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3. Dietary fiber
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Figurel- Response surface diagram for the effect of the variables of cauliflower percentage and screw speed
on the expansion ratio (ER)
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Figure2- Response surface diagram for the effect of the variables of cauliflower percentage and screw speed
on the porosity
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Figure3- Response surface diagram for the effect of the variables of cauliflower percentage and screw speed
on water absorption index
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Figure4- Response surface diagram for the effect of the variables of cauliflower percentage and screw speed
on water solubility index

Sols e sk i (Ll b S G L
€50l Sl Sl Lo li oy i il als (P </eeny)
b aids 53 e WY s IS S (s 55s) 1Y0 sl
o ol le o RIBIL s et ls Rals s
e 55 by s 5 5 el e SRl 531 oS
Cae g ey oo i 30l ST cam 53 Lipd e
[08 V4155 3 o i yaxli 5 oLy, jesls Jials
b oS 8 e Bl L i e s S J-
el Il e Cate BLIL S ol Ll ols e
danly 4 oIS IS 5055008 e Ao 1 b 035380 5 S
5 ObS S S A5 e S Sl sk Rl
D555 o OselielyS 5 5,0l STy 2alS ams 5o
SRS gl @B s (YY) DL 5 gl i)
sdes Ol i LIl e Cusb, Uil S Xs S

Dol s

sl allgo s 5 dal B 5 QY g0 B la i SI -0
03,3 4 ‘_;QJ
Y pamn S e b Lt 5 ol o 45 e S K
Sl GOl Sl e (Susd Shs S5 Sl ki ol
35 7S]
sdes Obe sl LW Lasls ooen B 07 Clas

ot Jaa sl 0L bl BT s as e 0L s s

ﬁzl}.a 1 d}.l?— [Yolowsl o C)‘YM

et Pl a5 P )l e e 5
e ke el Coes 4 AT 5SB opl 6l RZ s 5 5l
Ly (P <e/ee)) b Q&Jw}rlSJfM)a Jels Sl
S e e VAT B W0 1 bkl i asld
0303 OLE 0l 503 3 Sk Lasli 055 5eS) (sla ie

RS P

AMJ}JL»S‘ gi«ﬂ‘&.l?ﬂ.wu.a;-u}b* a* L* &) Solaises GL'IJ—Y'J}.\}

10



VEr Y wawl (VY o9 MOV o el

Olpl 214 mblo 5 pgle e

M}b 1_’JL° u}w L* g)'”.\": a* ‘)ﬁéu b* uﬂ”u uar'\.i’a
oS g b
\o \Y AY/YY —/YV AR YZN \AVER
Vo AL/YA -\V/AQ YE/AY Ve/YY
YA« AY/YQ =\/*Y YO/YA Ao
Yo \Y AY/0A =\/*A YY/AL VY
Vo AY/AV -\/0 ARZARN Ve/40
YA INVANY —/VY Yy TA/A
Yo \Y AV/YY -\V/¢1 YY/Y \VAZANS
Vo A/ Y =V/7 YY/AN \AVAY
YA» A0/ =\/*Y Y¢/40 \AVAR
7185 SRR PSS A LA AT A LRAR
)
2 707
»
o
§ 69.55
=
s

684

A: cauliflower

120.00

B: Screw speed

Figure5- Response surface diagram for the effect of the variables of cauliflower percentage and screw speed
on whiteness index

O e iy 5585 B s b b a5 ol s s
DLl o it 5 (VEY) O il it (4 3 Y0) S
533 VAt gl S do 53 Y0 WIS S 1de Jslas ((£/61A)

A3 S et Cosllas L s o

11

b A
Sy 4 Odeory (S5l ding 31 Bla R g5yl 53
)‘Jﬁ\ rj )‘ eslazul l.v aS J.&L' = u).Ua.c 6L€h L;}.'J L

el ik xS 4 oS b s design expert



83 St (555l y Sb o S 2l

WL 5 SB,5 S

Slaes sl e ol sl g b 05V 50 3 55 ad sl esle Ol o
O esliul 3,50 (555 s3g 5 e eslal Sl ()
b Os S| Coy SASS (s slaias om0 2
cﬁjﬁsaldél»w)rm;ﬁguﬂéﬁgl;\&:
Ao S eslital Jpame ol W55 S sy e gl i
5ol el Clbe Dlosat Doplls Gl @B Gl
oS U8 S O Vse b Ao s VO e B Ol (55 5SS
e i olie (S50 Osesl plomil 31 g 23500 o3lizul 630
AT s Ol Sols M (5 ls pme pde 331 p 3 o
s S sdalie (o Siy Ggad polie 5 Al 4l
35781 edey Oln llae ity by (g SMalie

B sl s asl sl

¢

gk -

[1] Nath, A. and P. Chattopadhyay, Effect of
process parameters and soy flour
concentration on quality attributes and
microstructural changes in ready-to-eat
potato—soy snack using high-temperature
short time air puffing. LWT-Food Science
and Technology, 2 (4)41 .008p. 707-715..

[2] Potter, R., V. Stojceska, and A. Plunkett, The
use of fruit powders in extruded snacks
suitable for Children's diets. LWT-Food
science and technology, 2013. 51(2): p. 537-
544,

[3] Brennan, M.A., et al., Ready-to-eat snack
products: the role of extrusion technology in
developing consumer acceptable and
nutritious snacks. International journal of
food science & technology, 2013. 48(5): p.
893-902.

[4] Tumuluru, J., Snack Foods: Role in Diet in:
Encyclopedia of Food and Health. 2016 ,

Elsevier.

[5] Sayanjali, S., et al., Extrusion of a
curcuminoid-enriched oat fiber-corn-based
snack product. Journal of food science, 2019.
84(2): p. 284-291.

12

G5 s
S el b ol0E gla a5l 0 5w 5L
HS S S Ll il OB w5 laabass o e
N R R PV P I KSR KPSy S RPRN
Sl oSl ssl 2o 3 ol 35,281 Y gaames ;5 O3l e3linal
Oemeed ol gl (gl Ao slge L adle OB oy 58
K2 5 Gl p e DBl o 050 Dl el eslinl
sdey Obe 558 o Jsames ol ol L3 a5 5 038
(S o s > Shas 4 e SV sl yme s 4 s 5
Oz Al oSS Eulis 5 055 S O el ke
R L B R T e N SR T

[6] Tiwari, S., et al, Organic solvent-free
extraction of carotenoids from carrot bio-
waste and its physico-chemical properties.
Journal of food science and technology,
2019. 56: p. 4678-4687.

[7] Dias, J.S,, Major classes of
phytonutriceuticals in vegetables and health
benefits: A review. Journal of Nutritional
Therapeutics, 2012. 1(1): p. 31-62.

[8] Beecher, C., Cancer preventive properties of
varieties of Brassica oleracea: a review. The
American journal of clinical nutrition, 1994.
59(5): p. 1166S-1170S.

[9] Kowsalya, S. and S. Mohandas,
Acceptability and nutrient profile of
cauliflower leaves (Brassica oleracea, var.
botrytis). The Indian journal of nutrition and
dietetics, 1999. 36(7): p. 332-338.

[10]Wadhwa, M., S. Kaushal, and M. Bakshi,
Nutritive evaluation of vegetable wastes as
complete feed for goat bucks. Small
Ruminant Research, 2006. 64 (3)p. 279-284.

[11]Podsedek, A., Natural antioxidants and
antioxidant capacity of Brassica vegetables:
A review. LWT-Food Science and
Technology, 2007. 40(1): p. 1-11.

[12] Campbell, G.M., M. Ross, and L. Motoi,
Bran in bread: effects of particle size and
level of wheat and oat bran on mixing,
proving and baking, in Bubbles in food 2.
2008, Elsevier. p. 337-354.



VEUE g YY) 6595 07 6l

[)lﬂl L;l‘j‘b @L«p}f‘y\&bbu

[13]James, S. and T.U. Nwabueze, Quality
evaluation of extruded full fat blend of
African  breadfruit-soybean-corn  snack.
2013.

[14]Hashemi, N., et al., Microstructural and
textural properties of puffed snack prepared
from partially deffated almond powder and
corn flour. Journal of Food Processing and
Preservation, 2017. 41(5): p. e13210.

[15] Lotfi Shirazi, S., et al., Production of high
fiber ready-to-eat expanded shack from
barley flour and carrot pomace using
extrusion cooking technology. Journal of
food science and technology, 2020. 57: p.
2169-2181.

[16] Lisiecka, K., et al., New type of potato-based
snack-pellets supplemented with fresh
vegetables from the Allium genus and its
selected properties. Lwt, 2021. 145: p.
111233.

[17] Mialni, E., et al., A feasibility study of fiber
solid foam based on food by products (Spent
coffee—wheat bran). Journal of food science
and technology (lIran), 2020. 17 :(103)p. 67-
81.

[18] Khan, M., et al., Optimization of feed
moisture and sugar content in the
development of instant rice porridge mix
using extrusion technology. Journal of Food
Processing & Technology, 2019. 10(12): p.
850-862.

[19]Alam, M.S., S. Pathania, and A. Sharma,
Optimization of the extrusion process for
development of high fibre soybean-rice
ready-to-eat snacks using carrot pomace and
cauliflower trimmings. LWT, 2016. 74: p.
135-144.

[20]jinapong, N., M. Suphantharika, and P.
Jamnong, Production of instant soymilk
powders by ultrafiltration, spray drying and
fluidized bed agglomeration. Journal of food
engineering, 2008. 84(2): p. 194-205.

[21] Duan, X., et al., Browning behavior of button
mushrooms during microwave freeze-
drying. Drying Technology, 2016. 34(11): p.
1373-1379.

[22] Asare, E.K., et al., Application of response
surface methodology for studying the

13

product characteristics of extruded rice—
cowpea—groundnut blends. International
Journal of Food Sciences and Nutrition,
2004. 55(5): p .. 431-439.

[23] Bisharat, G., et al., Effect of extrusion
conditions on the structural properties of
corn extrudates enriched with dehydrated
vegetables. Food research international,
2013. 53(1): p. 1-14.

[24] Lisiecka, K., et al., Design of new gluten-
free extruded rice snack  products
supplemented with fresh vegetable pulps:
The effect on processing and functional
properties. International Agrophysics, 2020.
35(1): p. 41-60.

[25] Altan, A., K.L. McCarthy, and M. Maskan,
Evaluation of snack foods from barley—
tomato pomace blends by extrusion
processing. Journal of Food Engineering,
2008. 84(2): p. 231-242.

[26] Yanniotis, S., A. Petraki, and E. Soumpasi,
Effect of pectin and wheat fibers on quality
attributes of extruded cornstarch. Journal of
food engineering:(2)80 . 2007 ,p. 594-599

[27]Yao, N., et al., Physical and sensory
characteristics of extruded products made
from two oat lines with different B-glucan
concentrations. Cereal Chemistry, 2006.
83(6): p. 692-699.

[28]Ding, Q.-B., et al., The effect of extrusion
conditions on the functional and physical
properties of wheat-based expanded snacks.
Journal of food engineering, 2006. 73(2): p.
142-148.

[29] Wéjtowicz, A., et al., Chemical
characteristics and physical properties of
functional snacks enriched with powdered
tomato. Polish Journal of Food and Nutrition
Sciences, 2018. 68.(3).

[30]Hagenimana, A., X. Ding, and T. Fang,
Evaluation of rice flour modified by
extrusion cooking. Journal of Cereal
Science, 2006. 43(1): p. 38-46.

[31] Seker, M., Selected properties of native or
modified maize starch/soy protein mixtures
extruded at varying screw speed. Journal of
the Science of Food and Agriculture, 2005.
85(7): p. 1161-1165.



83 St (555l y Sb o S 2l

WL 5 SB,5 S

[32] Suknark, K., R. Phillips, and M. Chinnan,
Physical properties of directly expanded
extrudates formulated from partially defatted
peanut flour and different types of starch.
Food Research International, 1997. 30(8): p.
575-583.

[33] Van der Sman, R. and J. Broeze, Structuring
of indirectly expanded snacks based on
potato ingredients: A review. Journal of
Food Engineering, 2013. 114(4): p. 413-425.

[34]Sun, Y. and K. Muthukumarappan, Changes
in functionality of soy-based extrudates
during single-screw extrusion processing.
International Journal of Food Properties,
2002. 5(2): p. 379-389.

[35] Koc, B, I. Eren, and F.K. Ertekin, Modelling
bulk density, porosity and shrinkage of
quince during drying: The effect of drying
method. Journal of food engineering, 2008.
85(3): p. 340-349.

[36]Frame, N.D. and J.M. Harper, The
technology of extrusion cooking. 1994:
Springer.

[37]Moraru, C. and J. Kokini, Nucleation and
expansion during extrusion and microwave
heating of cereal foods. Comprehensive
reviews in food science and food safety,
2003. 2(4): p. 147-165.

[38]Mason, W.R. and R. Hoseney, Factors
affecting the viscosity of extrusion cooked
wheat starch. 1985, Kansas State University.

[39] Huang, J., W.-B. Lui, and J. Peng, Effects of
screw speed and sesame cake level on
optimal operation conditions of expanded
corn grits extrudates. International journal of
food engineering, 2014. 10(2): p. 317-328.

[40]Wang, C., et al., Madification of insoluble
dietary fiber from ginger residue through
enzymatic treatments to improve its
bioactive properties. Lwt, 2020. 125: p.
109220.

[41] Suksomboon, A., et al ,Effect of extrusion

conditions on the  physicochemical
properties of a snack made from purple rice
(Hom Nil) and soybean flour blend.
International journal of food science &
technology, 2011. 46(1): p. 201-208.

14

[42] Favela-Gonzalez, K.M., A.Y. Hernandez-
Almanza, and N.M. De la Fuente-Salcido,
The value of bioactive compounds of
cruciferous  vegetables  (Brassica) as
antimicrobials and antioxidants: A review.
Journal of Food Biochemistry, 2020. 44(10):
p. el3414.

[43] Beiraghi-Toosi, S., M. Mohebbi, and M.
Varidi, Effect of feed mixture and process
variables on physicochemical properties of
solid foams made from corn starch and
sesame seed by extrusion. Iranian Food
Science and Technology Research Journal,
2018. 14(5): p. 865-876.

[44]Singh, B., S.Z. Hussain and S. Sharma,

Response surface analysis and process
optimization of twin screw extrusion
cooking of potato-based snacks. Journal of
Food Processing and Preservation, 2015.
39(3): p. 270-281.

[45] Yagci, S. and F. Gogiis, Response surface
methodology for evaluation of physical and
functional properties of extruded snack
foods developed from food-by-products.
Journal of food engineering, 2008. 86(1): p.
122-132.

[46]Lee, J.-S., et al., Physico-chemical
characteristics of rice protein-based novel
textured vegetable proteins as meat
analogues produced by low-moisture
extrusion cooking technology. LWT, 2022.
157: p. 113056.

[47]Ding, Q.-B., et al., The effect of extrusion
conditions on the  physicochemical
properties and sensory characteristics of
rice-based expanded snacks. Journal of Food
engineering, 2005. 66(3): p. 283-289.

[48] Stojceska, V., et al., The recycling of
brewer's processing by-product into ready-
to-eat snacks using extrusion

[49] Stojceska, V., et al., Cauliflower by-products
as a new source of dietary fibre, antioxidants
and proteins in cereal based ready-to-eat
expanded snacks. Journal of Food
Engineering, 2008. 87(4): p. 554-563.

[50]Singh, B., et al., Response surface analysis
and process optimization of twin screw
extrusion cooking of potato-based snacks.



VEUE g YY) 6595 07 6l

&lﬂl L;l‘j'b @L«p}f‘y\&&u

Journal of Food Processing and Preservation,
2015. 39(3): p. 270-281.

[51]Dogan, H. and M. Karwe, Physicochemical
properties of quinoa extrudates. Food
Science and Technology International, 2003.
9(2): p. 101-114.

[52]Guha, M., S.Z. Ali, and S. Bhattacharya,
Twin-screw extrusion of rice flour without a
die: Effect of barrel temperature and screw
speed on extrusion and extrudate
characteristics. Journal of Food Engineering,
19 :(3)32. 97p. 251-267.

15

[53] Sebio, L. and Y. Chang, Effects of selected
process parameters in extrusion of yam flour
(Dioscorea rotundata) on physicochemical
properties of the extrudates. Food/Nahrung,
2000. 44(2): p. 96-101.

[54] Asghari-pour, S., et al ,Optimization of

physicochemical and functional properties of
corn-based snacks containing date kernel
flour. Journal of Food Processing and
Preservation, 2018. 42(11): p. e13821.



JEST No. 157, Vol. 21, March2025

ABSTRACT

Journal of Food Science and Technology (Iran)

» Homepage:www.fsct. modares.ir

Scientific Research

Evaluation of macrostructural, functional and color characteristics of
high fiber extruded snack enriched with fresh cauliflower

Niki zarghani, Arash Koocheki., EInaz Milani

1- M.Sc in Food Science and Technology, Faculty of Agriculture, Ferdowsi University, Mashhad, Iran.
2-Professor, Department of Food Science, Faculty of Agriculture, Ferdowsi University, Mashhad, Iran.
3-Associated professor, Department of Food Processing, Iranian Academic Center for Education

Culture and Research (ACECR) of Mashhad, Iran.

ARTICLE INFO

ABSTRACT

Article History:
Received:2023/10/9
Accepted:22023/12/28

Keywords:

snack,

porosity,

water solubility index,
water absorption index,

color

10.22034/FSCT.21.157.1.

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

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.
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