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ABSTRACT ARTICLE INFO  

In this research, extrusion technology was used to produce high-

fiber snacks made from fresh cauliflower, corn starch, and corn flour. 

For this purpose, a central composite design  and the response surface 

method (RSM) effects of various factors, including screw speed (120 

to 180 rpm), cauliflower percentage (15%, 20%, 25%), and their 

impact on macrostructural, functional and color characteristics, such 

as expansion ratio, porosity, water solubility, water absorption index, 

and color changes of the snacks were investigated.  The results 

demonstrated increasing the percentage of cauliflower increased the 

water absorption index (P<0.05) and whiteness index (P<0.0001)  and 

also decreased the expansion ratio (P<0.0001)  and porosity 

(P<0.0001)  of the snack. It had no significant effect on the water 

solubility index. Increasing the screw speed led to an increase in the 

expansion ratio (P<0.0001), porosity (P<0.0001), solubility index in 

water(P<0.0001), and decreased whiteness index(P<0.0001)  and 

water absorption index (P<0.05). The optimal sample was obtained 

by considering the maximum amount of cauliflower, the maximum 

water absorption index and the expansion ratio equivalent to the 

amount of cauliflower of 25% and the screw speed of 180 revolutions 

per minute with a desirability of 0.81  And after performing the test on 

the predicted values of the software, the non-significance of the 

average difference between the actual sample analysis results and the 

predicted sample values was observed, and The observations of the 

study indicate the promising potential of extruded snacks for 

enrichment purposes.   
 

 

Article History: 
Received:2023/10/9 

Accepted:22023/12/28 

 

Keywords: 

 

snack, 

porosity, 

water solubility index, 

water absorption index, 

color 

 

 

DOI: 10.22034/FSCT.21.157.1. 

 
*Corresponding Author E-   
e.milani@jdm.ac.ir 

 

                  Journal of Food Science and Technology (Iran) 
 

Homepage:www.fsct.modares.ir 
 

Scientific  Research 

 [
 D

O
I:

 1
0.

22
03

4/
FS

C
T

.2
1.

15
7.

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 f

sc
t.m

od
ar

es
.a

c.
ir

 o
n 

20
25

-0
1-

09
 ]

 

                             1 / 14

mailto:e.milani@jdm.ac.ir
http://dx.doi.org/10.22034/FSCT.21.157.1
https://fsct.modares.ac.ir/article-7-61126-en.html


Niki zarghani et al                                                               Evaluation of macrostructural, functional … 

 

2 

 
1- Introduction 
In today's world, changes in lifestyle and 

dietary patterns have led to a more prominent 

role of snacks in consumers' diets [1]. Snack 

consumption has become a part of children's 

daily lives [2]. Snacks come in various forms, 

including fresh foods, packaged foods, and 

processed products. Some common snacks 

include biscuits, cakes, sandwiches, ready-

made salads, vegetables and fruits, nuts and 

seeds, popcorn, various chips, and extruded 

products [3, 4]. Although ready-to-eat snacks 

are often high-calorie food products with low 

nutritional value [5], fresh and unprocessed 

fruits and vegetables can be used to improve 

nutritional balance, as they are the richest 

sources of bioactive components and health-

promoting substances [6]. Nutrition is a matter 

of both quantity and quality, and vegetables in 

all their forms ensure adequate intake of most 

vitamins and nutrients, dietary fibers, and 

phytochemicals that can help address many 

nutritional issues [7]. Among the numerous 

studies conducted on plants, significant 

attention has been focused on the health-

promoting compounds of the Brassica family 

due to their bioactive compounds and high fiber 

content, which play a special role in preventing 

diseases [8]. Cauliflower, scientifically known 

as *Brassica oleracea var. Botrytis*, is the most 

popular member of the Brassica family and is 

widely grown in India. The edible part of 

cauliflower is its flower head [9], and it is an 

excellent source of protein (16.1%), cellulose 

(16%), and hemicellulose (8%) [10]. It is 

considered a rich source of dietary fiber and 

possesses antioxidant and anti-cancer 

properties [11]. The extrusion process is used to 

produce expanded products, which constitute a 

significant portion of snacks [12]. Extrusion 

cooking technology is applied in the 

development of ready-to-eat products from 

cereal flours, tubers, and legumes, such as 

breakfast cereals, puffed snacks, and instant 

powders [13]. Due to shear stress, pressure, and 

heat during extrusion cooking, gelatinization 

and depolymerization of starch molecules 

occur, along with the breakdown of lateral 

branches in fibers, significantly enhancing the 

digestibility of proteins, starches, and their 

soluble fiber fractions [14]. Lotfi Shirazi et al. 

(2020) examined the characteristics of snacks 

based on barley flour and carrot pomace. With 

an increase in carrot pomace, the expansion 

ratio, lightness, water absorption index, and 

overall acceptability decreased. Meanwhile, 

with increased moisture, the expansion ratio 

and water solubility index decreased while 

lightness and water absorption index increased 

[15]. Additionally, research by Lisika et al. 

(2021) on the effect of adding fresh green onion 

or leek pomace on the selected properties of 

potato-based pellets and puffed snacks showed 

that adding leek or onion pomace significantly 

affected the color determinants of pellets and 

fried snacks, apparent density, and water 

absorption of the pellets. Furthermore, the 

speed of the twist significantly impacted water 

absorption and solubility in water, as well as 

coordinates L* and b* regarding onion puffs 

[16]. Milani et al. (2020) examined the 

possibility of reusing by-products from 

processing industries (coffee grounds and 

wheat bran) to produce fibrous solid foam using 

extrusion technology. The results showed that 

the final moisture content of the product and the 

water activity of the produced fibrous foam 

increased with the interactive increase in the 

levels of adding coffee grounds and rice bran 

and the initial moisture content. With the 

increase in the levels of coffee grounds, the 

texture hardness increased due to the rise in 

insoluble fiber, and the expansion ratio of the 

solid foam significantly decreased. 

Simultaneously, with a reduction in feed 

moisture and an increase in screw speed, texture 

hardness decreased while the expansion ratio 

significantly increased [17]. The aim of the 

recent study was to investigate the effect of 

formulation variables, including the percentage 

of fresh cauliflower and screw speed of the 

extruder, on the characteristics of snacks made 

from fresh cauliflower, corn starch, and corn 

flour. Additionally, due to the addition of fresh 

cauliflower and the elimination of drying stages 

for cauliflower, along with the reintroduction of 

water during the extrusion process, there was a 

significant reduction in water and energy 

consumption throughout the process, leading to 

a decrease in the final product cost. 

2- Material and methods 

2-1- Preparation of raw materials 

The corn flour, corn starch, maltodextrin (DE= 

19) and fresh cauliflower were purchased from 
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the local market in Mashhad. Then the 

cauliflowers were manually cut into smaller 

pieces, washed and completely drained at room 

temperature. Then, they were ground using the 

industrial mill of Toos Khorasan, in such a way 

that for each batch, the cauliflower was first 

mixed with maltodextrin in a blender. After 

that, corn starch was added, and finally, corn 

flour was incorporated. The resulting mixture 

was sifted to ensure uniformity, and the flour 

samples were stored in polyethylene bags to 

prevent moisture exchange [18]. 

 

2-2- Extrusion cooking 

To produce the product, a co-rotating twin-

screw extruder Jinan Saxin (model 56DS, made 

in China   ( was used. Based on the pre-

treatments conducted, the optimal fixed 

conditions for the extrusion process were 

determined to be a feed rate of 40 kg per hour, 

a temperature of 140 degrees Celsius, and a die 

diameter of 3 mm. The moisture content of the 

feed entering the extruder was adjusted 

according to the levels of added cauliflower, 

which were 15% (20.51), 20% (22.9), and 25% 

(27.7). After exiting the extruder die, the 

samples were placed in an oven at a temperature 

ranging from 110 to 120 degrees Celsius for 10 

minutes to dry. Subsequently, the collected 

samples were stored in coded zip-lock bags to 

maintain moisture, aroma, and flavor until 

testing was performed. 

 

 

Table 1- Independent variables and their values 

+1 0 -1 Symbol Independent variables 

25 20 15 A Cauliflower (%) 

180 150 120 B Screw speed 

 

 Table 2- Chemical properties of the optimized sample before and after extrusion 

In each column, the means with the same letters were not significantly different from each other 

(P>0.05). 

 

2-3- Expansion Ratio 

Ten samples were randomly selected from each 

treatment, and the diameter of each sample was 

measured at five different locations using a 

digital caliper. To determine the average 

thickness of the product, the results were 

averaged. The expansion ratio is calculated by 

dividing the average diameter of the sample by 

the diameter of the extrusion die [19]. 

 

Expansion ratio =
Extrudate diameter

Die diameter
 

 

2-4- Porosity 

Porosity is defined as the volume of voids 

within the particles relative to their total 

volume. Porosity will be calculated using the 

following equation [20]: 

 

 Protein 

(%) 

Fat 

(%) 

Moisture 

(%) 

Crude fiber 

(%) 

Antioxidant  

activity 

(g/100g) 

     Total phenol  

     (mg/100g) 

Before 

extrusion 

3.55a 1.37a 28.7a 12.89a 5.17a      69.84a 

After 

extrusion 

3.93b 0.6b 10.03b 19.33b 7.18b     170.03b 
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porosity =
(bulk density − particle density)

particle density
× 100 

 

2-5- Water Absorption Index 

This index measures the amount of water 

absorbed by the granule or starch polymer after 

swelling. To determine this index, 2.5 grams of 

pre-weighed powder was first added to a Falcon 

tube, then 25 ml of distilled water was added 

and stirred at room temperature for 30 minutes 

at a speed of 2000 revolutions per minute. The 

resulting mixture was then centrifuged at 3000 

g for 15 minutes. Finally, the upper liquid was 

removed from the Falcon tube, and the 

remaining gel was weighed. The water 

absorption index was calculated using the 

following equation [19]: 

 

WAI =
Weight of wet sediment(g)

Weight of dried sample(g)
 

 

 

2-6- Water Solubility Index 

Initially, the upper liquid from the Falcon tube 

during the measurement of the water absorption 

index was transferred to a pre-weighed plate. 

Then, it was placed in a hot air oven at a 

temperature of 105 degrees Celsius. Finally, the 

plate, along with the existing residues, was 

weighed, and the solubility was calculated 

using the following equation [19]: 

 

WSI (%) =
Weight of dried supernatant (g)

Weight of dried sample (g)
× 100 

 

2-7- Color 

The color of the product produced was 

measured using a Hunter Lab device (Color 

Flex VA, Hunter Lab Reston, Made in U.S.A). 

Each powder sample was placed so that it 

completely covered the bottom of the device's 

container, and the values of L*, a*, and b* were 

determined. Here, L* indicates the brightness of 

the sample, varying from zero (black) to 100 

(white). Positive and negative values of a* 

represent redness and greenness, respectively, 

while positive and negative values of b* 

indicate yellowness and blueness. For each 

sample, three images were taken, and three 

sections from each image were analyzed. The 

whiteness index was determined using the 

following equation [21]: 

 

Whiteness index

=  100 − √(100 − L ∗ )2 + a ∗ 2 + 𝑏 ∗2 

 

2-8- Statistical analysis 

In this study, a central composite rotatable 

design and response surface methodology 

(RSM) with 2 factors and 3 levels were 

employed to investigate the effect of 

independent variables on the physical and 

functional properties of the intermediate 

product. The modeling of the results obtained 

from this research was conducted using Design 

Expert software version 7, and three-

dimensional curves were plotted to examine the 

relationship between the independent variables 

and the responses. 

 

3- Result and discussion 

3-1- The effect of formulation and process 

variables on expansion Ratio 

The expansion ratio indicates the volume 

formed by the molten material exiting the 

extruder [22]. The range of variation in the 

expansion ratio of the samples was from 2.609 

to 4.418. fitted linear model for this parameter 

is significant (P< 0.0001), and any lack of fit 

associated with the model was not significant. 

The calculated R² value was 0.96, and the 

significant terms included the percentage of 

cauliflower and the screw speed (P< 0.0001). 

The effect of extrusion variables on the 

expansion ratio is shown in the fig 1. 

Simultaneous increases in both the cauliflower 

ratio and screw speed resulted in a decrease in 

expansion ratio, which was due to a greater 

impact of the cauliflower ratio compared to the 

rotation speed. The highest expansion ratio was 

observed for the sample containing 15% 

(weight/weight) cauliflower at 180 (rpm), while 

 [
 D

O
I:

 1
0.

22
03

4/
FS

C
T

.2
1.

15
7.

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 f

sc
t.m

od
ar

es
.a

c.
ir

 o
n 

20
25

-0
1-

09
 ]

 

                             4 / 14

http://dx.doi.org/10.22034/FSCT.21.157.1
https://fsct.modares.ac.ir/article-7-61126-en.html


JFST No. 157, Vol. 21, March 2025                            Journal of Food Science and Technology (Iran) 

 
5 

the lowest expansion ratio was found for the 

sample containing 25% (weight/weight) 

cauliflower extruded at 120 (rpm). By 

increasing the amount of fresh cauliflower due 

to the increase in fiber and subsequently 

decreasing the share of starch, the amount of 

expansion decreased; The presence of fiber in 

the air cell walls reduces the potential of starch 

expansion and starch gelatinization, and as a 

result, it leads to a decrease in expansion [23]. 

The reason for the limited expansion of snack 

products combined with fresh vegetable paste 

can be the effect of the water content in 

vegetable pulps and also the reduction of starch 

content due to its replacement with fiber [24]. 

With an increase in fiber, the walls of air cells 

become loose and thin, rapidly disintegrating. 

This prevents the formation and expansion of 

air cells, resulting in a denser structure that 

causes a reduction in expansion [25]. In another 

theory, fiber limits water access for starch 

gelatinization, increases the viscosity of the 

molten material, and ultimately reduces the 

expansion ratio of the final product [26]. The 

moisture content of the input feed is one of the 

main factors affecting the expansion ratio [27]. 

An increase in cauliflower through increased 

moisture reduces the temperature in the 

chamber, which leads to a decrease in starch 

gelatinization and ultimately results in a 

reduced expansion ratio of the extruded product 

[28]. A similar relationship was observed for 

extruded corn products with the addition of 

dried tomatoes, which was attributed to a 

reduction in starch content and resulted in a 

decrease in the expansion ratio [29]. In another 

study, the addition of carrot pomace up to 25% 

and an increase in the moisture content of the 

input feed reduced the final product's 

expansion. In all samples, an increase in screw 

speed led to an increase in the expansion ratio. 

Hagenimana et al. (2006) found that increasing 

the screw speed, along with an increase in 

temperature and shear force due to more energy 

entering the materials inside the extruder 

chamber, reduced the viscosity of the molten 

dough and increased moisture evaporation at 

the die exit, thereby increasing the expansion 

ratio [30]. Similarly, Seker (2005) also found 

that an increase in screw speed consistently 

raised the expansion ratio [31]. 

 

 

 

Fig 1 Response surface diagram for the effect of the variables of cauliflower percentage and screw 

speed on the expansion ratio (ER).

 

3-2- The effect of formulation and process 

variables on porosity 

Trapped air within the dough creates pores in 

the extruded material. Several factors 

contribute to the formation of cavities of 

various sizes in the products. The reason for the 

formation of a porous and spongy structure in 

these products is the sudden release of steam 
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from within the dough. The differing functional 

properties of the dough, the composition of the 

input feed, and process variables determine the 

size and number of pores [32]. Nucleation is the 

first stage of expansion. Soluble fibers, with 

their increased volume, and insoluble fibers, 

due to their hydrophobic properties, are 

nucleating agents [33]. The range of porosity in 

the samples varied from 0.635 to 0.8278. fitted 

linear model for this parameter was significant 

(P< 0.0001), and any lack of fit associated with 

the model was not significant. The calculated 

R² value was 0.91, and the effects of cauliflower 

ratio and screw speed on porosity were 

significant (P< 0.0001). At constant screw 

speeds, an increase in cauliflower content led to 

a decrease in porosity. As the amount of 

cauliflower increased, so did the water and fiber 

content in the system, while the starch 

proportion decreased. The presence of fiber 

caused the walls of gas bubbles to collapse, 

resulting in reduced expansion and porosity. 

Basharat et al. (2013) also reported that the 

reason for reduced porosity in corn-based snack 

products with olive paste from oil extraction 

was due to added fiber in the formulation [23]. 

Research by Sun et al. (2002) on extruded 

products containing defatted soybean pulp 

showed that an increase in fiber content led to a 

reduction in air cell size while simultaneously 

increasing the number of pores in air cells, 

resulting in tissue densification and decreased 

porosity [34]. Lotfi Shirazi et al. (2020) 

observed that increasing carrot pomace from 

15% to 25% led to a reduction in porosity due 

to the high fiber content in carrot pomace [15]. 

Increasing the moisture content of the input 

feed by adding fresh cauliflower leads to a 

reduction in the temperature of the chamber. A 

lower processing temperature results in 

decreased starch gelatinization, which 

ultimately causes a reduction in porosity and 

expansion of the extruded product [28]. On the 

other hand, with increased moisture content in 

the input feed, the likelihood of particles 

coming closer together and adhering increases, 

resulting in the filling of empty spaces between 

them and consequently reducing porosity [35]. 

In all samples, an increase in screw speed 

significantly increased porosity. The effect of 

screw speed on porosity can be attributed to the 

shear stress applied to the extruded materials 

during extrusion [36]. Excessive shear stress 

can lead to over-degradation and dextrinization 

of starch, reducing its ability to swell and 

gelatinize. It is claimed that the starch center is 

one of the primary nucleation sites for bubble 

formation. If starch is damaged, it cannot 

absorb water, thereby diminishing its ability to 

carry steam and initiate nucleation [37]. 

Additionally, Basharat et al. (2013) reported 

that increasing screw speed raises the absolute 

pressure generated within the chamber. When 

the molten dough exits the extruder die, a 

sudden drop in pressure causes increased 

moisture evaporation at the die exit, leading to 

greater expansion and increased porosity [23]. 

Hagenimana et al. (2006) found that increasing 

screw speed, along with an increase in 

temperature and shear force due to more energy 

entering the materials inside the extruder 

chamber, reduced the viscosity of the molten 

dough and increased moisture evaporation at 

the die exit, resulting in greater expansion and 

increased porosity [30]. 
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Fig 2 Response surface diagram for the effect of the variables of cauliflower percentage and screw 

speed on the porosity 

 

 

3-3- The effect of formulation and process 

variables on water absorption Index 

The Water Absorption Index (WAI) indicates 

the amount of water retained by starch after 

swelling [38]. The fitted second-degree model 

was significant (P< 0.05), and any lack of fit 

associated with the model was not significant. 

The R² value and standard deviation were 

obtained as 0.92 and 1.96, respectively. The 

regression coefficients for the linear effects of 

cauliflower ratio and screw speed, as well as the 

second-degree effect of cauliflower ratio on 

WAI, were significant (P< 0.05). The water 

absorption index for the samples ranged from 

5.36 to 6.47. The highest water absorption was 

observed for the sample containing 25% 

(weight/weight) cauliflower at 150 (rpm), while 

the lowest water absorption was seen for the 

sample containing 15% (weight/weight) 

cauliflower extruded at 180 (rpm). Water 

absorption significantly increased (P< 0.05) 

with an increase in the percentage of 

cauliflower and significantly decreased (P< 

0.05) with an increase in screw speed, which is 

consistent with the findings of Hang et al. 

(2014) [39]. As the percentage of cauliflower in 

the feed composition increased, the fiber 

content of the samples also increased, and the 

water-absorbing properties of fiber [40] could 

significantly influence the increase in WAI for 

samples with higher percentages of cauliflower. 

Additionally, as the ratio of fresh cauliflower 

increased, moisture content also rose, leading to 

a significant increase in WAI for the final 

product. Water acts as a plasticizer during 

extrusion cooking and reduces the degradation 

of starch granules in the dough, thereby 

increasing water absorption capacity by starch 

and WAI [30, 41]. Kaisangsri et al. (2016) 

investigated the effects of adding carrot pomace 

on the quality of extruded corn products. Their 

observations indicated that adding carrot 

pomace increased the water absorption index, 

attributing this to the presence of hydroxyl 

groups in the structure of carrot pomace. Since 

there are also many hydroxyl groups present in 

cauliflower structure [42], it can be inferred that 

increased water absorption with higher 

percentages of cauliflower is related to these 

hydroxyl groups interacting with water through 

hydrogen bonds, facilitating greater water 

absorption. The results by Birguy et al. (2018) 

also showed that increasing sesame percentage 

in the feed composition led to an increase in 

protein and fiber content in extruded corn and 

sesame samples, suggesting that the water-

absorbing properties of these two components 

could significantly influence the increase in 

WAI for samples with higher sesame 

percentages [43]. WAI decreased with an 

increase in screw speed. Higher rotation speeds 

lead to the degradation of proteins and starch, 

reducing water absorption in extruded products 

[37,44,45]. It can be expected that with 

increased speed, the polymer chains of starch 

become dextrinized, making hydrophilic 

groups less accessible. As a result, the reduced 

number of hydrophilic groups and lower water 

binding lead to a decrease in WAI [44]. As 

shown in the graph, the simultaneous increase 
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in cauliflower content and screw speed also 

resulted in a decrease in the water absorption 

index due to a reduction in the expansion ratio. 

Water moves through air cells on the surface 

and inside the product; therefore, the fewer air 

cells there are, the less water can be absorbed 

[46]. The negative effect of screw speed on 

WAI, as well as the positive effect of moisture, 

was reported by Altan et al. (2009) in extruded 

products based on tomato pomace and barley 

[25]. Singh et al. (2015) also reported similar 

results regarding the relationship between 

screw speed and water absorption index [44]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3 Response surface diagram for the effect of the variables of cauliflower percentage and screw 

speed on water absorption index 

 

 

3-4- The effect of formulation and process 

variables on water solubility Index 

The solubility index in water is fundamentally 

used as an indicator of the degradation of 

molecular components and measures the 

amount of polysaccharide released from the 

starch component after extrusion [47]. The 

fitted second-degree model was significant (P< 

0.0001), and any lack of fit for this factor was 

not significant. The calculated R² value was 

0.96, and the significant terms included screw 

speed (P< 0.0001), the interaction effect of 

cauliflower ratio and screw speed, and the 

second-degree effect of screw speed (P < 0.05). 

No significant effect of cauliflower percentage 

on this factor was found.These findings align 

with the study by Stojceska et al. (2008), where 

malted grain byproducts were used to produce 

extruded products[48]. Additionally, another 

study reported similar results indicating that 

cauliflower levels had no effect on the water 

solubility index in snacks made from 

cauliflower byproducts [49]. The simultaneous 

increase in screw speed and cauliflower levels 

led to an increase in the Water Solubility Index 

(WSI) of the extruded products. The increase in 

WSI with higher screw speeds may be related 

to an increase in specific mechanical energy 

(SME) at high screw speeds. High mechanical 

shear causes the degradation of 

macromolecules into smaller molecules with 

higher solubility [50]. The increase in WSI with 

rising screw speed was consistent with findings 

reported by other researchers on extruded rice 

flour and quinoa products [51-53]. These 

results were also in accordance with research by 
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Altan et al. (2008) on producing snacks from 

barley-tomato pomace [25]. 

 

 

 

 

Fig 4 Response surface diagram for the effect of the variables of cauliflower percentage and screw 

speed on water solubility index 

 

3-5- The effect of formulation and process 

variables on the changes in the color 

components of the product 

Color is an important quality factor that is 

directly related to the acceptability of food 

products and is a significant physical 

characteristic to report for extruded products 

[25]. Table 3 shows the values of the 

coordinates L*, a*, and b*, as well as the 

whiteness index (WI) for the produced snacks. 

The results of the analysis of variance indicated 

that the fitted linear model was significant (P< 

0.0001), and any lack of fit was not significant. 

The R² value for this factor was obtained as 

0.86. Significant terms included the percentage 

of cauliflower and screw speed (P< 0.0001). 

The whiteness index of the samples varied from 

68.65 to 72.96. The effect of extrusion variables 

on the whiteness index is shown in Figure 5. 

With an increase in screw speed, the whiteness 

index significantly decreased (P< 0.0001). The 

highest whiteness index was found for the 

sample containing 25% (weight/weight) 

cauliflower at 120 (rpm). The reduction in the 

whiteness index with increasing screw speed is 

attributed to greater degradation of proteins and 

starch at higher speeds. As a result, more 

Maillard reactions occur, leading to a decrease 

in brightness and whiteness indices [19,54]. 

Conversely, the whiteness index significantly 

increased with an increase in cauliflower 

percentage, confirming a positive correlation 

between increased whiteness and fiber addition. 

The increase in cauliflower, due to higher 

moisture content and lubricating effects, 

resulted in less degradation of compounds and 

consequently reduced Maillard reactions and 

caramelization [23]. Lotfi Shirazi et al. (2020) 

also reported similar results, indicating that 

increased moisture led to enhanced brightness 

in the produced snacks [15]. 

 

 

Table 3- The result of L*, a*, b* color coordinates and the whiteness index of the extruded snack 
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whiteness index b* a* L* Screw speed Cauliflower (%) 

71.02 26.06 -0.37 83.23 120 15 

70.23 24.82 -1.89 84.28 150 

68.65 25.38 -1.02 83.39 180 

71.32 23.84 -1.08 83.58 120 20 

70.95 24.29 -1.5 83.67 150 

68.8 26.3 -0.37 83.17 180 

72.96 22.2 -1.46 86.27 120 25 

71.6 22.81 -1.31 83.03 150 

70.09 24.95 -1.03 85.5 180 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 5 Response surface diagram for the effect of the variables of cauliflower percentage and screw 

speed on whiteness index 

 

 

3-6-Optimization 

In this study, the goal of optimization was to 

achieve a product with desirable characteristics, 

which was conducted using Design Expert 

software and a central composite rotatable 

design. The results obtained from the 

optimization, considering the maximum 

cauliflower content (25%), maximum water 

absorption (6.47), and maximum expansion 

ratio (4.418), were determined to be equivalent 

to a cauliflower content of 25%, a screw speed 

of 180 (rpm), with a desirability of 0.81. 

 

4-Conclusion 

The need to produce functional food products is 

one of the primary concerns for manufacturers. 

Since fresh, unprocessed cauliflower is rich in 

dietary fiber and polyphenols, its use in 
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extruded products presents a promising 

opportunity to enhance grain snacks with 

health-beneficial ingredients. Additionally, 

incorporating fresh vegetables eliminates the 

processing and drying stages, thereby reducing 

the overall production costs. The produced 

snack, due to its high fiber content, contributes 

to better digestive performance, supports the 

immune system, and aids in weight and diabetes 

management. Furthermore, because of its 

porous structure, suitable texture, and high fiber 

content, it can serve as a raw material in the 

formulation of other food products such as 

dietary products, ready-to-eat meals, and 

instant powders. Among the production 

methods, extrusion cooking technology was 

employed due to its positive effects on 

digestibility and minimal loss of nutritional 

quality during processing for producing this 

product. According to the results, fresh 

cauliflower can be used in formulations up to 

25% to achieve desirable nutritional and 

technological characteristics. Following tests 

on the predicted values from the software, no 

significant differences were observed between 

the mean results of the actual sample analysis 

and the predicted sample values. The 

observations from this research indicate the 

potential of extruded snacks for fortification 

programs. 
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 ارزيابي ويژگي های ماکروساختاری، عملکردی و رنگ ميان وعده حجيم فيبری غني شده با گل کلم تازه

 3میلانی و الناز 2، آرش کوچکی1نیکی زرقانی

 غذايی، دانشکده کشاورزي، دانشگاه فردوسی مشهد. دانش آموخته شکارشناسی ارشد گروه علوم و صنايع  (1

 استاد، گروه علوم و صنايع غذايی، دانشکده کشاورزي، دانشگاه فردوسی مشهد.  (2

 . يخراسان رضو یجهاد دانشگاه يیمواد غذا  يپژوهشکده علوم و فناور اریدانش (3

 

 دهیچک اطلاعات مقاله                        

 مقاله :   یخ هایتار
 17/7/1402افت: یدرخ یتار

 7/10/1402رش: یخ پذیتار

در اين پژوهش از فناوري اکستروژن به منظور تولید میان وعده با فیبربالا بر پايه گل کلم  

  پذير چرخش    مرکزيطرح مرکب    تازه، نشاسته ذرت و آرد ذرت استفاده شد. بدين منظور از

دور در    180تا    120اثر تیمارهاي سرعت چرخش مارپیچ )  (RSM)و روش سطح پاسخ  

درصد(، بر ويژگی هاي ماکروساختاري    25،  20،  15دقیقه(، سطوح افزودن گل کلم تازه )

و شاخص وعملکردي و رنگ شامل نسبت انبساط، تخلخل، حلالیت در آب، انحلال در آب  

افزايش درصد گل کلم سبب افزايش  تغییرات رنگی میان وعده بررسی گرديد. نتايج نشان داد،  

شد و نیز باعث کاهش     (P  <0/ 0001) و شاخص سفیدي(  P  <0/ 05) شاخص جذب آب

میان وعده شد و بر شاخص حلالیت    (P  <0/ 0001)و تخلخل    (P  <0/ 0001)ضريب انبساط  

،   (P <0/ 0001) در آب بی تاثیر بود. افزايش سرعت مارپیچ منجر به افزايش ضريب انبساط

 شد و شاخص سفیدي  (P  <0/ 0001)و شاخص حلالیت در آب      (P  <0/ 0001) تخلخل

(0001 /0>  P)      و جذب آب(0/ 05>  P  ) را کاهش داد. نمونه بهینه با در نظر گرفتن بیشینه

درصد    25مقدار گل کلم، بیشینه شاخص جذب آب و نسبت انبساط، معادل مقدار گل کلم  

پس از انجام آزمون به دست آمد و  0/ 81دور در دقیقه با مطلوبیت    180و سرعت چرخش  

برروي مقادير پیش بینی شده نرم افزار، عدم معنی داري اختلاف میانگین میان نتايج آنالیز  

مشاهدات پژوهش، بیانگر پتانسیل  نمونه واقعی و مقادير نمونه پیشگويی، مشاهده گرديد و نیز  

 مطلوب میان وعده اکسترود براي برنامه غنی سازي بود. 
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