight. 

(iv). pH Value 

The pH value was estimated by mixing 10 g of sample 

with 100 ml distilled water AOAC, [24]. 

2.2.7. Bioactive Compounds 

(i). Determination of Total Phenols and Antioxidant 

Activity 

The total phenolic contents as% Gallic acid of healthy 

chips were determined by folin- Ciocalteau regent (1:10 

diluted) was added to 0.2 ml of methanolic extract after 4 

min thus 0.8 ml of Na2CO3 solution and after 30 min 

incubation at the room temperature, thus, the samples were 

centrifuged at 5.000rpm for 10 min. the absorbance was 

measured at 765nm Li et al., [31]. 

Radical scavenging activity of chips sample was measured 

using the DPPH (2, 2-diphenyl-1-picrylhydrazyl) according 

to Brandwilliams et al., [32]. The percentage of DPPH 

scavenging for chips sample was calculated as follows: 

Scavenging DPPH% = [Abscontrol - Abssample) × 100 / Asbcontrol 

2.2.8. Sensory Evaluation of Healthy Chips 

Color, taste, odor, texture, and overall acceptability of 

health chips were assessed using 10 panelists of home 

economics department, Faculty of Agriculture, Alexandria 

University, the panelists were asked to score the above 

attributes according to standard hedonic rating scale from 9 

(like extremely) to 1 (dislike extremely) according Kramer 

and. Twigg [33]. 

2.2.9. Statistical Analysis 

All data of the present study were expressed as mean 

values ±SD Statistical analysis system (SAS) software 

program SAS Institute [34] was carried out by (ANOVA) 

followed by using t Tests (LSD) at P≤ 0.05 which indicated 

statistically significant difference. 

3. Results and Discussion 

3.1. Proximate Chemical Composition of Raw Material 

proximate chemical composition of raw material are 

shown in Table 2 The results of proximate chemical 

composition indicated that lupine flour contained significant 

higher amounts of crude protein, Crude ether extract and 

crude fiber (43.17, 9.90 and 11.56%, respectively) compared 

with these of potato and green pea flour (6.14, 0.83, 4.41% 

and 24.18, 2.11, 4.39%, respectively) on the other hand 

potato flour contained significant higher amounts of 

moisture, Ash, carbohydrates and energy values (10.40, 4.19, 

74.02% and 309.69Kcal/100g, respectively) compared with 

lupine and green pea flour (10.11, 3.52, 21.73, 

219.19Kcal/100g, respectively). These results are nearly in 

accordance with those reported by Ahmed [35], Wani and 

Kumar [29] and Kaur and Aggarwal [36]. 

Table 2. Proximate chemical composition of raw material. 

Components 
Flour 

L.S.D 
Potato Lupine Green pea 

Moisture 10.40±0.14a 10.11±0.15ab 9.96±0.06b 0.4 

Crude protein (N×6.25) 6.14±0.26c 43.17±0.14a 24.11±0.15b 0.62 

Crude ether extract 0.83±0.06c 9.90±0.14a 2.11±0.15b 0.4 

Ash 4.19±0.97a 3.52±0.74a 2.85±0.21a 2.28 

carbohydrate 74.02±1.03a 21.73±0.35c 56.57±1.08b 2.82 

Crude fiber 4.41±0.12b 11.56±0.54a 4.39±0.50b 1.38 

Energy Value (Kcal/100g) 309.69±3.88a 219.19±0.28c 269.40±2.77b 8.78 

Values followed by the same letter in a row are not significantly different at p<0.05 

3.2. Proximate Chemical Composition of Healthy Chips 

Table 3 shows the proximate chemical composition of 

healthy chips, the moisture content ranged between 7.43% to 

8.77%. In general, chips products with varies ingredients 

were low in moisture content, this value is nearly to some 

extent with those previously reported for dried potato chip 

12.30% [37], however the moisture content affects its crispy 
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stability and acceptance quality. 

The protein content ranged from 7.89% to 16.07% and the 

significantly highest content was for the sample A while the 

significantly lowest content was for the sample G. Protein is 

one of the essential elements necessary for the growth and 

division of cells, including essential amino acids and 

essential for building the body, the range of protein content 

was within 8.17% to 12.29% which agreed with what 

reported by Adedapo et al., [10]. 

The Crude ether extract content ranged from 3.90% to 

6.31% and the significantly lowest content was for the 

control while the significantly highest content was for the 

sample F and G. Coorey et al., [38] found that crude fat 

content ranged from 3.88% to 3.32% also no significant 

difference in fat content between each five chips samples. 

These results are in agreement with those found by Cruz et 

al., [39] they are observed a positive relationship between 

moisture content and fat in potato chips. 

The Ash content ranged from 3.00% to 3.75%. The results 

revealed that no significant difference in Ash content for the 

all samples. In accordance it was reported that the Ash 

content of Pringles ranged between 3.49% and 4.73% 

Adedapo et al., [10] which shows a slight difference from 

this result. Also these results are in accordance with those 

reported by Kaur and Aggarwal [36] they found that the ash 

content of the chips ranged from 3.10% to 3.34% and no 

significant difference for the all chips samples. 

The Crude fiber content ranged from 2.75% to 4.12% and 

the results showed the significantly (P<0.05) highest fiber 

content was found in the sample G compared to the control 

sample. Osiriphun et al., [37] found that the crude fiber 

content of dried potato chip and Fried potato chip were 

1.74% and 1.39% respectively. Gomez et al., [40] found that 

dietary fibers play an important role in human health as it has 

a protective role against cardiovascular diseases, 

diverticulosis, constipation, irritable colon, colon cancer and 

diabetes. 

The carbohydrate content ranged from 61.66% in the 

sample G to 74.77% in the sample A. these value is nearly to 

the value of 53.36 to 61.12 which reported by Adedapo et al., 

[10]. The energy values were the lowest for sample G and the 

highest for sample D. 

Table 3. Proximate chemical composition of healthy chips. 

Components 
Chips products 

L.S.D 
A B C D E F G 

Moisture 7.43±0.09ab 7.93±0.16ab 7.70±0.65ab 6.84±0.95b 7.61±0.15ab 7.30±0.88ab 8.77±0.14a 1.32 

Crude protein (N×6.25) 7.89±0.15e 11.80±0.56c 13.86±0.90b 9.45±0.07d 10.11±0.04d 13.30±0.51b 16.07±0.11a 1.07 

Crude ether extract 3.90±1.27b 5.90±0.14a 6.10±0.42a 5.40±0.85a 5.70±0.14a 6.20±0.28a 6.31±0.72a 1.59 

Ash 3.25±0.35a 3.50±0.0a 3.75±0.35a 3.00±0.00a 3.12±0.53a 3.00±0.71a 3.05±0.87a 1.14 

carbohydrate 74.77±1.22a 67.23±1.04c 64.71±1.45d 72.06±0.68b 70.07±0.30b 66.71±0.23cd 61.66±1.46e 2.43 

Crude fiber 2.75±0.35c 3.62±0.18ab 3.87±0.18ab 3.25±0.71bc 3.37±0.18ab 3.87±0.28ab 4.12±0.18a 0.79 

Energy Value (Kcal/100g) 342.09±6.41e 333.84±2.33c 327.62±1.07b 346.29±4.99d 341.71±0.01d 334.38±2.94b 319.52±0.74a 8.08 

Values followed by the same letter in a row are not significantly different at p<0.05 

3.3. Mineral Content of Raw Material 

The results of minerals content of raw Material are shown 

in table 4 The lupine flour contained higher element of Iron 

and Zinc (13.35and 7.80mg/100g, respectively) compared 

with those values of potato and green pea flour (4.30, 

5.52mg/100g) and (8.20 and 7.45mg/100g respectively). 

While The green pea flour contained higher amounts of 

calcium and potassium (438.50 and 1032.50 mg/100g, 

respectively) compared with these values of potato and 

lupine flour (101.25, 837mg/100g) and (199.75, 

925mg/100g), respectively. Finally, potato flour contains a 

high amount of sodium 90mg/100g compared with green pea 

and lupine flour (54, 19.15 mg/100g, respectively. Adrogue et 

al., [41] found that reported that potassium is very importent 

to Transport of electrical charges in the nervous system and It 

also contributes to the reduction of high blood pressure. 

Kaur and Kochhar [42] reported that the potato flour 

contents of iron 3.82 mg/100g, while the value of calcium 

contents about 9.38 mg/100g. 

Pallavi et al., [43] found that the pea contains some mineral 

such as iron, calcium and zinc, in addition currently used as a 

vegetable in the preparation of snacks [44]. Muhammad et al., 

[45] reported that raw lupine seeds contents 735.04 mg/100g 

potassium, 173.05 mg/100g calcium, 3.59 mg/100g iron, 3.50 

mg/100g zinc and 34.03 Sodium. 

Table 4. Minerals Content of potato, lupine and green pea flour (mg/100g) 

on dry weight basis. 

Element Potato flour Lupine flour Green pea flour 

Iron 4.30 13.35 8.20 

Calcium 101.25 199.75 438.50 

Potassium 837.00 925.35 1032.50 

Sodium 90.00 19.15 54.00 

Zinc 2.52 7.80 7.45 

3.4. Mineral Content of Healthy Chips 

Mineral contents of healthy chips are given in table 5. The 

results indicated that iron and calcium content of Chips 

products ranged from 3.52 to 4.84 mg/100g and 104.0 to 

296.9 mg/100g respectively. The iron contents values were 

the lowest for the sample A and the highest for sample G. On 

the other hand, the value of calcium contents was the highest 

for the sample G, Potassium and sodium contents ranged 

from 720 to 812 mg/100g and 1012.35 to 1195.5 mg/100g 

respectively. The sample G was the highest in the potassium 

content and the lowest value was in the sample A, moreover 

the sodium value was lowest content in sample G. 

Zinc content ranged from 2.22 to 6.98 mg/100g, the 

sample G was the highest in the zinc content while the lowest 
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was found in the sample A. 

Table 5. Minerals Content of healthy chips (mg/100g) on dry weight basis. 

Element 
Chips Products 

A B C D E F G 

Iron 3.52 3.98 4.12 3.74 3.98 4.40 4.84 

Calcium 104.00 176.00 199.80 263.10 280.90 272.30 296.90 

Potassium 720.00 742.00 755.00 746.00 790.00 768.00 812.00 

Sodium 398.5 375.6 339.2 394.4 359.2 341.7 337.45 

Zinc 2.22 6.60 6.84 5.00 5.70 6.80 6.98 

 

3.5. Amino Acids Composition 

The amino acids composition of raw material belonging to 

each of: potato, lupine and green pea flour are shown in table 

6. It was obvious that lupine flour is higher than potato, green 

pea flour and whey powder in lysine, leucine, isoleucine, 

tyrosine and valine. On the other hand, lupine flour is higher 

in glutamic (7.46 g/100g) and Arginine (3.80 g/100g) than 

the potato and green pea flour (0.88 g/100g protein, 0.45 

g/100g) and (3.29 g/100g, 1.79 g/100g) respectively. These 

results are agreement with those reported by Ahmed [35] 

who found that the essential amino acid (lysine, threonine, 

isoleucine, phenylalanine and arginine high content in lupine 

flour were recorder 1.63 g/100g, 1.14 g/100g, 1.48 g/100g, 

1.42 g/100g, 3.61 g/100g respectively. 

Lupine seeds represent a good balance of essential amino 

acids [46]. They are considered to be a good source of lysine, 

and are generally poor in the sulfur-containing amino acids 

methionine and cysteín. [47]. 

Table 6. Amino acids composition of raw Material. 

Amino acid (%) protein Potato flour Lupine flour Green pea flour whey powder 

Essential a.a.  

Histidine 0.12 0.85 0.55 0.01 

Isoleucine 0.26 1.44 0.87 0.01 

Leucine 0.45 2.50 1.51 0.01 

Lysine 0.43 1.77 1.51 0.03 

Methionine 0.13 0.40 0.23 --- 

Phenylalanine 0.32 1.47 1.07 --- 

Threonine 0.26 1.27 0.75 0.01 

Valine 0.37 1.99 1.07 0.01 

Total essential a.a 2.34 11.69 7.56 0.08 

Non-Essential a.a  

Alanine 0.29 1.30 1.00 --- 

Arginine 0.45 3.80 1.79 --- 

Aspartic 0.95 3.72 2.36 0.04 

Cysteine 0.15 0.69 0.38 --- 

Glutamic 0.88 7.46 3.29 0.17 

Glycine 0.26 1.41 0.90 0.03 

Proline 0.31 1.31 0.82 --- 

Tyrosine 0.27 1.85 0.81 --- 

Serine 0.25 1.67 0.88 0.01 

Total Non-essential a.a 3.81 23.21 12.23 0.25 

 

3.6. Amino Acids Composition of Healthy Chips 

Table 7 shows amino acids composition of healthy chips. It 

was found that the sample G (70% potato flour and 15% 

lupine flour and 15% green pea flour) contained high 

percentage of the essential amino acids which including 

(lysine, phenylalanine threonine and valine, 0.79, 0.60, 0.49 

and 0.72 g/100g), respectively. While the sample C and F 

contented high in leucine compared with other samples. Also 

found that sample G had higher content of Arginine, 

Glutamic and Aspartic. 

Table 7. Amino acids composition of healthy chips. 

Amino acid (%) 

protein 
A *CS B *CS C *CS D *CS E *CS F *CS G *CS 

FAO/WHO 

Pattern 

(2002) 

Essential A. A.  

Histidine 0.12 6.68 0.19 10.74 0.23 12.77 0.16 9.07 0.19 10.27 0.27 13.13 0.29 1.64 1.8 

Isoleucine 0.26 6.20 0.38 9.01 0.44 10.41 0.32 7.65 0.35 8.38 0.44 10.46 0.53 1.26 4.2 

Leucine 0.45 7.15 0.66 10.40 0.76 12.03 0.56 8.83 0.61 9.67 0.76 12.08 0.92 1.46 6.3 

Lysine 0.43 8.29 0.56 10.86 0.63 12.15 0.54 10.36 0.59 11.40 0.67 12.94 0.79 1.53 5.2 

Methionine 0.13 5.91 0.16 7.14 0.17 7.75 0.14 6.36 0.15 6.59 0.17 7.59 0.19 0.84 2.2 
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Amino acid (%) 

protein 
A *CS B *CS C *CS D *CS E *CS F *CS G *CS 

FAO/WHO 

Pattern 

(2002) 

Phenylalanine 0.32 11.43 0.44 15.54 0.49 17.59 0.40 14.11 0.43 15.45 0.51 18.21 0.60 2.16 2.8 

Threonine 0.26 9.64 0.36 13.38 0.41 15.25 0.31 11.46 0.33 12.36 0.41 15.20 0.49 1.80 2.7 

Valine 0.37 8.82 0.53 12.67 0.61 14.60 0.44 10.48 0.48 11.32 0.60 14.34 0.72 1.71 4.2 

Total essential a.a 2.34  3.28  3.74  2.86  3.13  3.80  4.53   

Non-Essential A. A.  

Alanine 0.29  0.26  0.25  0.36  0.40  0.32  0.35  

 

Arginine 0.45  0.79  0.95  0.58  0.65  0.919  1.15  

Aspartic 0.95  1.23  1.37  1.09  1.16  1.37  1.58  

Cysteine 0.15  0.20  0.23  0.17  0.19  0.23  0.27  

Glutamic 0.89  1.54  1.87  1.13  1.25  1.75  2.23  

Glycine 0.26  0.38  0.43  0.33  0.36  0.44  0.53  

Proline 0.31  0.41  0.46  0.36  0.39  0.46  0.54  

Tyrosine 0.27  0.43  0.51  0.32  0.35  0.48  0.59  

Serine 0.25  0.39  0.46  0.31  0.35  0.46  0.56  

Total Non-essential 

a.a 
3.82  5.63  6.53  4.66  5.08  6.47  7.80  

*CS: The chemical score 

3.7. Physicochemical Analysis of Healthy Chips 

The data presented in table 8 revealed that bulk density 

ranged from 0.74 to 0.91 g/ml, the results also showed the 

significantly (P<0.05) highest bulk density was found in the 

sample E compared to the control sample. This may be due 

the high fiber content in the sample E (85% potato flour and 

15% green pea flour). These results are in accordance with 

those reported by Shadan et al., [48] The bulk density of 

products determined the volume of occupy in package 

materials, it also depends on the characteristics of the 

composition of the product, the particle size and the extent of 

its spread, and also other physiochemical properties [49]. 

Water absorption capacity plays an important role in the 

process of preparing food products, and has been found to 

affect the sensory and functional properties of the product. 

The absorption of water in the pulses flour helps maintain the 

soft texture of the resulting product because the pulses 

contain polysaccharides, in general absorption of water is 

affected by protein quality [50, 29]. The WAC value ranged 

from 1.70 to 1.94g/g. The significantly (P<0.05) highest 

WAC was found in the sample A (100% potato flour) and the 

lowest for the sample B (90% potato flour and 10% lupine 

flour). Chandra et al., [51] found that Potato flour was the 

highest value of water absorption capacity due to the high 

content of carbohydrates and fiber in a large amount of 

potato flour. The absorption of water has an important 

function of protein in the food products such as soup, dough 

and baked. Wani and Kumar [29] also observed that high 

water absorption capacity in dried green pea flour due to the 

high content of hydrophilic materials such as soluble fiber 

and low fat content. 

The Swelling capacity value ranged from 1.12 ml/g in the 

sample A to 1.95 ml /g in the sample G. Swelling capacity 

refers to how much water with sample in order to know the 

amount of flour needed to form a dough and depends on the 

composition of the sample and the different cooking methods 

of food and the size of particle, and its proportion varies in 

snacks based on potato flour snacks [51, 10]. The results 

obtain in the present study are in agreement with those 

reported by Kohajdová et al., [52] they observed that 

swelling capacity is high in pea flour, so it could be used in 

food that needs swelling such as extrusion. 

pH is important in estimating alkalinity and acidity of food 

where it determines microbial growth and damage to the 

product. A few of organisms able to grow at low pH. The pH 

value ranged from 5.44 to 5.89, also There were significant 

differences between every chips samples. These value are 

comparable to the value of 5.48 to 6.16 reported by Adedapo 

et al., [10]. 

Table 8. Physicochemical analysis of healthy chips. 

Properties 
Chips Products 

L.S.D 
A B C D E F G 

Bulk Density 0.74±0.01c 0.77±0.04bc 0.74±1.35c 0.89±0.00a 0.91±0.01a 0.71±0.01b 0.79±0.00b 0.04 

WAC 1.94±0.03a 1.70±0.03b 1.73±0.06b 1.81±0.14ab 1.85±0.06ab 1.71±0.03b 1.73±0.01b 0.15 

Swelling Capacity 1.12±0.03c 1.45±0.08bc 1.65±0.08ab 1.43±0.37bc 1.75±0.07ab 1.85±0.07a 1.95±0.07a 0.36 

pH 5.57±0.02d 5.50±0.02e 5.44±0.02f 5.76±0.02b 5.89±0.02a 5.72±0.02bc 5.68±0.02cd 0.05 

Values followed by the same letter in a row are not significantly different at p<0.05 

3.8. Bioactive Compounds of Healthy Chips 

3.8.1. Total Phenolic Content and Antioxidant Activity 

Total phenol and antioxidants activity are shown in table 9. 

The results revealed that sample G (70% potato flour and 

15% lupine flour and 15% green pea flour) significantly have 

the highest amounts of total phenolic content (1783.64 

mg/100g), while the lowest contents value was 790.84 
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mg/100g found in sample A. The high total phenolic content 

in chips from potato, lupine and green pea flour refer to their 

higher content of phytonutrients including phenolic and 

flavonoids which important for health and functional foods 

[35]. These values are higher than those reported by [36] they 

mentioned that total phenol content ranged between 100.10 

to 200.01 mg/100g in maize potato tortilla chips. As well 

Ettoumi and Chibane [53] reported that total phenolic content 

in green pea was 236 mg/100g. 

Antioxidant activity of the product chips ranged from 

82.78% to 97.16%, where the significantly highest activity 

was recorded in sample G while the significantly lowest was 

found in the sample A. these results confirmed the possibility 

of using green pea and lupine flour as a good antioxidant 

source. These results are more in accordance with those 

reported by Ettoumi and Chibane [53], Kaur and Aggarwal 

[36]. 

Table 9. Bioactive compound of healthy chips. 

Component 
Chips products 

A B C D E F G 

Total Phenolic 

content (mg/100g) 
790.84±87.98e 849.79±3.20ed 890.38±36.33d 1014.54±37.16c 1034.22±20.12c 1454.75±30.62b 1783.64±9.87a 

Antioxidant 

activity (%) 
82.78±2.19d 87.18±2.66c 88.57±2.19b 91.64±0.96cb 96.27±3.13a 96.76±2.33a 97.16±1.82a 

Values followed by the same letter in a row are not significantly different at p<0.05 

3.9. Sensory Evaluation 

Sensory attributes including color, taste, odor, texture, 

overall acceptability of the studies healthy chips for 

malnourished children are present in table 10. It could be 

observed that all the sample there no significant difference at 

(P<0.05) between all the sensory properties whether prepared 

from potato flour only or potatoes flour and lupine or 

potatoes flour and green pea, or potato flour, lupine and 

green pea. Generally, it can be noted that flour of potatoes, 

lupine and green pea can be used in the preparation of chips 

successfully and increased the overall acceptability of the 

healthy chips. These results agreed well with those reported 

by Kaur and Aggarwal [36]. 

Table 10. Sensory evaluation of healthy chips. 

Properties 
Chips products 

L.S.D 
A B C D E F G 

Color 8.70±0.94ab 8.30±0.93ab 8.30±1.16ab 8.50±0.70ab 8.90±0.74a 7.70±1.16b 7.60±1.35b 0.92 

Taste 8.00±1.45ab 7.70±1.04ab 8.30±0.95ab 8.50±1.08ab 8.80±0.63ab 7.40±1.43a 7.40±1.58b 1.16 

Odor 8.00±1.96a 8.30±1. 25a 8.20±1.47a 8.20±1.33a 8.40±0.97a 8.20±1. 03a 7.50±2.12a 1.29 

Texture 8.10±1.45a 7.80±1.37a 8.10±0.95a 8.20±1.22a 8.30±1.25a 7.40±1.43a 7.10±2.13a 1.28 

Overall acceptability 8.40±1.07a 8.40±1.25a 8.40±0.84a 8.50±0.97a 8.70±0.95a 7.70±1.34a 7.70±1.77a 1.08 

Values followed by the same letter in a row are not significantly different at p<0.05 

4. Conclusion 

The data in this study show the potential of exploiting each 

of potato, lupine and pea flour in snack food items such as 

chips and all the samples were well accepted by the panelists. 

And these chips are used to improve the nutritional status of 

malnourished children especially protein and energy. In 

addition, minerals such as (calcium, potassium, sodium, iron 

and zinc). Finally, potato, lupine and pea chips could be 

considered as one of the best types of healthy chips ready to 

eat for children and adults alike. 
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