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Abstract.

The effect of D.I.C. processing conditions on rlegatal and cooking properties of
commercial fresh egg pasta was studied. The mecdilgmioperties of pasta before and
after cooking were evaluated by empirical test endracterized by maximal apparent
force (Fmay and apparent relaxation coefficient (ARC). Stuual (apparent density) and
cooking quality were evaluated by determinmgss ratio (W/Wq)optimal cooking time
(OCT), swelling index (SI), solid, soluble and tataoking losses (TCL) and compared
to untreated pasta. The hydrothermal treatmentechuasreduction in firmness and
relaxation capacity of treated pasta. The incredsprocessing conditions induced a
decrease of fax and the processing time has an influence whes aissociated to the
low pressures. The values of ARC vary from 51% reated pasta) to 37% (D.I.C.
treated pasta). The increase of processing timme 80 to 60 s does not seem to have a
significant influence on ARC. The apparent densitytreated pasta is function o f
processing pressure and time but it is always |dteen untreated pasta density. Treated
pasta had a higher quality score based on watpti@orand Sl and matter losses (TCL
values and solid and soluble losses) as comparnedtteated pasta.

Abbreviations:

ARC, Apparent Relaxation Coefficient;

D.I.C, “Détente Instantannée Contrélée”: instantarsecontrolled pressure drop
DM, Dry Matter

OCT, Optimal Cooking Time

SI, Swelling Index

TCL, Total Cooking Losses;



1. Introduction

Pasta, is one of the most consumed foods in thdeworld, and it is a traditional
product obtained from semolina. The most approprateal for the production of high
quality pasta products is durum wheatiticum durum) (Feillet and Dexter, 1996). The
commercial fresh pasta is most often made with miwwheat, pasteurised fresh egg and
water, about 35% on a wet basis, and thereforallisccfresh pasta to distinguish it from
the dry pasta (11.5% w.b.). The eggs in the pastdten its color, add flavour, and
give more nutritional value to pasta (lametti et 8999).

Quality of dried pasta has been improved by somdrdtlgermal treatment and
several studies have been made on dried pastadrbgitthermal process. Abecassis et
al. (1986) noted that pasta previously dried at@7/had an improved cooking quality
and color after a short hydrothermal treatment@t'®. According to many authors,
(Baiano et al., 2006; Guler et al., 2002; Zweifelak, 2000; Abecassis et al., 1989;
Dexter et al., 1983) high temperature drying imgebwooking quality of dried pasta.
This quality has been shown to be highly influenbgdtarch gelatinization and protein
network formation (Riva et al., 2000; Yue et aP99; Fardet et al., 1999; Resmini and
Pagani, 1983). The structure of cooked pasta gehargoverned by the presence of a
structured protein network (Walsh and Gilles, 19Zyeifel et al., 2000 showed that
the high temperature dried pastehibited a smoother and more compact surface and a
higher breaking strength than low temperature dpasta. According to these authors,
the formation of a tight protein network improvée embedding of the starch granules

on the surface and it results in a stronger stractu



However, these studies were made on dried pastardpdew published papers exist
on the application of hydrothermal treatment oflfrgpasta. Alamprese et al. (2005a)
have studied the influence of egg pasteurisati@hthe thermal treatment of fresh egg
pasta on the protein network. The authors fountdttteindustrial pasteurization of eggs
does not affect the rheological and functional abtaristics of pasta, but the double
thermal pasteurisation of egg pasta deeply infladnts structural characteristics. The
study carried out by Alamprese et al. (2005b) slibevgreat variability in rheological
and functional characteristics of commercial fregly pasta. The authors attributed it to
the difference of theintensity of heat treatments undergone by pastangluthe
production process. Maache-Rezzoug and Allaf (20@B)e studied the effect of a
hydrothermal treatment called D.I.C. (Instantane@uatrolled Pressure Drop) on fresh
pasta. This recent process has been developedatentqd by Allaf et al (1993) and
consists in a short pressurisation of product fodld by a sudden pressure drop towards
vacuum pressure. This treatment was used in a time to obtain puffed dried
vegetables or fruits with quick rehydration (LoukEQ96; Nouviaire et al., 2001).
Indeed, the decompression towards vacuum duringCDtreatment induces a rapid
modification of the thermodynamic equilibrium readhduring the pressurisation
(P, T1) towards an other equilibrium state,(R). This change of thermodynamic
equilibrium state can create a complex processioforalveolation within the matrix.
The effect of D.I.C. treatment was also studiedhgdration of various materials as
schleroglucan (Rezzoug et al, 2000). Applied osHregg pasta, it has shown some
great modifications on their quality: the water @ipsion, cooking time and colour
quality were improved and a modification of themernal structure was observed

(Maache-Rezzoug and Allaf (2005).



The cooking behaviour, which is a critical step §oiality perception is an essential
stage of follow-up of pasta cooking quality and tmest important characteristics
include several parameters. The weight of cookeslap@adicates the water uptake and
corresponds to a macroscopic event involving a dexnmolecular modification of
starch and proteins (Del Nobile and Massera, 2608zza et al., 1994). The cooking
loss, related to solid leaching during cooking iglely used as an indicator of the
overall cooking performance (D’Egidio et al., 198&xter et al., 1983). The texture of
the cooked product has also an essential role enfittal acceptance by consumers
(D’Egidio and Nardi, 1996; OH et al., 1983) andsitcharacterized by its firmness and

resilience.

Firmness of cooked pasta represents the degressistance to the first bite and is
sensorially defined as the force required to patetpasta with the teeth (D’Egidio and
Nardi, 1996).Many testing instruments have been developed tsunegasta textural
characteristics. Walsh (1971) measured the firmmdssooked spaghetti with the
Instron Universal Testing Instrument. Using the saesting machine, Edwards et al.
(1993) compared the texture of cooked noodles ppmtpared from durum wheat
semolina of variable protein content, to providengkes with a different cooking
quality. The Instron peak force measurement wasdda be a more precise indicator of
noodle firmness than was peak energy. The effeatooking time on the textural
properties has been studied by Gonzalez et al.0j200he peak force which
characterized firmness, decrease with increaseingaknd holding time. OH et al.
(1983) showed that the maximum cutting stress asgtance to compression of cooked
noodles measured on the Intsron Universal Testisggument were well correlated with

sensory evaluation of firmness and chewiness oflleso Cuq et al. (2003) describe the



mechanical properties of spaghetti pasta as aimaf water content at different
temperatures. The authors showed that an increasamperature or in water content
induces a plasticizing effect on mechanical propermf pasta, which is controlled by a
phenomenon based on molecular mobility.

The objective of the present study was to compbe¢wious study on D.I.C. treated
pasta with mechanical, structural and cooking dypafieasurements. Fresh pasta (30%
humidity) were treated with saturated steam (1 b@m# during short time (30 and 60 s)
followed by an abrupt decompression toward the wac(50 mbar). The effect of the
two selected process parameters (steam pressugk ded processing time) on the
mechanical characteristics of pasta before and afteking, and on the structural and
cooking quality properties was studied.

2. Materials and methods

2.1. Raw material
Commercial fresh egg pasta (1.3 mm thickness) feosingle commercial source

(LUSTUCRU) was used in all experiments. Thagtiatelle” pasta shape was composed
from semolina of durum wheat, water, fresh eggs @te of 140 g/kg of semolina, and
salt (0.8%). The average moisture content of fexgih pasta was 33.5+0.5 g/100 g. The
tagliatelles pasta were cut into 50 mm length pieces and conéid in sealed bags at 4

°C. The delay between the pasta processing andimgrégs was about 2 days.

2.2. Methods
Analyses of mechanical and functional charactesgstf treated pasta were made

according to the following diagram (Fig. 1).

2.2.1. D.1.C. hydrothermal treatment



The equipment and procedure of D.I.C. hydrothertn@eatment for pasta were
described previously by Maache-Rezzoug and All&08). During D.I.C. treatment,
pasta was placed on treatment reactor in a siagér Without superposition.

A vacuum of 50 mbar is established. This initiatwam facilitates the diffusion of
steam into product and allows its rapid heatingddai, 2006).During a determinate
processing time, saturated water steam is thendated until a fixed pressure level.
The pressurisation is followed by a sudden decosswa towards the vacuum that
induces a rapid cooling and a micro-texturatiothefproduct.

It's the difference between the high pressure lewel the vacuum which determines
the amount of steam generated by flash vaporizatiosh thus the intensity of the
mechanical constraints responsible for the micve@htion phenomenon. After D.I.C.
treatment, pasta moisture content slightly incréadee to absorption of condensed
steam on the surface of product during the treatmen

Typical pressure and temperature-time profileshenD.1.C reactor and the pressure
in the vacuum tank are presented in FigTBe applied conditions were: processing
pressure of 1.5, vacuum pressure of 50 mbar andegsing time of 30 s. The
temperature was measured on-line during DIC treatrbg a thermocouple. In this
study, the processing pressure was varied from4litar (corresponding at 99.93 °C to

143.63 °C) at two processing time conditions (30 &d s).

2.2.2. Moisture content
Moisture content of pasta was determined accordinghe AACC (1995) method

adapted for pasta (i.e., weight measurements @rfyarg at 105 °C for 10 h, milling and

drying at 105 °C for 1h). The moisture content aéfa was measured for each sample



after D.I.C. treatment, before and after mecharacellysis, after oven drying. Results

are the average of three determinations and aressgd as % w.b.

2.2.3. Mechanical properties of pasta after D.I.C. treatment.

Mechanical properties of D.I.C. treated pasta wasrthined as a function of processing
conditions by using an empirical test describehy et al. (2003) and using an Instron
Universal Testing Machine 5543 (Instron, Francd)e Theasures were carried out at
room temperature using a 10 N compression cetréated pasta and 1 kN for untreated
pasta.Five samples of pasta (cut into 50 mm length pieeese placed in a parallel
position onto the measurement plate of the InstPoRlexiglas straight probe (Fig. 3)
was moved perpendicularly to the plate. To avoidiypkation of measure due to
irregular form of pasta (side deformation principgl numeric acquisition started at
yield force of 0.6 N. The apparent force was deteech at constant speed of 0.1 mm/s
until 0.5 mm compression, the probe was stopped mnainhtained at constant
deformation during 35 s to measure the relaxatooe.

The mechanical properties of pasta were estimatedaximal apparent forcef (i.e.
force at 0.5 mm compression).The viscoelastic ptagseof pasta were evaluated by an
apparent relaxation coefficient (ARC): ARC =nikF30)/Fmax Where ko is the force (N)
recorded after 30 s relaxation. Standard deviatias evaluated from 3 measurements

on each sample.

2.2.4. Drying stage

After D.I.C. treatment, all samples were dried bgtunal heat convection in a

laboratory oven (Airlabo, AC 240) at 35 °C untilaching a constant weight. The



moisture content of pasta was reduced fewer th& wWOb The samples were then

stored at room temperature in hermetic bags.

2.2.5. Measurement of structure properties

Measure of apparent density of treated and untiepésta is made after the oven
drying. Because of hydrophilic characteristic abgucts, we used pycnometer with fine
powder (80pm diameter) at fixed density (0.96 gfmAbout 3 g (M) of pasta are
placed in the pycnometer which is then tapped dawechanically (Autotap,
Quantachrome) during the filling of the powder Lmtivolume of 29.35 crhbefore
being weighed (M). Pasta apparent density is calculatedpadd/(M,-pV+M3). Three

measurements were made for each sample.

2.2.6. Cooking properties
2.5 g of DIC treated pasta were placed in perfdrdétex and cooked in 100 ml of

distilled water at 100°C during 20 min. Each minube perforated box is taken out of
boiled water and weighed (time of weighing is naken into account). The same
protocol is repeated for all samples to comparar trehydration rate.The water
absorption for each sample is determinate as thes matio between cooked and
uncooked pasta (MWV,). W, is the weight of cooked pasta at various cookimg tand
W, the weight of uncooked pasta. OCT (Optimal cookiimge) is graphically
determinate for each sample as the time wheMWWE2.27 (Maache-Rezzoug and
Allaf, 1999).

OCT of untreated pasta corresponds to 5 min ofiogaikme. This time is then taken
as reference and all cooking properties of pasta& weeasured at this time. Mass ratio

(W/Wo) where W is the weight of 5 min cooking pastaesedminate for each sample.



Swelling index (SI) was evaluated by drying the i mooked pasta to constant weight
at 105 °C (Fardet, 19983l was expressed as (g of water/g of dry pastaal Tooking
losses (TCL) were calculated as (DM uncooked padid cooked pasta)/DM cooked
pasta; where DM is the dry matter ratio (g of nratt&00g) At 5 min of cooking, the
cooking water was centrifuged at 5400 rpm for 1% rand dried at 105 °C until
reaching a constant weight. The residue was weigimedreported as a percentage of
dry matter of original pasta to calculate solidsloBhe supernatant was diluted until 200
ml with distilled water and 2 ml of this solutiora#/dried during 2 hours at 130 °C. The
residue was weighed and reported as a percentadey ahatter of original pasta to

calculate soluble losses.

2.2.7. Mechanical properties of pasta during cooking

Mechanical properties of pasta (D.l.C. treated antreated) are measured as a
function of cooking time. 2.5 g of pasta were cabke boiling distilled water (100 ml)
at fixed cooking time (3, 4, 6, 8 and 10 min). Rasas rapidly cooled during 1 min in
fresh water, drained during 2 min on filter papeeguilibrate, weighed and placed on
Instron measurement tabl&he mechanical properties were measured according t
described method in paragraph 2.2.3.Ki.e. force at 0.5 mm compression) and ARC
(Apparent Relaxation Coefficient) were determinedfanction of cooking time and
processing pressure. After rheological tests, sasnplere weighed again to verify that
water content did not change during analyses. Tindependent replications were made

for each test.

3. Results and discussion

3.1. Mechanical properties of D.I.C treated pasta.



The effect of hydrothermal treatment on mechanpcaperties of fresh egg pasta is
illustrated by the differences between the expemialeforce-time curves of treated
pasta, at specific processing conditions, by comparwith curve of untreated pasta
(Fig. 4). Pasta was characterized by apparent éftroe” curves performed at
crosshead speed. The first part of curves showstitease of force value during the
compression of pasta. Strength increases until &inmen value (Ray, then the
deformation is suddenly stopped and the changeomfefas a function of time is
recorded. A typical relaxation curve was obtaint, force decreases gradually until
reaching an equilibrium value. These relaxationvesrare characteristic of solid
viscoelastic behaviour, and the relaxation of mal®rdepends on their molecular
structure.

The maximal apparent forcenk is represented as a function of processing pressur
for the 30 s and 60 s treatments in Fig. 5. Thelteshow that the increase of pressure
conditions induces a decrease of maximal appamoe f(F.ay. For untreated pasta,
FmaxWas of 16 N whereas for treated pastaFanged between 3 and 6 N. Although the
processing time were very short (30 and 60 s) tleeteof D.I.C. treatment ongx was
important, and mainly at the time it was associaedow pressures levels. The
reduction is very drastic even when the pressumdieal were about 1 bar. The
consequence of D.I.C. treatment is the reductiofirofness of treated pasta which
behaves as soft materials especially when presshigher.

In the same way, the apparent relaxation coeffidemepresented as a function of
processing pressure for 30 s and 60 s treatmerigyiré. The fresh and hydrothermal
treated pasta behave as a viscoelastic material ARC of fresh egg pasta was of 51%.

This value is close to that obtained by Cuq ef20103) on spaghetti at 30% of moisture

10



content (close to 50%). For DIC treated pasta, ARlies vary from 46% to 37%.
These results show that D.I.C. treatment reducesrapt relaxation coefficient. The
same tendency is observed at 30s and 60 s treatmecrtease of processing pressure
involves a decrease of ARC until a pressure valbherar ARC is minimal and above
which, ARC tendency is inverse (increase with pressncrease). However, increase
processing time to 60 s has an impact on the ARgasfa that becomes lower than for
30 s treatment.

Statistical analysis have been realised with Saptgcs software without taken into
account results for untreated pasta. The multifastariance analysis shows that
parameters (pressure and time) have significaeicefin maximal force changes (P-
value of 0.0005 and 0.0163 respectively) and on AR&alue of 0.0051 and 0.0185
respectively for pressure and processing time). rEt@&ionship between mechanical
properties (maximal force or apparent relaxatioeffocient) and processing pressure
can be described with a second degree polynomidkemo
y(P)=a+bxP+cxP? Eq (1)

Coefficients of the model are resumed in Table He odel fitted well experimental
data. The model shows that minimal values of f@é apparent relaxation coefficient
are obtained at the same pressure, 3.6 and 2fBritae processing time of 30 and 60 s,
respectively (Fig. 5 and Fig. 6).

In order to make sure that observed variation g &1d ARC are only due to the
effect of D.I.C. processing conditions (pressural dime), we have verified that
moisture content was not modified by the hydrothenmreatment. Moisture content was
carried out just before Instron analysis and theults showed that D.I.C. treatment

modified moisture content of pasta but only in Ipvoportion (from 33.16% to 36%
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w.b.) (data not shown). This increase is due tmigdti®n of condensed steam on the
product surface during the treatment. However, eladéncy seems to be apparent
between moisture content and the evolution gfiBr ARC. According to Cuq et al.
(2003), this interval of moisture contents variatioes not have a significant effect on
these two parameters.

It is known that pasta firmness is based on pratircture (Alamprese et al., 2005b)
and composition formed during pasta production el et al., 2005). The
hydrothermal treatment involves a decrease of fassnand elasticity when the D.I.C.
conditions were intens@he high DIC conditions associated to high moisttoatent
cause an excessive swelling of starch granuless¢laet al., 2006)According to
Resmini et al. (1988) the excessive swelling afcstgranules has a consequence on the
break down of the protein network and a decreagbdarcooking performance. We can
suppose that network protein is modified by swegllstarch granules during D.I.C.
treatment.

The D.I.C. is a thermal treatment at high pressbwé it's also associated to a
mechanical effect obtained by a sudden decompressiovards vacuum. This
mechanical effect could induce a mechanical distorof protein network that is not
present with classic thermal treatment, it wouldnb@re important than the pressure

level is high.

3.2. Structural properties of D.I.C. treated pasta.

In Fig. 7, the apparent densities are presentddration of processing pressure for
30 and 60 s of processing time and the value atated sample is used as reference.
For all D.I.C. conditions, treated pasta, eventlar lighter conditions (1 bar and 30

s), has lower density than untreated pasta ¢/cn). These results show that a micro-
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alveolation was created during decompression. Tmaency for 30 s and 60 s
treatments are the same until 3 bar: the appasatity decreased slightly as processing
pressure increased. Above a certain pressure (3 fesults of apparent density are
opposite for 30 s and 60 s treatment. Whereas eppédensity increase for 4 bar 30 s
(0.92 g/cm), it seems to stabilize at lower value (0.73 dcfior 4 bar 60 s. The
structure of pasta treated at 4 seems to be mposg#tige to the treatment time.

Effect of processing pressure and processing timehes micro-alveolation was
studied by a statistical analysis. The results shibat processing pressure has a
significant effect on apparent density (P-valuedd@f297) whereas processing time has
no significant effect (P-value of 0.2083). Fittingf curves was made with a
mathematical model of second degree polynomial tyibout taken into account
untreated pasta. Equations of model and regressiefficients are given in figure 7 for
30 s and 60 s treatments.

This phenomenon of alveolation is due to the pmessdrop involving a
thermodynamic disequilibrium. This phenomenon is renomportant when the
difference between high and vacuum pressures igriapt. For 4 bar of processing
pressure, mechanical effect could have more impgamt thermodynamic effect of
alveolation, all the more that short processinget{80 s) is not sufficient to allow to the
product to reach the equilibrium temperature befopeessure drop. The
nonhomogeneous heating of the product can creadapse of the structure instead of
its expansion. This time to reach the equilibriuemperature was estimated in a
previous study by Zarguili et a(2006) on standard maize starch at 80, 70 and 60
seconds for respectively, 1, 2 and 3 bar, for ektiéss of 0.5 cm. Then, at the opposite,

for 60 s treatment, temperature equilibrium is heac and pressure drop has an
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expansion effect. Thymi et al. (2005) showed in $aene way that the increase of
temperature can cause the decrease of the derfiseiytroded corn’s grits, resulting
higher porosity.

As density increase, firmness and ARC of pastaedser. The modification of
apparent density during D.I.C. treatment can haveangpact on maximal force and
apparent relaxation coefficient. The increase ofisdg is due to the creation of
alveolation. The presence of cavity and little bubbles involve a structure less
compact and lead to a decrease of firmness. Therapirelaxation coefficient seems to
evaluate as density: it decrease until 2.8 bar iantkase for 3 and 4 bar for 30 s
treatment. Air within pores created during D.l.€atment could improve elasticity of
product. A study of porosity (distribution, sizgpé) is necessary to determinate direct

impact of density on mechanical properties.

3.3. Cooking quality of D.I.C. treated pasta

The results of cooking performance of D.I.C. trdgpasta compared to the control
using the optimal cooking time (OCT) and pasta atigristics at 5 min cookingnass
ratio (W/Wo), swelling index (SI), solid and soluble lossesalt@ooking losses (TCL)
are presented in Table 2. The mass ratio (y/Wepresents the capacity of pasta to
increase its global mass at 5 min cooking. WfaKes into account of water absorption
but also the total cooking losses. We can obseneg¢, for 60 s treatment, WV
increases when the processing pressure increase2 har, and for higher pressures an
opposite effect occurred.hese results confirm a previous study reportedviaache-
Rezzoug and Allaf (2005) who explains this decrelagethe disruption of protein
network when high pressure is applied. As mattes toes not increase with increase of

processing pressure whereas mass ratio decreaspe$sures higher than 2 bar, that
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can signify that beyond the pressure of 2 bar theemsorption capacity was reduced for
treated pasta.

A recent study (Zarguili, 2006) on DIC treatmentstdndard maize starch showed a
reduction in the sorption capacity of treated $tafiar 2 bar and 30 min of treatment
time. According to Mazza and Lemaguer (1980), cited bywilhtaseb et al. (2004) the
decrease of sorption capacity is due to a reduatidhe total number of active sites for
water binding, consequences to the physicocheminalifications induced by
temperature.

For the two studied processing times (30 and 6€ths)pptimal cooking time (OCT)
follows the same tendenc@QCT of treated pasta was reduced as processingupees
increases until 2 bar for 30 s and 3 bar for 60f sreatment time. Beyond these
pressures, OCT increases but its value remainsvbiat of untreated sample that is
equal to 5 min corresponding to a ratio of 2.27iaBa et al. (2006) has showed that
quality characteristics of pasta during cooking evenproved as drying temperature
increased. These authors suggest that pasta drieghatemperature (90 °C) absorbs at
the optimal cooking time less water than thoseddia¢ low (60 °C) and medium
temperature (75 °C) thanks to the gluten networlt tmade less available to
imbibitions.

The values of swelling index (SI) of treated pa&t&0 s showed a slight difference
with untreated pasta. If we take account of measolale error, the pressure level
associated with a processing time of 30 s doesfiett SI, but at 60 s, S| decreases
with increasing pressure until 4 bar. From thisspuee value, SI becomes constant and
almost identical to Sl values obtained at 30 s. @k&ermination of pasta cooking

quality is more dependent on a continuous proteitwark than the physicochemical

15



properties of gelatinized starch (Riva et al., 20@welling of cooked pasta is mainly
due to the hydration of protein. During the cookitige protein network is impacted by
starch swelling. Few studies exist on the prot&itwork changes of fresh pastiring
cooking.

Globally, matter losses of treated pasta are IdWwan raw pasta. In contrast to the
previous study carried by Maache-Rezzoug and ARADS), the matter losses (solid
and soluble losses) are not more important at pighsures, but they decrease regularly
as a function of pressure. According to Alampresal.e(2005a), the heat treatment of
pasta causes denaturation of proteins, leadingstiffaning of pasta structure, with a
consequent reduction in the matter loss during icmpk he influence of treatment time
is effective on solid and soluble losses (TableAt)the same pressure values, these
losses are more important at 60 s than 30 s dhtiesd time.

At the two treatment times, the increase of preskads to a decrease of total losses.
When Sl increases or stabilizes with the increas@ressure whereas total losses

decrease, this signifies that pasta absorb morerwatl lose less dry matter.

3.4. Mechanical characteristics of D.I.C treated pasta during cooking

Study of mechanical properties as a function okewptime was primary carried out
on fresh pasta. Fig. 8 represents the typical cuo¥eintreated pasta cooked at different
time (3, 4, 6, 8 and 10 min). As expected, whenkoaptime increase, Jax Of fresh
pasta decreased from 5.13 N to 3.19 N. It is du¢héoabsorption of water during
cooking. During the beginning of cooking, absorptiof water involves swelling of
starch granules embedded in protein network. Akiogotime increase, gelatinisation
of starch will increase and some granules will ufpsrinvolving leaching of amylose.

This leaching material forms a new network withtpno and this modification induces

16



a decrease of firmness in pasta. ARC values als@dse during cooking from about 45
% to 31 %. This decrease shows a modification stoelastic properties during
cooking. According to Feillet (1988), semolina @iot are linked together by disulfide,
hydrogen, and hydrophobic bonds to form a matrikjctv gives cooked pasta its
viscoelastic properties. The continuity and strengft protein matrix is depend on the
nature of inter- and intramolecular bonds. Durirmpking, the swelling of starch

granules and the dilatation of protein chains mawe gnore elasticity to the entire

network.

To see the influence of processing pressure in malxapparent force &y and
apparent relaxation coefficient (ARC) during coaket various time (3, 4, 6, 8 and 10
min), results of four D.I.C. treatments at differ@nessures and at fixed treatment time
(60 s) are resumed in Table 3. It shows thai Bnd ARC of D.IC. cooked pasta also
decresase during cooking but they are always |olaar untreated pasta. Indeegqfof
treated pasta minimal values vary from 3.98 N foni@ cooking to 2.62 N for 10 min
cooking. ARC values minimal values vary from 34.68% 3 min cooking to 29.19%
for 10 min cooking. The influence of D.I.C. treamh®n mechanical properties can be
linked to the modification of water kinetics abstiwp. As treated pasta rehydrate faster
than untreated pasta, at the same cooking timerwantent of D.IC. pasta are higher
and have “overcooked” mechanical properties (lofretness and ARC) compared to
untreated pasta. The influence of processing pressunot the same forg and ARC.
Whereas processing pressure is significant fQk fariation (Pvalue at 0.004), it is not
really significant for ARC variation. For short dang time, F,ax seems to be lower for
low processing pressure than for high pressure he¥e seen that increase of pressure

at 60s involves an increase of alveolation, bui alslecrease of swelling index (SI) and
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total cooking looses (table2) probably du to thiéngtss of pasta under highest pressure.
This tendency seems to be confirmed with the highakies of firmness obtained

generally at 2 and 3 bar.

4. Conclusion

The analyses carried out on D.I.C. treated pastaveth that the rheological, structural
and cooking properties of fresh egg pasta were imddiconsiderably after
hydrothermal treatment. Rheological measurementseated pasta indicated a decrease
in firmness and relaxation capacity of pasta whengrocessing pressure increases in
comparison with untreated pasta. As expected tbeegsing pressure had the greatest
effect on mechanical, structural and cooking cheratics. Maache-Rezzoug and Allaf
(2005) already showed by using response surfackaudelogy that this parameter had a
significant effect on all the response variablegestigated. Under studied pressure
conditions, the fresh pasta was undergoing physmoaldifications resulting in
improvement of water absorption, and thus cookingetand colour qualityincreasing

of pressure level induces a high apparent viscobligroscopic observations showed
that the DIC treatment affects the internal strreeand the state of starch granules.

After cooking, treated pasta behaved differentBntluntreated pasta. They had a high
rehydration capacity and at same cooking timey fiveaness was lower than raw pasta.
Matter losses were reduced whereas absorption ibapad swelling coefficient were
improved. In addition to pasta mechanical and fonet changes, structural
modifications were observed with powder pycnometealysis. Micro-alveolation is

created in the pasta and density is function of@ssing conditions.
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Figure Captions

. 1. Diagram of the different characterisatideps applied to the pasta after DIC
treatment.

. 2. Typical pressure and temperature-time f@odf a D.l.C. processing cycle.
Processing pressure, 1.5 bar; treatment time, 30 s.

. 3. Plexiglas straight probe used to estinfageniechanical properties of pasta.

. 4. Compression-relaxation curves of D.I.Cteda1l and 4 bar processing pressure
at 30 s of processing time) and untreated fresipagta.

. 5. Influence of D.I.C. treatment on maximapagent force (Fay).
. 6. Influence of D.I.C. treatment on appareatéxation coefficient (ARC).

. 7. Apparent density of untreated and D.l.@ated pasta for two processing time
(30 and 60 s). Model regression for 30 s: y = 056kP1- 0,6051x + 1,5648 (R
0.98), and for 60 s: y = 0,054x2 - 0,3545x + 1,3(®5= 0.88)

. 8. Force versus time of untreated pasta medswith Instron Universal Testing
Machine (INSTRON) after different cooking time @3,6, 8 and 10 min).
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Figure 3
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Figure 4
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Figure 7

14
; A 30s

=" 60s
B untreated pasta

Apparent density (g/cn
|_\

0,6
0 1 2 3 4

Processing pressure (bar)

30



Figure 8
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Table 1. Model parameters and regression coefficief a second degree equation
calculated to fit the experimental data in maxinfiaice and apparent relaxation
coefficient as a function of processing pressukg. (1))

2
Processing time (s) Model parameters R
a b c
Frmx
30 8.588 -2.671 0.371 99.96
60 7.546 -2.204 0.305 98.07
ARC
30 54.367 -10.532 1.870 91.36
60 54.030 -11.911 2.143 98.33

Frax » Maximal apparent force at 0.5 mm compression; AR@parent Relaxation
Coefficient.
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Table 2. Cooking characteristics of D.I.C. treatmbta as function of processing

conditions.
D.I.C. processing Rehydration characteristics at 5 min of cookinggt
condition:
Sl .
Pressure OCT W/W, (g water/g dr Solid loss Solubleloss  TCL
(bar) Time (s) (min) matte) (%) (%) (%)
1 3.7 2.38 2.16 1.21 4.24 10.38
15 2.7 2.78 2.19 0.95 3.16 9.89
2 30 3.0 2.68 2.24 0.86 2.02 9.89
3 3.3 2.64 2.24 0.85 1.79 9.63
4 3.6 2.55 2.16 0.58 0.69 8.64
1 2.8 2.75 2.63 1.64 4.62 11.33
15 2.2 2.90 2.52 1.63 4.23 10.35
2 60 2.1 2.96 2.47 1.50 3.83 8.70
3 3.0 2.70 2.22 1.44 3.28 7.76
4 4.2 2.42 2.21 1.44 2.58 7.30
Untreated pasta 5.0 2.27 2.09 1.45 4.61 13.33
Mean absolute error* 0.1 0.08 0.07 0.06 0.14 0.41

OCT, optimal cooking timeW/Wo, mass ratip Sl, swelling index; TCL, total cooking
losses;* mean absolute error calculated with 4tréges at 2 bar and 30 s.
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Table 3. Mechanical properties as a function okauptime of treated pasta at different

pressures and at 60 s of treatment time.

Mechanical properties of cooked pasta

Fmax (N) Apparent relaxation coefficient (%)
Cooking time (min) Cooking time (min)
Processing 3 4 6 8 10 3 4 6 8 10
pressure (bar)
1 403 282 277 253 254 4251 39.10 33.12 31.27 29.19
15 398 348 290 314 283 3480 3420 30.66 30.63 29.68
2 436 325 353 283 262 34.63 3538 32.86 3498 31.68
3 442 394 333 3.22 3.05 34.88 3354 3196 35.76 34.82
Untreated  5.13 4.39 3.71 3.29 3.19 4494 41.17 36.80 33.60 31.62
pasta
Mean 0.01 0.21 0.23 0.47 0.11 141 1.54 1.32 2.19 0.52
absolute
error*

* mean absolute error calculated with 2 repetitiforauntreated pasta
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