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Summary. The paper preserts the results of meammements of s pecific mechanical enerzy SME of exbusion
cookdng process and exparsion ratio of precocked pasta made fomowhole wheat oy, The diferent level of
water addihon towhole wheat fionraras used due to the mostare contert frcen 22 1o 36%, Processing of wlole
wheat pasta products wa perfiemed on single-sovear modified exdmision-cooker TS 4 5with LD = 18: 1 using
a differembiated scwwr speed &0, 20, 100 and 120 mpm Pasta processing was caried aut in the ternperatire
range H1-100°C, shaping pastain the form of theads by a formine die of' 12 holes wath a dianetr of 0.2 nom.
Depending onthe somwer rotatioss and the dough modstire corterd the process cutpat ard specific mecharneal
ererzy was deterined and the expamsion rbo of pasta was specified. The exbusion-cocking process antpat
of wholewheat pasta products ncreased with the weease of the sorewr speed, Inmreas me the moistaze comterd
of v materials infhienced on lugher reducton of the process oatput. SME wvahes mnzed from 007 4o 054
kg and warere dependent on both the moistare comtert of var materials and the s ovewr spesd wtations dur
e the extmsiceroocking of pasta. Expansion ratio irdes of pasta imereased with rereased rpen applied doring
processitg, the use of higher moistare cortert of rar matenals affect the linthng exparsion raho of wlhole
wheat precocked pasta products.

Key wonds: exbusion-coolang, precocked pasta, wheole wheat o1z, SME, expansion mbo

INTRODUOCTION

Whiole-grain products, whose popularity is still growing, irwproee the metabolisra, reduce fat
dhsorption by the boraan body and reduce the lesel of bad cholesterol in the blood. Whole-grain
foods corsumnphon rmay result in a decreased risk of cardiovascular disease and certain cancers,
favorable effects on blood lipids and glucose, improved insulin resistance, and higher intakes of
die tary fiber and microrntients (Jacobs et al., 1992, Frane and Sarmpeon, 2006, Mekeown et al,
2002}, The nuber of recormrmended servings of whole-graim foods per day was re ported by Ihr
guart et al. (2006) as 5 10 11 servings, but identification of whole-grain peoducts by consarners was
poot in the presented research data. Recornmendations of the Food ard Dirug Advainistration confirm
the need for the consanption of several food products, at least 3 servings a day; cortairdng whole
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graing in the ot of cereal, bread, pasta, cakes and snacks (Slavin et al, 2001). Becanse of cri-
lization diseases dietitisns suggest to complerment the diet of whole-grain products, which proside
tot ondywaluable for dizgestion flber, but also be canse of the presence in wholerneal products of the
large quantities of vitarnins, particularlyof B group, vitardin E and the macro- and micronntrients,
like seleniurn, mine, copper, maghesinrn (Schneermar, 1998, Slavin et al, 20010, Whole-grain foods
alao contain phytochernicals such as antioxidants, phenols, plotoestrogens and fermentable cabo-
hodrates such as dietary fiber, resistant starch or oligocaccharides, which mavy be associated with
cholesterol lowering, cardicvaseular disesse profection and cancer risk decreasing (Slavin et al,
2001}, Inlight of the growing interestin the role of whole-grains in health and disease protec tion,
and the paneity of whole-grain food consurption, new kinds of products are widely developed
ie. entiched breakfast cereals containing whole graine, bran or gens (Franz and Sarpeor, 2006).

For the technological reasons pasta products based on rich in fiber raw materials are dif-
fienlt to process due to the large armount of fiber, so in marey bakery and sracks products they are
replaced by the fune ional fiker additives or resistant starch (Sozer et al., 2006). Whole-grain pasta
tayhe the great cormplernent to the diet reach invaluable nutierts (Olider and Sabradord, 2006),
and precooked pasta products based on whole-grain raw raterials, not onlyereich the horran diet,
but alzo shorten the preparation time of nobitions meal to a few minntes of hydration of the pasta
in hot water before consurnption.

Extrusion-cooking allows processing of precooked pasta with any additional processes (fiying
ot stearning) from starchy and protein-rich raw materials, using appropriate process pararme ters such
as temperature, allowing the starch gelatinization and the formation of a stabile finished products
stracture, and the screvw speed of extrusion-cooking, which affect the pasta products expansion and
tirne preparation for the consunption of precocked products (Wdjtowicz, 2005, 2007, Wajtowicz
and Ivlodzickd, 2009, ¥alla and Ivknthesy 2006). These wvaridble process corditions can be used o db-
tain the desired characteristics of pasta produc ts, which canbe classified to a group of ¢ orrerde nice
food (Singh and Srath, 1997). Processing siraplicity of fhis type of pasta does not require hagh
energydryers, water or stear hath or fiying duning processing (Huber, 1998, Wang etal, 19993 To
obtain imstant or precooked products within & short preparation fivne they should be characterized
by thin dirne nsion in the shape of spacheth or thin-walls in the case of tube-type pastas.

The airn of this study was to de termine the specific mechanical exergy consunption, process
cutpt and influence of the s parareters on expansion ratio index of precooked whole wheat pasta
products processed with variable extrusion-cooking pararneters: moistare content of raw roaterials
and different speed screw

MATERIALZ AND LIETHODE

Irrrestigations of process output and SIE consmrnption were perforne d during the extision-
cooking process of precooke d whole wheat pasta. The extrusion-cooking was carried out on a modi-
fied single screw extusion-cooker T3-45 (MWetalchern, Gliwice, Poland) with an elongated barrel
section (LY D= 18:1, corapression ratio 3:1) with the closed circuit glyweol cooling systemn just before
the die. The use of screw equipped with an additioral raixing element allows better mixing of the
dough in the latter barmrel section. The pre pared dough was processed by the rrnal -she aving treatment
at the femperature ranging frora 20°C in the first hamel section, 100°C in plasticizing barre] zone
and A5-T0°C justbefore the die. Pasta products were shaped on the forming opendie with 12 outlets
0.2 rom in diareter, 20 rom in depth. Differential screw speed at the lesel of 60, 20, 100 and 120

rprn was applied dorng the processing.



EFFECT OF WHOLE WHEAT FLOTE MOIS TENING 519

The raw material was corenereial whole wheat flour (Lakella 5.4 | Dublivg, Poland), protein
content 13,7% (Kjeldah] method), ash — 1,37% (LACC 08-01), catholydrates — 65,4, fat - 2,33,
fiber — &, 7% (producer’s data). The moistare content of whole wheat flour, tested according to
AACCT 4419 in an air oven (in the 135°C for 1 he), was 10.5%. Whole wheat four was moist-
ened for plarmed dough moisture conte ntvarying frorn 28 to 36% by addiion of a proper amont
of water at 20°C by anall strearns of water through nozzles and a precise rixing. &fter mixing,
the prepared whole wheat dough was rested for about 0.5 howrs to achdewe the uniform raoishre
cortent i the dough mass.

Dnring the extusion-cooking of whole wheat pasts the process outpmt weas reasured by prod-
nets savaplivg for 10 mivmte s of vegular production for each bateh processed at different conditions.
The measurements were registered three tirnes.

Bazedon the data collecte d during rroaltiple trials the exetgy reguire rment of extrusion-cooking
process was st at different screw speed and with differe rt initial racisture contert of the raw mate-
tial. Povarer consmnption was measured using standard register conmec ted to extruder™s motor during
processing of each recipe and screw speed nsed. Bfter the consideration of motor load and process
output (kg-b'), the SME (spmcific mecharical energ) values (kWhke 1) were caloulated according
to the method descrbed by By and Mg (20013

T (test) N % tootor load y rootor power (rated)
rpen (rated) 100 feed rate

SME = i1}

The expansion ratio index of precocked whole wheat pasta was desighated as the ratio of the
diarreter of the pasta thread to a diameter of forming die holes (0.8 wra) (Wajtowicz, 2005, 2007).
Dleasurernents the diarneters of pasta were performed with a caliper with digital display with an
accuracy of 0.01 . The measurernents were made in 15 replications, as the fral result the aver
age of the meamwerments was taken into aceount.

The ruiniraurn time of pre paration for consuraption by pasta hydation in hot wate ¥ was evaln-
ated after each minute of soaking by mastication of single pasta thread (5 cm long) between two
Plexizlas plates (Wdjtowicz, 2005). The minimal preparation tivne for precooke d pasta was defined
a8 the rorment of white internal core disappearance. Tests were perfored v triphicate.

Bemults were analyzed using the statisical softeare Statistica 6.0, examining the relationshipes
betueen the molstare content of raw materals and screw rpem to all the tested processing param-
eters, according to 3D, Analysis of varlance was conducted at a confidence level of 953 (p=0.05),
significance of differences was assessed by Dhancan’s range test.

RESULTS AND DIRCTTAEION

Fiherrich raw materials, which inclode whole wheat four applied in the tests, used in the
rnanuficture of healthy food, requite specific condiions of heat teatment due to the presence of
high guartity of distary fiber. Deterrnination of optirnal pararneters is particularly nportant in the
extrusion-cooking, inwhich the integrated effects of te rmperatore, pressure and shear forces are able
to influence the proce ssed materials bycoraplex physicocherical changes (Carnire etal. 1990, e
cier et al. 1992, Wajtowicz and Modeicki, 20099, The use of raw material moisture content abonee
30% allowed to obtain the process termpersture not exceeding 100°C, which prevents hringing to
the boil of water present in the dough during the extusion-cooking and to awoid the formation of
air bubbles inside pasta threads after evaporation of water from the hot product leaving the form-
ing die. b sivailay range of molstore content was nsed by Sabradon and Olnaer (2006) during the
rnanufacture of lasagha based on wholegrain raw materials: the traditional sermoling pasta dough
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was moistered to 33.2% of moistore content, the dough from whole grain raw materals —to 3285
of moisture content, while organic raw materials used in resparch were molstened 0 31.1% of
tooisture content. After cooking of these products the molstare content of cooked products ranged
frorm 60.1 to 63.5% and didn’t differ statistically

Dring the extrusion-cooking of whole wheat pasta products it was observed that increasing
the initial moistare content of raw materials slightly increased the process output (comelation coef-
ficient r=0.12). In all the tested saraples there was found a significant increase of the process outpat
with increasing screw speed during whole wheat yasta processing (correlation coefficient =0.93).
Dependerncies of whole wheat pasta oufput according to the process parawe ters ave illustrated in
Figure 1.
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Fiz. 1. The axtmsiowcocking process outpat (g h') ofwhole wheat precooked pasta
with differert moistore corbert (%5 and 5 ovewr s peed (rpem)

For the deterrnination of specific mechanical energy the power consmrption, screw speed
and output of the extrusion process were taken into account. It was observed that with increasing
initial moistare content of raw materials, the values of SHE decrease slightly (1=-0.15) dwring the
whole wheat precooked pasta processing . The larzer armonnt of water avvailable during the extrusion-
cookitg of whole wheat products facilitates processing and results in lower motor load during
extrusion, in spite of the presence of laige quantity of fiber.

The specific mechanical energyw SWE requirements depending on the rawe raate rials moistore
cortent and the extmsion screw speed during the processing of whole wheat precooked pasta are
suratnatized in Fizure 2. The raost rnportant factor affecting the walue of SME waz an extusion
screw speed with high correlation coefficient (=096}, The hizher screw speed was applied, the
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higher the specific energy dernand was. Wijtowicz and Dodeicki (2002), for the determination
of the rate of SME in comron wheat floar precooked pasts extrusion, set this parameter in the
tange from 007 to 0.45 kWhkg”, an increase of screw speed during pasta processing resulted in
an increase of SWE values. Wajtowicz (2008), duing the extrasion-cooking of instant pasta with
the addition of legurme seeds flour, has found that additie arount ncreasing will increase the
dernand of SIWVIE for protein-rich pasta in the application of low-speed extrusion, wiile applications
of high screw speed reduced SWE requirements with increasing share of legumes in a mixtore of

ravwr ratenals.

1 Baupi 3RS

Fiz. 2. Specific mecharical ererzy (EWhks ") requiternents during whale wheat precooked pasta
processing fom the mar materials with different ntial mosstize cortert ()

at different extrusion-cocking scwew speed (1pmi)

Talla and Ilnthesy (2006) tested pasta rmade fror semoling with different vield and deter
tnited SWE dernand from 16 t0 69 kTkg™ (00040017 KWhke') at the extrusion termperature
range 44-477C, SWIE decreased with increasing the amount of proteins and with stonger gluten,
but de creazed with increasing absorption level of raw materials. Singh and Smith (1997) during the
high-ternpe rature extrusion-cooking of whole wheat raw materials identified the SWE dernand for
0.09-0.13 KWhkg” in the application of terape ratare range from 30 to 175°C, while SME wvalues
e reaged for the application of low hrvidity rawr materials (initial rmoisture cortent of the material
ranged from 22 to 28%) and during lowe nng process femperature . High terngpe rature extrosion-coolk-
ng, cormpated with traditional pasts pressing, senerate at least 10-fold greater SME dernand per ke
of product. Howeseer, there should be taken into account the long-tern drying process of tradiional
pasta, which irpeores the overall SME consuraption. Shecassis et al. (1994) reporte d that during
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corre nhional pasta pressing ina single screw pasta extmder at the terpe ratures not exceeding 50°C
and up to 30 rpea, SIWE reached values from 003 to 012 k¥Whke™ Le Ronx et 4l (1995) achieved
the SIVE walues ranging 0.007-0034 kWhke during coreventinnal durir seranling pasta pressing
at 15-30 rpen when the dough moistore content 44-48%, was used. Ry and Mg (20010 ascertained
higher SIE walues at higher screw rotational speed during the extrusion-cooking of wheat four and
corn meal, doble screw speed escalation cansed almost double SIWVE consuraption (frorm 0.155 to
0293 KWh kg in processing duration of wheat flour at 120°C). Increasing the initial dough raois-
ture content significantly decreased the SME (from 0.125 0 0062 KWh kg™ during processing at
160°C). Della Walle etal. (1995} for extided potato starch reported the SWE consurmption ranging
0.107-0320 kWh kg depending on the process conditions and teraperature used.
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Fig. 5. The expansion ratio (-) of whole wheat precooked pasta processed
with differert dough moistare conkent (2] under different sovewr speed (rpm)

Figure 3 presents the results of the radial expansion ratio index measwre ments of precooked

pasta made from whole wheat flour, depending on the screw rotation speed and dough racistore
content. The whole wheat precooked pasta was charac terized by low rate of the results differentia-
tion defined in the application of different rpem duwring extusion but increase of expansion ratio with
e reasing s rew speed during extrision was noted (1=0.57). There was alsn a significant influence
of dough moistening on precooked pasts exparsion ratio; higher moisture content of raw materials
has to lirait the exparnsion ratio of whole wheat pasta products (r=-0.67). Sirilar chservations were
noted by Wajtowicz and MWodeicki (20090 for comimon wheat precooked pasta: higher exparsion
ratio was noted with kigher serew speed used and lower dough molstare content. Singh and Smith
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(1997} appointed for whole grain extodates the expension ratio walues within 3-8 using a 22-28%
taoisture content of raw materials and extusion terperatare up fo 175°C, an increase of process
termperature and decrease of raw matedals honddity affected the reduction of products expansion.
Dlirdrnal preparation tive was sitnilar for all the tested saraples of precooked whole wheat
pasta and ranged fror 3 to 5 mirtes of hot water hyrdration for the preparation of adecuate con-
sistency There were no significant difference s be tareen the tested sarnples. The traditional cooking
process was unnecessary for these types of products processed by exttusion-cooking. & longer
hrdration time (6 - 7 mirates) was obzerved for pasta processed at 120 rpr and 22 - 30% of dongh
moisture content, but it was mostly connected to a higher expansion ratio of pasta threads.
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Fiz. 4. REelaticeships of process outpat, SME valies and expansion ratio of precooked whole
wheat pasta with linear conelation coefficierds in the 25% of confiderce level.
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The statistical analysis of the correlation matriv also showed the relationshipe bebaeer the
tested characteristics. Process outpt increased at a higher SDE walues cheerved daring the ext-
sion-cooking (=079, while the exparsion ratio was significartly dependant on the SWE walues
(r=0.72). The® are no significant irderactions of e xpansion ratio and frocess oatpat (1=0.52). Tlutial
depe ndencies of individual characteristics coresponding to each other are suramarized in Figure
4, allowing  95% of confidence level Correlation coefficients determnined for thess relationships
indicate strong interde pendencies of the evaluated pararneters and characteristics of whole wheat
precooked pasta products. The analysis of wariance revealed sigrificant differences between the
averazes of both the moisture content, and the screw speed during the extusion-cooking at the
0.05 sigrificance level.

CONCLUSIONS

& studsy of the influence of processing parameters like screw speed and dough moisture con-
tent during the extrsion-cooking of precooked whiole wheat pasta allowed o establish the relation-
ships betareen process parameters and product characteristics. The use of the proper moisture con-
tent of raw materials and processing mtensity for the manufachore of whole wheat precooked pasta
using modified single screw extuder TS-45 influenced the low expension ratin which decreased
following an  mcrease of the raoistire content of the raaterial. The SWE recuirernents inereased
with an increase of extrusion screw speed, which increased the expansion of pasta products. The
cutpt of the process increased with an increase of screw speed and it was connected with higher
specific mechanical energy during the extrusion-cooking of precocked whiole wheat pasta products.
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WPLY W N AWILZENLA MAKI PRZENNE] PELNOZIARNISTE]
ORAZ PREDKOSCT WY TEACZANIA NAENERGOCHEONNOSC PROCEST
I EKSPANDOWANIE EKATRUDOWANYCH WY ROBOW
MAKARONOWYCH BEY3KAWICZNYCH

Strerzezende, W opracy preeds Eerlono wyrikl pontarder erergochioimedol proces ekstumi cram elepandoara-
1ma elstud owranych mak avcocowr bk aricmeehowr vbr arzarmeh = mak pezerme) pehomarinste. Whad amach
zastosowrann rogay stopieh naarilsenia gkl pelnomianste] w zalmes 1s wilgotmodel od 22 do 36%. Elstnimge
wyrohdw makarononrych prow adzono w jednodlimakowyrm anodyfkosr aym elstuderse To-450 LIT=E1E:]L
[rey astosourarin mdanicoarane] predkoded chrotorre] §limaka 80, 80, 1001 120 chrnn' . Ekstrumje wyrdhéor
makearonoaryeh prowradmone wozalresie terperatey 80-100°C) wyttacmjae makarony o foenme nitek pemez
matyre = 12 oterorad o sredwmey 0,8 nun W ozalesmdel od zastosowranyrh obrotder flimaka oraz wilzot-
NoFCL FIFCW OO WYShacZano wydgnosd procesl, jednosthosre mpotmbowaue anergil mecharuceme SME
crazwrskamnk ekspard oarania prommemorezo mak aronder. Wil gnedd procesu ekstumi podezas wvhar a=ana
makaronder pelomamisteh mariekszala sie wraz = wmostem zastesowranyeh obrotder slimmaka whoozago,
o ks e wilotodel suoercder wdyrelo na chrgene wirdanodcl proces. Wartodel S MEwynosiby od 0,07
do 0,24 KWhle ™ iumalemione byly zandarno od wilgotod d swoarcder, jak i od predlodel wnrttaczaria maka-
romcar, Wskazmnk eks pandorarna prommernicvrezo makaonor mwnekszal sie wraz = zastosowranymn o otann
podezas wyttanmona, s tosoer e wysszyeh wilgotmodel saroarcder wibparato na ograiczarte ekspand oarania
wyrchdwr makaronoeryeh pehomannstrch

Slowa lhwrowe: ekstruzja, mak awon bl kawnemny, maka pehomamista, SME, elspandosrarie



