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ABSTRACT 
 

The current study was performed to investigate the possibility of adding carotene natural sources (i.e. 
carrot, pumpkin, or sweet potato) to broken rice flour to enhance β-carotene content in extruded product.  Rice 
flour was substituted by three levels of carrot or pumpkin or sweet potato powder (10, 20 and 30%). 
Physicochemical characteristics, sensory properties, and scanning electron microscopy were carried out for the 
products. Results showed that raising the percentage of any addition carrot  ,pumpkin or sweet potato enhanced 
the content of β-carotene, the values of b* as a result of sweet potato addition were lesser than induced by carrot 
or pumpkin powder. The highest redness value was in 30% adding pumpkin sample and the lowest was in 10% 
sweet potato sample. L* values of extruded samples decreased as carrot, pumpkin, or sweet potato level were 
increased. Addition of either carrot or pumpkin at level of 10% lowered expansion ratio significantly than the 
control extruded sample (corn grits) or rice only. On the other hand, addition of sweet potato did not affect this 
parameter at the same level. The highest bulk density (BD) was in the samples contained 20% carrot followed 
by samples contained 20% pumpkin. Raising supplementation of sweet potato lowered the bulk density values 
to be 56.06 and 52.79 at level 20% and 30% sweet potato respectively instead of 60.23 at level 10%. While 
broken rice flour extruded sample had the highest value of water absorption index (WSI) and significantly 
different to all other samples. The data indicated also that the highest total scores acceptability was 81.79 of 
control sample which was not significantly different of 10 % sweet potato sample. The highest Fe content was 
49.95 followed by 47.80 and 45.75 ppm in pumpkin extruded samples contained 30%, 20% and 10%, 
respectively. 
 
Key words: Extruded products-Broken rice flour-Carrot-Pumpkin-Sweet-potato-Color-Physical properties- 
                   Sensory evaluation - β-carotene. 

 
Introduction 

 
Carotenoids, including β–carotene, have been thought to act as free antioxidants or free radical traps and 

thus may play an important role in cancer prevention. β–carotene is an important source of vitamin A and is 
found in a large variety of fruits and vegetables such as apricot, broccoli, beet greens, cantaloupe, carrots, 
grapefruit, pumpkin, spinach, squash and sweet potato (Woodall, et al. 1997 and Lee, et al. 2002), and naturally 
occurring colored compounds that are abundant as pigments in plants. Between 500 and 600 carotenoids, 
specific carotenoids have been identified, of which only about twenty-four commonly occur in human foodstuffs 
( Dutta, et al. 2005). 

Carrot (Daucus carota L.) contains 6.9 mg/100g to15.8 mg/100g carotenoids. Β-carotene, having high 
vitamin A activity constitutes 60% to 90% carrot carotenoids (Heinonen, 1990). Pumpkins  (Cucurbita moschat 
Duch. Ex. Pior) are extensively grown in tropical and subtropical countries. Pumpkins are traditionally 
consumed as freshly, boiled and steamed or as processed food items such as soup and curry. Pumpkin is high in 
β-carotene, which gives it yellow or orange color, It is also high in carbohydrates and minerals   (Pongjanta, et 
al. 2006).  Sweet potato (Ipomoea batatas (L.) Lam) is grown throughout the tropics and subtropics, and ranks 
sixth or seventh among the most important food crops worldwide (Scott, 1992). It is nutritious source of β–
carotene (pro-vitamin A), ascorbic acid (vitamin C), dietary fiber, complex carbohydrates and minerals (Picha, 
1986 and USDA, 1984a). It is low consumption may be increased with development of ready-to-serve products, 
(Collins, et al. 1995). 

Rice brokens are the by-product of rice milling industry and rice flour prepared out of rice broken can be 
used as important ingredient for many ready–to-eat breakfast cereals and snakes (Garg and Singh, 2007). 

Extrusion cooking is increasingly used for generating a wide rang of snake foods and breakfast cereals.  
Crisp extruded snacks are widely consumed convenience food products. They can be manufactured using a 

wide variety of processing techniques among which is extrusion cooking these snacks are dense in energy but 
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are nutritionally poor and it is possible to add functional quantities of beneficial nutrients to them (Shoar, et al. 
2010). Thus, extrusion cooking has been widely investigated to improve nutritional quality of extruded products 
(Stojceska, et al. 2009). 

Norfezah, et al (2011) revealed that ready-to-eat snack products are increasingly popular in countries with 
emerging economies, due to the increased number of working mothers and the conveniences and ease of 
preparation of these food. They added that, fibers and tocopherol, these phytochemicals have been shown to 
have a direct effect on the nutritional quality of food with high value nutrition. 

The current study aimed to produce a ready-to-eat and value added snack food by adding carotene natural 
sources (i.e. carrot, pumpkin, or sweet potato) to broken rice powder to enhance β-carotene content. 

 
Materials and Methods 

 
Materials: 

 
 Mature pumpkins, carrot, sweet potato and rice (broken rice) were purchased from local market. Authentic 

β-carotene (Fluka Ecno. 2306366 was used as standard). The yellow corn grits was obtained from Mass Food 
Company, 6th October City, Cairo, Egypt. 
 
Methods: 

 
1-Powder production: 

 
 Raw vegetables (carrot, pumpkin and sweet potato) washed, drained, peeled, cut into thin slides and soaked 

in 0.1% citric acid solution for 15 min and drained separately, the slides were transferred to a stainless steel tray 
and dried in oven at 65 ◦C for 8h. The dried slides were ground and sifted through an 80 mesh by a glass mortar. 

Broken rice was ground to get homogenous particles size by using a laboratory mill (Brabender Automat 
Mill Quandrumat Senior, Germany). 
 
-Sample formulation: 

 
Carrot, pumpkin or sweet potato powder was added to the  broken rice powder with different ratios as 

follows: 
 

Table 1: sources: 
Ingredient 1 2 3 4 5 6 7 8 9 10 11 
Corn grits 
control 

100  ---- ---- ---- ---- ---- ---- ---- ---- ---- ------ 
  

broken rice 
powder 

 
 ------ 

100 90 80 70 90 80 70 90 80 70 

Carrot ---- ----- 10 20 30 ---- ---- ---- ---- ---- ----- 
Pumpkin ---- ---- ---- ----  10 20 30 ---- ---- ---- 
Sweet potato ---- ---- ---- ---- ---- ---- ----  10 20 30 

    
A brabender laboratory Single-Screw extruded with feeding device AE 300, speed control of the feeding 

device, temperature regulations for 2 extruded zones and die barrel head was used to prepare the extrudates. The 
barrel was divided into independent electrically heated zones (feed and cooking zones) cooled by air. A third 
zone at the die barrel, also was electrically heated but cooled by water. The extrusion conditions were: 
temperature at cooking and die zones were adjusted together at 160 ºC and 180 ºC, respectively. But, feed zone 
temperature was adjusted at 100 ºC  for all treatments, screw speed 259 rpm; screw composition 4: 1 feeding 
screw speed 160 rpm and round die hole 3 mm. The resultant extrudates were allowed to reach room 
temperature. Expansion ratio and breaking strength measurements were just after collection the extrudates then 
sealed in plastic bags and stored at room temperature until analysis. 

 
3- Proximate chemical constituent: 

 
Ash, crude fiber and ether extract percentage were determined using the methods described in A.O.A.C. 

(1995). Nitrogen was determined using micro-Kjeldahel apparatus as mentioned in A.O.A.C. (1995). Protein 
calculated by multiplying N% by the factor 6.25 as used by Tripathi, et al. (1971). Samples from every 
treatment product were collected, dried at 50 ºC and ground in a stainless   steel mill. The digestion and minerals 
composition were determined according to A.O.A.C (1995) by wet ashing and using Atomic absorption 
spectrophotometer (Cottenie, et al. 1982). Water activity was determined according to the method described by 
A.OA.C. (2007). 
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4- Color: 
 
Color attributes; lightness (L*), redness (a*) and yellowness (b*) were evaluated using a Minolta Color 

Reader CR-10, Minolta Co. Ltd., Japan, according to Abd El-Hady et al. ( 2002). 
 

5- Functional properties of the extrudates: 
 
Expansion ratio (ER) was determined as the ratio of extruded product diameter and the diameter of the die 

hole. Values reported were means of ten measurements. The bulk density (BD) was determined as described by 
Moreyra and Peleg (1981) .Breaking strength (BS) of the produced products was measured using Barbender 
Struct-O-graph fitted with a 500-cmg spring and a plexi glass beam. The beam travel speed was 9 mm minute�-

1. The peak hight of the resultant recorded curves (as a Brabender unit, Bu) for each sample was taken as texture 
measure. Values were reported as means of ten measurements as described by Abd El-Hady, et al. (1998). The 
water absorption (WAI) and water solubility (WSI) indices were measured by method of Anderson, et al. 
(1969). 

 
6- Sensory evaluation: 

 
The sensory evaluation of the extrudates encluded seven properties; which constitute the overall 

acceptability and carnied out by stuff members for taste(20), crispeness(20), odor(15), chewiness(15), color(10), 
surface characteristics(10), pore distribution(10), the overall scores of tested attributes(out of 100) and grades 
were given according to the following scale: excellent(86 : 100), good (76: 85 ), fair (61:75 ) and poor (50:60 ) 
as described by Abu-Foul (1990).   

  
7- Electron microscopy: 

 
Scanning electron microscopy (SEM ) were obtained by mounted the speciments on aluminum stubs and 

the sides of the mounting block covered with a layer of conductive graphite adhesive The specimen sputter 
coated with gold (Si5oA-Sputtuer, Coater-Edwards-England, and examined under scanning electron microscope 
(Jeol-JXA. 640A Electron Probe Microanalyzer). (Jeol JSM -6100 Jeol ltd. Tokyo. Japan). An accelerating 
potential of 10 kv used during micrography. 

 
8- Statistical analysis: 

 
Statistical analyses were done using the computer MSTAD program. The differences significancy between 

means of treatments were evaluated using the methods described by Snedecor and Cochran (1990).      
 

Results And Discussion  
 

Physiochemical properties of used   ingredients: 
 
Proximate chemical composition of the ingredients: the chemical composition of the ingredients is shown in 

Table (2). The fat content of rice flour was more than  that of corn grits, corn grits had the highest content of 
moisture, pumpkin had the highest protein,  and ash  content. The lowest   ether extract  content was sweet 
potato followed by corn grits and carrot, no significant difference between protein content of rice flour and corn 
grits. b value of corn grits was more than four times of that of rice flour. Shoar, et al. (2010) revealed that the fat 
content of rice flour was about 6% of that of corn grits. The same Table cleared that the highest content of β-
carotene was in carrot 16.8 mg/100g sample followed by pumpkin and sweet potato which were 2.10 and 2 
mg/100g sample, respectively.  Rice powder contains  lower β carotene content 0.38 mg/100g than corn grits. 

Table (3) explain  minerals content of the three natural   carotene sources, it is clear that pumpkin had 64.95 
ppm Fe followed by 44.50 and 40.50 in sweet potato and carrot, respectively, also Cu had the same trend. Carrot 
and pumpkin had the same Ca %, sweet potato contained 1.64% P which was the highest value, but carrot had 
0.91% which was the lowest. 

 
Proximate chemical composition of extruded products: 

 
Proximate chemical composition of extruded products as affected by using different natural sources of 

carotene were  given in Table (4). Ash and fiber content of control sample were 1.54% and 0.16 %, respectively, 
and  both were significantly more than ash or fiber content of  broken rice sample which were 0.41 and 0.09%, 
respectively. 
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Raising ratio of carrot, pumpkin or sweet potato increased ash and fiber content of supplemented samples. 
The most ash and fiber% content were 3.03 and 3.52, respectively, in extruded sample contained 30% pumpkin. 
Also, the sample contained 30% sweet potato had the lesser moisture content generally. Moisture content of the 
extruded products varied between 6.09% and 8.63%. 

Non significant difference in protein % of ready-to eat rice only sample or samples contained 10, 20 or 30% 
carrot. Meanwhile, higher protein level were 22.45 and 22.33 in extruded sample fortified with 30% sweet 
potato followed by 30% pumpkin added sample and corn grits extruded sample and there was no significant 
difference between them. Concerning ether extract, the higher contents were 1.89% and 1.41% in corn and rice 
samples, respectively. The ether extract % of extruded samples fortified with 10%, 20% and 30% pumpkin were 
0.04, 0.49 and 0.53, respectively, however, there was no significant difference between the latest two samples. 

The extruded product samples contained any addition were higher β-carotene content than rice extruded 
sample., Raising the percentage of any addition carrot pumpkin or sweet potato enhanced the content of β-
carotene but the sample had 30% carrot contained the highest value of β-carotene (5.18 mg/100g sample). 
Pongjanta, et al. (2006) used pumpkin powder as an ingredient in bakery products and revealed that pumpkin 
powder significantly enhanced β- carotene in supplemented bakery products. Lee, et al. (2002) proved that 
higher amounts of pumpkin powder added to noodles could provide more β- carotene in this noodle products 
with improved color, cooking and sensory characteristics. 

 
Table 2: Physico-chemicals properties of used ingredients. 

Physico-chemicals Properties Carrot  Pumpkin Sweet potato Corn grits Rice 
powder 

Color (L*) 66.75 a 76.92 b 73.69 c 81.40b 85.54a 
          (a*) 19.57 a 8.38 b 9.59 bc 8.67bc 0.39d 
         (b*) 29.20 a 39.55 b 30.18 c 46.50a 11.07d 
Β-carotene (mg/100g sample) 16.80 a 2.10 c 2.00 d 3.78b 0.38e 
Moisture content (%) 9.17 d 11.39 c 8.49 e 12.11 a 11.77 b 
Protein (%) 9.64 c 14.54 a 14.48 b 6.75 d 6.74 d 
Ether extract (%) 1.08 c 1.44 b 0.11 e 0.14 d 2.33 a 
Ash (%) 6.98 b 9.48a 4.89 c 0.28 e 0.58 d 
Carbohydrate (%)* 66.70 d 56.60 e 69.63 c 79.47 a 77.53 b 
Fibers (%) 6.60 a 6.39 a 2.33 b 1.30 c  1.02 d 
       Water Activity     0.80 a 0.60 ab 0.50 b 0.60 ab 0.60 ab 

*Calculated by difference 
 

Table 3: Minerals status of used natural carotene sources 
 Macro nutrients (%) Macro nutrients ppm. 

Carotene sources N P K Ca Mg Fe Mn Zn Cu 
Carrot 1.40 0.91b 2.22b 0.12a 0.19b 40.50c Tr. 3.80a 0.35b 
Pumpkin 2.06 0.93b 4.25a 0.12a 0.95a 64.95a Tr. 8.25a 1.70a 
Sweet potato 1.12 1.64a 1.82c 0.01b 0.18b 44.50b Tr. 3.70b 1.60a 

Tr.: traces    
 
Table 4: Means of proximate composition of extruded products as affected by using different natural sources of carotene. 

Carotene 
sources 

Level Moisture Ash Fiber Protein Eth. extract Carboh-ydrate * β-Carotenoids 

Control 7.39 d 1.54cd 0.16i 22.33a 1.89a 66.69e 0.491i 
Broken rice powder 8.63a 0.41g 0.09j 20.18b 1.41b 69.28ab 0.174k 

Carrot 
10 8.28 ab 1.11e 0.8h 20.47b 0.34d 69.00b 0.244j 
20 7.18 df 1.43d 1.56d 20.69b 0.04f 69.10b 0.713b 
30 7.19 df 1.44d 2.38b 20.37b 0.11f 68.51c 5.180a 

pumpkin 
10 7.49 cd 1.23e 0.95g 20.97ab 0.04f 69.32a 0.737g 
20 6.90 f 2.13b 1.69c 21.63ab 0.49c 67.16d 1.522d 
30 6.88 f 3.03a 3.52a 22.33a 0.53c 63.71f 1.604c 

Sweet 
potato 

10 7.86 bc 0.83f 1.33e 21.38b 0.19e 68.41c 0.688h 
20 7.44 cd 1.17e 0.73h 21.09ab 0.29e 69.28ab 0.867f 
30 6.09 df 1.66c 1.18f 22.45a 0.34d 68.28c 0.917e 

*Calculated by difference 
 *Values with different letters are significantly different (p ≤5.05) 

 
Water activity: 

 
 Data presented in Table (2) pointed out that the highest water activity was shown in carrot, however, the 

lowest was observed in sweet potato flour.  
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Color: 
 
Color parameters changed with all enrichment. Color of ready to eat product with different levels of carrot, 

pumpkin and sweet potato powder were shown in Table (5).  
The b*value correlated with the β carotene content, the average b* values of control sample (corn grits) was 

more than two folds of b* values of (broken rice p0wder) sample, all prepared samples had b*values more than 
the only rice extruded product sample, the values of b* as a result of addition of sweet potato were lesser than 
induced by carrot or pumpkin, also b* value of extruded sample containing  20% carrot equal to b* value of 
control  sample. Data presented in the same Table revealed that substitution of pumpkin, carrot or sweet potato 
powder increased the a* color value in the product. Moreover, the highest redness (a*) value was in 30% adding 
pumpkin sample and the lowest was in 10% sweet potato sample. In this regard, Lee, et al. (2002), found that 
colorometer b* value with 10% added pumpkin powder was highest among the noodle samples, and this sample 
exhibited redness in noodle color. Pongianta, et al. (2006) used pumpkin powder as an ingredient in bakery 
products and found that the average of b* values of all pumpkin powder substituted samples were higher than of 
control. Nevertheless, the L* values were decreased by the different percentages of any of the three additions. 

 
Table 5: Color parameters and water activity of extruded products as affected by using different natural carotene sources . 

Carotene sources Level a* L* b* AW 
Control 3.78 i 80..21 b 31.09c 0.57c 
Broken rice powder 1.33 j 85.14a 13.64 h o.62a 

Carrot 
10 7.74 g 73.27c 28.67 f 0.61ab 
20 10.16 d 66.92 f 31.40 c 0.60b 
30 11.50 b 62.56 h 32.39 b 0.60b 

Pumpkin 
10 8.42 f 71.74 d 30.51d 0.60b 
20 11.08 c 65.83 g 33.80 a 0.60b 
30 12.40 a 61.64 i 34.23 a 0.60b 

Sweet potato 
10 7.27 h 73.58 c 27.15 g 0.60b 
20 8.52 f 71.35 d 29.23 e 0.60b 
30 9.72 e 68.44 e 31.38 c 0.62a 

Values with different letters are significantly different (p ≤5.05) 

 
Lee, et al. (2003)a demonstrated that addition of carrot powder to the dough resulted a decrease in L* value, 

and increase in a* and b* values. They added that the more the carrot powder in the dough was the lower the L* 
and the higher the a* value of the fried dough. Moreover, Norfezah, et al. (2011) found that extruded snack 
products made from pumpkin fractions, with the exception of peel, were increase product color (a and b aspects 
of the color intensity). This is likely to be due to the Maillard reaction and the destruction of heat-sensitive 
pigments and this observation is in harmony to our Data and also the results of Altan, et al. (2008) and Que, et 
al. (2008). 

. .  
Physical characteristics: 

 
Physical properties of extruded samples containing 3 levels of carrot or pumpkin or sweet potato were 

illustrated in Table (6). Expansion is an important physical attribute for the extruded snacks that greatly affects 
consumer acceptability. 

 
Table 6: Physical properties of extruded products as affected by using  different natural sources of carotene 

Carotene 
sources 

Level ER 
Moist. 
% 

BD 
(g/100 
cm3) 

BS(BU) WSI (%) WAI(g/g) 

Control  3.35a 9.73a 35.31g 220ab 23.96b 9.24a 
Broken rice powder 3.37a 9.57ab 59.12b 235a 26.68a 8.39b 
Carrot 10 2.89bc 8.67c 56.98d 208b 18.75d 8.25b 

20 2.52d 8.23c 64.73a 143cd 17.62de 7.50c 
30 1.57f 8.43c 48.15f 20f 15.37f 7.29c 

Pumpkin 10 2.99b 9.17b 56.71d 205b 18.47d 8.48b 
20 2.20e 8.63c 60.69b 83e 17.81de 7.18c 
30 1.53f 8.60c 57.07cd 38f 16.33e 6.49d 

Sweet potato 10 3.38a 9,33ab 60.23bc 217ab 23.52b 9.45a 
20 2.80c 9.20b 56.06d 151c 21.11c 8.63b 
30 2.24e 8.60c 52.79e 123d 20.58c 8.54b 

Values with different letters are significantly different (p≤5.05) 

 
Addition of either carrot or pumpkin at level of 10% lowered expansion ratio significantly than the two 

extruded samples, rice or corn grits only. On the other hand, addition of sweet potato did not affect this 
parameter at the same level but it seemed equal to the control and rice powder samples. The extruded product 
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contained 10% sweet potato had expansion ratio 3.38 which was similar to that of the control and rice only 
samples, meanwhile, raising the ratio of this supplement to 20% and 30% in blends lowered this value by 17.16 
and 33.37 to be 2.80 and 2.24, respectively .Addition of carrot or pumpkin at level 10% showed slight 
difference, while raising both of the two addition carrot or pumpkin (30%) lowered this value to be 1.57 and 
1.53, respectively. 

The highest bulk density (BD) was in the samples contained 20% carrot powder followed by samples 
contained 20% pumpkin. Raising supplementation of sweet potato lower the bulk density value to be 56.06 and 
52.79, respectively, at level 20% and 30% instead of 60.23 at level 10%.  

The lowest BD was in corn grits ready to eat extruded samples followed by sample containing 30% carrot 
and 30% sweet potato sample.  

Raising the supplementation of both carrot or pumpkin or sweet potato reduce the break strength sharply. 
Addition of 20% and 30% sweet potato lowered this parameter but its values still more than that of the two other 
additions (carrot or pumpkin).  

 Using 30% carrot lowered the BS from 208 at level 10% to be 20 only.  The bulk strength of the extruded 
sample contained 10% pumpkin was 205 while it was 38 at level 30% pumpkin.  

Water solubility index (WSI) of 10% sweet potato extruded sample seemed to be equal to corn grits sample 
(control) but it still less than WSI of rice extruded sample. Samples contained 30% sweet potato had WSI less 
than 20% sweet potato sample but not significantly differ and it was less significantly than WSI of 10% 
extruded sample. Generally increasing the ratio of any addition reduced this parameter significantly except the 
samples containing 20% or 30% sweet potato. 

 The same Table cleared the effect of the any replacement on water absorbance index (WAI) which also 
depressed by increasing all the additions ,WAI of  rice extruded sample was 8.39 which seemed equal to 10% 
carrot  or 10% pumpkin and 20% or 30%  containing sweet ready to eat samples which were 8.25, 8.48, 8.63 
and 8.54, respectively, while corn grits extruded sample had the highest value of WAI and significantly different 
to all other samples except the sample had 10% sweet potato which it was equal to this sample. However, 30% 
pumpkin ready to eat sample had the lowest one which was 6.49. 

 Shoar, et al. (2010) revealed that adding tomato derivatives to traditional starchy extruded snakes reduced 
the expansion values of up to 25% compared to the control, also reported that, rice flour produced the most 
expanded products due to the higher starch and lower fiber and fat content compared to corn grits and wheat 
semolina, also demonstrated that raw materials such as rice, wheat, and corn produced snakes with different 
physical chemical characteristics. This is related to the variation in the chemical composition. Stojceska, et al. 
(2009) pointed out that used four formulations based on wheat flour and corn starch with the addition of 10% 
brewers spent grain and red cabbage trimming reducing the flour and starch to produce extruded products. They 
detected that WSI gave a significantly higher value in samples containing corn starch. This finding was reported 
also by Mezreb, et al. (2003).  

 
Mineral status of the products: 

 
 Mineral status of ready–to-eat supplemented product presented in Table (7). It is clear from these Data that 

Ca concentration had a positive response to increase the ratio of supplementation of carrot, pumpkin or sweet 
potato but slightly responded to the sweet potato ratios, in spite of, the addition of carrot or pumpkin gave the 
same Ca%. Moreover, the supplementation by different carotene sources caused continuous improving in the 
percentage of P in the product and the highest increment was by adding  carrot followed by sweet potato and 
pumpkin supplementation. The highest P% was in 30% substituted carrot sample followed by30% sweet potato 
containing sample. 
 
Table 7: Minerals status of extruded products as affected by using different  natural sources of carotene 

Carotene 
sources 

Level Macro nutrients (%)  Micro nutrients (ppm) 
N P K Ca Mg Fe Mn Zn Cu 

Control    3.48a 0.01g 0.15g Tr.b 0.042e 33.00j Tr. 16.30g 4.00a 
Broken rice powder  3.13b 0.01g 0.02h Tr.b 0.052de 43.50f Tr. 25.75a 1.80cd 
 
Carrot 
 

10 2.98d 0.18f 0.23ef 0.012ab 0.066de 43.25g Tr. 24.01d 1.66de 
20 2.83f 0.38c 0.41d 0.023ab 0.085cd 42.80h Tr. 22.12e 1.51ef 
30 2.69i 0.57a 0.68c 0.035a 0.104c 42.45i Tr. 20.52f 1.37f 

 
Pumpkin 
 

10 3.02c 0.18f 0.44d .012ab 0.494b 45.75c Tr. 24.01d 1.96c 
20 2.92e 0.19f 0.86b 0.024ab 0.520ab 47.80b Tr. 22.11e 1.78cd 
30 2.81g 0.29e 1.28a 0.036a 0.546a 49.95a Tr. 20.51f 1.77cd 

 
Sweet potato 

10 2.93e 0.17f 0.20fg 0.001b 0.065de 43.60ef Tr. 24.01d 1.79cd 
20 2.73h 0.34d 0.29e 0.002b 0.082cd 43.70e Tr. 24.84c 1.95c 
30 2.53j 0.50b 0.46d 0.003b 0.101c 44.60d Tr. 25.67b 3.03b 

Tr. : traces 

 



4070 
J. Appl. Sci. Res., 8(8): 4064-4073, 2012 
 

 

 Data explained that Fe ppm of rice sample was more than Fe ppm of corn control sample. Addition of 10% 
carrot to rice in the ready to-eat-product reduced Fe ppm to be 43.25 instead of 43.50. The supplementation with 
20% and 30% lowered this value to be 42.80 and 42.45 ppm Fe but it still more than the control sample. 
However, the Fe ppm raised from 43.60 to  be 44.60 in the samples contained 10% and 30% sweet potato, 
respectively. The highest Fe concentration was 49.95 ppm followed by 47.80 and 45.75 ppm in pumpkin 
extruded samples contains 30%, 20% and 10%, respectively.   

 
Sensory evaluation: 

 
The mean scores of different sensory parameters of carrot, pumpkin and sweet potato powder substituted 

extruded samples were presented in Table (8). Odor of all samples were not significantly different (p > 0.05) in 
comparable to the control or rice only samples. Taste of 10%, 20% and 30% carrot samples were not 
significantly different compare to the rice only sample as well as samples containing 10% pumpkin or samples 
containing 10%, 20% and 30% sweet potato.  The highest taste value was 16.67 in control sample while sample 
contained 30% pumpkin had the lowest taste value 12.13.  

The lowest values of crispness, chewiness, color, surface characteristics, pore distribution and total scores 
were: 13.80, 10.13, 5.73, 5.60, 6.13 and 65,00 were in the sample contained 30% pumpkin powder extruded 
product, respectively. However, the sample contains 10% carrot was the superior in crispness value. while, 
raising ratio of carrot powder depressed this value (crispness) to be 16.20 and 15.53 in the sample contained 
20% or 30% carrot, respectively.  Meanwhile, crispness of only rice sample seemed equal to both samples 
contained 30% carrot or 20% pumpkin. On reverse, the crispness of extruded corn grits sample was 16.20 which 
no significant different from the contained samples 10% and 20% carrot or 10% pumpkin and the three samples 
contained sweet potato. 

Substituting of rice powder with 30% pumpkin powder in the extruded product had the lower chewiness 
which significantly different from all other samples, while, control sample had 12.67 which was the highest 
chewiness and significant different from the other ready to eat samples. 

The same Table showed the total score response to the addition of different carotene sources. This data 
indicated that the control sample surpassed (81.79) the other samples in total score followed by that of 10% 
sweet potato and 10% carrot sample which had 80.72 and 79.71, respectively. On contrary, the lowest total 
score was 65.00 in 30% pumpkin followed by 30% carrot and 20% pumpkin samples which were 70.21 and 
71.43, respectively, grade fair. 

Lee, et al. (2002) noticed that noodle appearance, flavor, taste, texture, and overall acceptability of the 
noodles with 5% added pumpkin powder  had higher scores than those contained  0, 2.5, and 10% samples. 

Furthermore, Pongjanta, et al. (2006) found that substitution of a portion of wheat flour with pumpkin 
powder in sandwich bread, sweet bread, and cookies were acceptable at 10% level and 20% in butter cakes and 
chiffon cake. Further increase in the substitution level would affect color, volume and overall acceptability of 
the products. Thus, for sandwich bread, sweet bread and cookies 10% pumpkin powder substitution in the 
formulation was optimum, while 20% substitution in butter cake and chiffon cake was acceptable.  

 
Scanning electron microscopy:  

 
Scanning electron micrographs are shown in pictures 1-8. concerning the number of air cells in the extruded 

samples with  10% replacement,  could be arranged  in descending order as follows: pumpkin >sweet potato > 
carrot but in the extruded samples contained 30% replacement  it can illustrated as follows; pumpkin > carrot > 
sweet potato. From the point of view  of air cells size and homogeneity, extruded samples of 30%  carrot 
powder was more homogenate  than the extruded samples contained 30% sweet potato. Pictures also showed 
that extruded product contained 10% carrot had air cells larger than samples contained 10% sweet potato flour 
and the lowest were shown in samples had 10 % pumpkin flour. In addition, it could be noticed that the air cells 
were the largest in the extruded samples of corn grits and rice flour only. Concerning the rice and corn extruded 
samples, it was shown that the samples contained 30 % pumpkin better than that contained 10% because its 
contains more bores and lesser in size. Similar response was detected between 30% and that contained 10% 
sweet potato. It could be concluded that all addition treatments led to more bores with small size.          

   Fuke, et al. (1985); El-Faham, et al. (2010) and El-Faham (2005) studied the effect of supplementation of 
protein sources on the electronic microscopy of some extrudate products. Bhattacharya, et al. (1986) using plant 
protein additives, revealed that an increase in shear rate gave more hollows product while a low shear rate 
yielded a denser product. However, with popped cereal snacks, Lee, et al. (2003)b showed increases in size and 
the number of air cells and this intern signify that popping degree of the snack was high. 
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Table 8: Sensory properties of extruded products as affected by using different natural sources of carotene 

Carotene 
sources 

Level 
Taste 
( 20) 

Crispen-
ess (20) 

Odor (15) 
Chewiness 
(15) 

Color 
(10) 

Surface 
character-
ristics 
(10) 

Pores 
distribution 
(10) 
 

Total score 
(100) 

Control  16.67 a 16.20 a 12.33 a 12.67 a 8.20 a 7.93 a 8.13 a 81.79a 

Broken rice powder 14.60 ab 15.47 ab 11.40 a 11.60 ab 7.07 a 7.87 a 9.33 abc 73.79abcd 

Carrot 
10 15.60 ab 17.00 a 12.13 a 12.13 ab 8.00 a 8.07 a 8.07 ab 79.71ab 
20 14.93ab 16.20 a 11.80 a 12.00 ab 7.20 a 7.40 ab 7.67 abcd 77.07abc 
30 14.33 ab 15.53 ab 11.87 a 11.47 ab 6.13 ab 6.33 cd 6.87 de 70.21cd 

Pumpkin 
10 15.47 ab 16.87 a 11.93 a 12.00 ab 7.87 a 7.33 ab 7.40 abcd 78.07abc 
20 14.00 bc 14.93 ab 11.07 a 10.80 bc 6.87 ab 6.53 bc 7.07 de 71.43bcd 
30 12.13 c 13.80 b 10.67 a 10.13 c 5.73 b 5.60 d 6.13 e 65.00d 

Sweet 
potato 

10 15.47 ab 16.07 a 12.20 a 11.60 ab 7.93 a 7.53 ab 7.33 abcd 80.72a 
20 15.73 ab 16.47 a 12.00 a 11.60 ab 7.33 ab 7.27 ab 7.13 bcd 78.93abc 
30 14.53 ab 16.67 a 11.80 a 11.60 ab 6.87 ab 6.80 bc 7.07 cde 74.71abc 

Values with different letters are significantly different (p≤5.05) 
 

Scanning electron microscopy:  
 
Scanning electron micrographs are shown in pictures 1-8. concerning the number of air cells in the extruded 

samples with  10% replacement,  could be arranged  in descending order as follows: pumpkin >sweet potato > 
carrot but in the extruded samples contained 30% replacement  it can illustrated as follows; pumpkin > carrot > 
sweet potato. From the point of view  of air cells size and homogeneity, extruded samples of 30%  carrot 
powder was more homogenate  than the extruded samples contained 30% sweet potato. Pictures also showed 
that extruded product contained 10% carrot had air cells larger than samples contained 10% sweet potato flour 
and the lowest were shown in samples had 10 % pumpkin flour. In addition, it could be noticed that the air cells 
were the largest in the extruded samples of corn grits and rice flour only. Concerning the rice and corn extruded 
samples, it was shown that the samples contained 30 % pumpkin better than that contained 10% because its 
contains more bores and lesser in size. Similar response was detected between 30% and that contained 10% 
sweet potato. It could be concluded that all addition treatments led to more bores with small size.          

Fuke, et al. (1985); El-Faham, et al. (2010) and El-Faham (2005) studied the effect of supplementation of 
protein sources on the electronic microscopy of some extrudate products. Bahattacharya, et al. (1986) using 
plant protein additives, revealed that an increase in shear rate gave more hollows product while a low shear rate 
yielded a denser product. However, with popped cereal snacks, Lee, et al. (2003)b showed increases in size and 
the number of air cells and this intern signify that popping degree of the snack was high. 

 

             
                           10% pumpkin                    10% sweet potato             10% carrot 

         
                          30% pumpkin                   30% carrot                        30% sweet potato 
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