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Development of Fresh Spaghetti Using Bread Flour by Multi-Step Extruder Method
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ABSTRACT

In this study, a comparative evaluation of multi-step extruded spaghetti prepared with bread flour, traditional spaghetti, and
commercial spaghetti was carried out. Multi-step extruded wheat flour spaghetti (MWS) showed the highest pH value at 6.54
which was significantly higher than that of the conventional pasta-making spaghetti (CPS) and commercial semolina spaghetti
(CSS)(p<0.05). This could be due to the influence of cold soda, a minor ingredient. The water activity of CPS, 0.77+0.02,
was significantly lower than those of MWS and CSS. Chromaticity showed significantly different results in MWS than in
the CPS and CSS. This was influenced by a gardenia yellow color added to MWS. The changes in the volume and weight
after cooking were the largest in CPS, followed by CSS and MWS. The change in the volume and weight of MWS was
significantly different (p<0.05). In addition, an analysis of cooking characteristics revealed that MWS (152.00%) and CSS
(148.00%) had significantly higher water absorption and significantly lower turbidity values. Texture measurement showed that
the hardness and springiness were similar, and the gumminess of MWS and CSS were 14.05 and 13.74, respectively, which
were significantly lower than CPS (16.46) (p<0.05). There was no significant difference between MWS and CSS in terms
of flavors, taste, and overall acceptability. The appearance of MWS evoked a lower sensual preference compared to the CSS
and hence, further research on the minor ingredients and additives of multi-stage extruded spaghetti is necessary. When
subjected to scanning electron microscopy (SEM), CPS showed wide pores and poor homogeneity, and MWS and CSS showed
denser and more homogeneous honeycomb microstructures. In conclusion, spaghetti prepared by multi-step extrusion can be

a replacement for semolina spaghetti.

Key words: pasta, fresh spaghetti, multi-step extruder, cooking properties, sensory evaluation

N B

23l = 224 Hel gt 71sd o g s AAAA o
2 4 ool ﬁ S2lo|thRafiq A 5 2017). 4
FgH SR A|4GD Wl e ATAs
H9°]7]%= 3lthBrennan CS &
g Aekekal o] wstel g ’\H]X}
w3tElo] AAge] WS 7hA o vhEle]
2l AW FA AEj R v 3 ik
(Kim JS & 2008). A& T2E AFS T2 FHES
o]-g-gk "ﬂ%‘ﬂ‘/}i AL = AlFolH o] Hold A,
T A, 28] 540l Holu o]

Mg anjate] A9
o] Z23F Jg-S gH(Chillo S 5 2010, El-Sohaimy SA %5

' Corresponding author : Ji-Hyun Park, Tel: +82-31-670-3270, Fax:
+82-31-670-3273, E-mail: cook2022@cau.ac.kr

2020). FH¥
2= Al =
HYEHZE AT &+
(Mariotti M & 2011).

vt 9 °V\1°}°ﬂ"1 2= =
whdol] vlal 714 @77t w31 1l & afjofs
2 THEo]FtH(Carter CA & Ferguson SM 2020). ©
Al yE tiil st 7}"T‘i S

—

a9

N
i

Ho do
2
o

2o

S OIl](Sapirstein HD % 2007) J]—/’\E‘r
:ILOH/‘ T2 FHE Asdus
& FZ2E 7 LIRS o] &3 gh

i
>~

W


https://crossmark.crossref.org/dialog/?doi=10.17495/easdl.2022.10.32.5.295&domain=http://easdl.org/&uri_scheme=http:&cm_version=v1.5

296 ulx] &

E} AlF Al 28-S 9 A77F tiFE-Eo] At Gallegos-
Infante JA 5 2010; Kowalczewski P 5 2015; Kim SK &
2016). & B9 FHES FEAoZ vd(buckwheat) 2
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1. X

2 Ada] AHgH 7FEE(CI cheiljedang, Yangsan,
Korea), Al=2|W(Divella S.P.A., Rutigliano, Bari, Italy), Al
% 2~3A Bl (Decceco, Fara San Martino, Italy), 447

(CI cheiljedang, Gyeonggi-do, Korea), F’dH E(Hyunjin

U

Greenmeal, Seoul, Korea), 258l (Hyunjin Greenmeal, Seoul,
Korea), 322" (Hyunjin Greenmeal, Seoul, Korea), =2
A& (Hyunjin  Greenmeal, Seoul, Korea), XA} 4
(NATURALS, Hwaseong-si, Korea), YZ&THMido, Paju,
Korea) ZxF(Hanju, Ulsan, Korea)2 A5 nlES} 22101 &

oA Fdste] AHE-SAT.
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%5241l 23AE](conventional pasta-making spaghetti;

fiobAlo} fukima R

CPS)E WHE7](Kitchen Aid, Model KPRA, St. Joseph, MI,
USA)E o|-&3ato] It2El WHy(F 100 g A=Y 67.98 g,
B 2671 g AT 223 g AAET 2,00 g w2 1,08
2% W= 5 3~E}l 7]A|(Imperia, Ambrogio di Torino,
Italy)ol] W5 533l 2.0 mm #7712 2IAEE A=
3199 th(Gallegos-Infante JA 5 2010). ThFts&HE S o] &
3k A 23 A E] (multi-step extruded wheat flour spaghetti,
MWS)e] HigH] &2 APATE Foto] Tt 2ol 2%
SFITHE 100 g @ U7FHE 5318 g, & 26.71 g, SFFHE
742 g, AR 5.00 g, 54 2.23 g, &g 223 g, SAE
200 g, =2 1.08 g, XAEAA 0.08 g, WaTH
0.07 g). AW 2=3AE = wigH|el w2t E£3H7](Yonhma,
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E](commercial semolina spaghetti; CSS)9} H|wsle] A& s}
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T R =%7](Novasina, Novasina Ltd, Switzerland)E
AHgste] S 813

(UltraScan PRO, HunterLab, Virginia, USA)Z =7 3}%] 2™
7}2te] M= L*(lightness), a*(redness), and b*(yellowness)
o UehiiEh ol W AgE EE wWmel e L
94.42, a*=—0.81, b*=1.66°]21t}.
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7P 223 Al E HaddEd] ¥ § FaE SA6
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analysis)2] 'Y S 2 7 %(hardness), ¥-2A](springiness), 7
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8. FAIX XIS 0|ZA(Scanning Electron Microscopy;
SEM)
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(multi-step extruded wheat flour spaghetti)”} 6.54°4 717
£ pH 3= YERAT CPS(conventional pasta-making spa-
ghetti)©} CSS(commercial semolina spaghetti) A] 51t} -2
Ao =& e U ATHp<0.05). °]& MWS Az A]
o]g¥ = Warte] o R COot &£ 7kt AdH o
2 Q8] A:A o2 pH #to] dsE Aty AtsdT) 4
1 ZAEE CPS7} 0.77£0.022 MWS, CSSol| Blal #<]3
o= v A5 YRSt = CPS7F MWS, CSS A&
o vt S w i oz Wy o] won WUrkE
7V FEEA T 9] wie] v Hrlee] gHrE s
MWS, CSSHU} 4= S w7} Audoz v S4d A
o 2 #HHTHMarynin AMA 5 2021; Moreira R 5 2010).
MWS 2 €SSo] 8 = 242t 0.95+0.01 ~0.96+£0.002
2 Yehtom o] pH 52~7.0, 8 24 W7 0916~
0.973 2 ERE Schebor CSC & Chirife JCJ(2000)2] &17-9}
FARE 235 YR

e

o,



298 1ot ]

HokA o} BAEREMETE

Table 1. pH, water activity and color of conventional pasta-making spaghetti, multi-step extruded wheat flour spaghetti

and commercial semolina spaghetti

- Water activity Color
p (Aw) L* 2% b*
cps? 5.97+0.04>Y 0.77+0.02° 79.06+0.40° 4.77+£0.24° 45.15+1.14°
MWS 6.54£0.01° 0.95+0.01° 87.04+0.93° —0.75+0.03¢ 13.63+1.64°
CSS 5.91+0.02° 0.96£0.00° 80.02+0.15° 2.4140.22° 28.5240.55°
F-value 114.32" 4524 154.22"" 98.67" 102.66™

Y CPS: conventional pasta-making spaghetti, MWS: multi-step extruded wheat flour spaghetti, CSS: commercial semolina spaghetti.

stk

2 MeantS.D. ™" p<0.001.

% Means marked with the different letter in the same column are significantly different (p<0.05) by Duncan’s multiple range test.

e 5% AF= Table 13} 20w A 712 A&7} 79
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Table 2. Cooking properties of conventional pasta-making spaghetti, multi-step extruded wheat flour spaghetti and

commercial semolina spaghetti

Volume increase

Weight increase

Water absorption Turbidity (O.D.)

(mL) (2) (%) (O.D at 675 nm)
Ccps” 83.33+1.5399) 37.35+1.54° 128.33+4.97° 0.6340.08°
MWS 61.00+1.00° 22.23+1.45° 152.00+4.00° 0.20+0.03°
CSS 73.55+0.58° 35.30+1.49° 148.00+4.00° 0.16+0.02°

F-value 68.50"" 935" 7.53" 5.88"

Y CPS: conventional pasta-making spaghetti, MWS: multi-step extruded wheat flour spaghetti, CSS: commercial semolina spaghetti.

ook

2 MeantS.D. ™ p<0.01, ™ p<0.001.

3 Means marked with the different letter in the same column are significantly different (p<0.05) by Duncan’s multiple range test.
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% sh}o]thAntognelli C 1980). Table 33} o] A 7}A] 2~ 4, BSAHAL
AAE 2] P 2A = 7 E(hardness) 2 3 (springiness) ol 4] H57AL A= Table 494 2Th MWSSH CSSE ]

oA zto]7h AATHP<0.05). ©]= T tE7|E o] &5t (flavors), Btaste), AW Q1 7] 5 =(overall acceptability) 3t
deERor Azxg A9AES 7 %E(hardness)St T4 Foll A o] 291 Afo] & HolA] &3ttt MWSS] €] ¥(appea-
(springiness)°] HEZ Q1 W2 o] AlEeut 2IAEI(CPS)9  rance)S €SSOl Hla] B5AQl 7|3} wred) o] R
Al Al 29AE(CSS)o] Aol ARSIl mEet 3l Aa) g4 Sog T 2uEle] 9)wo] 75z o
Atk Ae A = AT A4 (gumminess)= CPS7F kS Fglom, o] o] Aw Ate} npxiyiA R Hrld
164622 foldo2 =9kon MWS? CSSe] 27} 14.05 A3 ke weitiy e 4 ) g2 Ao =
S} 13.745 YERRATHp<0.05). MWSS} €SS9 HA(gum- B a2 A7ek ol 714 ghrelse] B5AAN 3= = 9
miness)©| xfo|7}F §le o2 YElyton o= Al 211 el Aawrt "ojx= A} AT thHoward BM &
o] 242 7H 23E AR vt =299 21 2011; Lawal OM 5 2021; Simonato B 5 2021). A%
2 BRItk A4 (gumminess)< 2] 47 A Ao A9 (hardness)®} B2 A(springness)< CSS, MWS, CPS A=
g 4= glom o] A #AE YEMItE A2t dth H7l= 9o MWSS] 7 %(hardness)= 4.7, B2 (spring-
(El-Sohaimy SA 5 2020). ¥ AFolA ST 28]l 54 T ness)S 44008 BHE o]ito] W72 At 4134 (chewi-
gre 22 £48 4T = JdE 24 T she|H, CPS ness)= MWS7} th2 AIAEI BT 9o A Thp<0.05).

o] HErh 0.630.% frof Ao A WERSAL o= CPSe] o] Avhs AlRe Al MWl thdgtEe] e o ~vt
A8 (gumminess)°] FA1 B7HE A2 SPEHANZE T o= A AEE AxdAS A 29 F84 FHAA A 29
Fheta Abst. Eloh fARE Ao JEhE &5 Al dEoRe] 7hed

Table 3. Texture profiles of conventional pasta-making spaghetti, multi-step extruded wheat flour spaghetti and commercial
semolina spaghetti

Hardness (N) Springiness Gumminess
cps? 26.31+2.50” 0.94+0.09 16.46+1.69"
MWS 28.43+0.22 0.97+0.05 14.05+0.51°

CSS 28.74+0.41 0.99+0.01 13.7440.48"
F-value 1.98%% 0.72N 8.63"

D CPS: conventional pasta-making spaghetti, MWS: multi-step extruded wheat flour spaghetti, CSS: commercial semolina spaghetti.
? MeantS.D. ™ p<0.01.

 Means marked with the different letter in the same column are significantly different (p<0.05) by Duncan’s multiple range test.
9 NS: not significant.

Table 4. Sensory evaluation of conventional pasta-making spaghetti, multi-step extruded wheat flour spaghetti and
commercial semolina spaghetti

Appearance Flavour Taste Hardness Chewiness Springiness acc(e);:ligity
cps” 2.60£0.997  3.80+1.15° 473£1.10° 3.90+1.30° 3.67+1.29° 3.87+1.46° 3.47+1.06°
MWS 4.60+1.18° 4.80+1.47° 4.53+1.68" 4.70£1.23% 4.93+1.44° 4.40+1.59% 4.73+1.49"
CSS 6.00+0.85° 5.33+1.05" 4.40£1.30" 5.50:1.30° 4.73+1.71% 5.07+1.28° 5.40+1.50°

F-value 10317 488" 1689 427" 3.577" 451" 6.58"

Y CPS: conventional pasta-making spaghetti, MWS: multi-step extruded wheat flour spaghetti, CSS: commercial semolina spaghetti.
2 MeantS.D. © p<0.05, ™ p<0.01, ™ p<0.001.

% Means marked with the different letter in the same column are significantly different (p<0.05) by Duncan’s multiple range test.
Y NS: not significant.
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5. SEM(Scanning Electron Microscopy)
Al 4R 2=THAE el thgh 4u&2] AL A A; dr] 7 (SEM)
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B9} 4 5AS v dFelGh pHE td 4F 294
E|(MWS)7} 6.540A 714 =& pH #b= UERN™ CPS<}
CSS A BHTF fozFo g =8 32 e oH(p<0.05).
ol FAlE Yarte] g¥goz AT FE ==
CPS7} 0.77+0.022 MWS, CSS©l| H|8l] fejzlo s o 4=
A& YERNATE MWSe] M= L*2 87.04% THE CPS
9} CSS ABRET foFor e AFE Yepjle
a*(—0.75)2} b*(13.63) 3= tH2 ~uHAlEl 9} v 2 23S
Epiglon] MwSell H7Eet 2 3 X2 pekale] of o)l
oz ¥ Hyjo} 24 W3ke CcpS7F 7 Beken ¢SS,
MWS2] =45 Btk MWSe] Fu], A ¥ale foge
2 7P A QA thp<0.05). 3 28] EAoA MWS(152.00%)
g CSS(148.00%)= oA os FREFTES =1 /o4
°oF ge grgs et gxx 4 23 A=
(hardness) 2} EF A (springiness)< 2] 221 2fo]7} gle A

CPS

MWS

CSS

(x100; x500; x1.00k; *2.00k)

Fig. 1. Microstructure of conventional pasta-making spaghetti (CPS), multi-step extruded wheat flour spaghetti (MWS) and
commercial semolina spaghetti (CSS) in diverse amplification times.
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