J. Agric. Sci. Mansoura Univ., 29(5): 2623 - 2634, 2004

RELATIONSHIP BETWEEN COOKING WATER RESOURCES
AND TYPES OF SEMOLINA AND COOKING QUALITY

PARAMETERS OF SPAGHETTI

El-Faham, Sawsan Y.* and E. l. Yousif"*

* Food Technology Dept., Food Technology & Nutrition Div., National
Research Center, Dokki, Cairo, Egypt.

** Food Science Dept., Faculty of Agric., Ain Shams Univ., Shoubra Ei-
Kheima, Gairo, Egypt.

ABSTRACT

The ‘influence of cooking water contents on retention of minerals and
cooking quality parameters of spaghetti prepared from durum semoiina, wheat flour
and their blends {1:1) were investigated by using four cooking waters (Al-Remayah,
Belbees, tap water and distilled water) varying in minera! composition. Cooking water
analysis confirmed that Belbees and Al-Remayah well waters contained considerable
amounts of sodium and calcium being 265 and 208 ppm for sodium and 52.7 and 32.7
ppm for caicium, respectively. Semolina Sohag-containing spaghetti exhibited higher
contents of iron and manganese. Type of cooking water and type of spaghetti
samples show significant cormrelations to iron, manganese and copper contents,
meanwhile, no significant interactions between the type of cooking waters and type of
spaghetti could be detected on the potassium, sodium, calcium, magnesium,
phosphorus and zinc contents of cocked spaghetti. A significant interaction of type of
cooking waters and type of spaghetti were observed for swelling index(Sl), cooking
weight {CW) and cooking loss {CL). The alkalinity of the Belbees and Al-Remayaha
water did not appear to affect the quality of the products such as (Sl) and (CW),
however, adversely effect was noticed for the (CL) for samples cooked in Belbees
water. Wheat flour-containing spaghetti exhibited the same improvement in {SI) and
{CW). The overall acceptability by sensory evaluation correlated significantly with
source of cooking water and type of blends. Finally, this research, required further
studies to allow more complete understanding of the generat relationships shown.
Keywards: Semolina, Wheat flour, Cocking waler, Spaghetti, Mineral

Content, cooking quality, Sensory evaluation

INTRODUCTION

Several researches have shown that, with increased water hardness,
cooked spaghetti has higher stickiness values (Menger,1980; D'Egidio ef
al 1981, Dexter ef a/,1983 and Seibel et a/,1985), higher total organic
materials in the rinse and cooking waters (D'Egidio et a/ ,1981 and Seibel et
al,1985) and higher cooking losses (Dexter et af,1983).

High ievels of calcium and magnesium in the cooking water can adversely
affect spaghetti cooking quality (Menger, 1980 and Oh et a/, 1985). Sodium
also has a minor effect on surface characteristics of spaghetti (Menger, 1980
and Siebel et al, 1985), although D'Egidio et af {1981) reported no effect. Irani
{1994) demonstrated that cormrelations were established between pairs of
characters which showed that high macaroni quality was dependent on
protein and gluten contents of grains. Suzuki et al (1999) concluded that
cooking loss is one important reason why the chemically analyzed mineral



El-Faham, Sawsan Y. and E. I. Yousif

values for diabetic diets are often lower than the calculated values. ltis
necessary to take care in the preparation of food to minimize the cooking loss
of those minerals which are likely to be insufficient specially with low energy
diabetic diets. Durum wheat has the hardest grain texture and is suitable for
pasta and semolina production, because of high vitreous grain combination of
storage protein and yellow pigments (Atli and Ekiz, 2000).

Other workers have demonstrated the importance of cocking water pH on
cooking quality of pasta. Alary ef al (1979) and Abecassis et al (1980) noticed
that decreased surface disintegration and stickiness and lowered cooking
losses of spaghetti by adjusting the pH of mineral water to 6.0. Abecassis et
al (1980) also adjusted the pH of distiled water and found that spaghetti
cooking quality peaked at pH 6.0, on another side of this pH, quality were
declined.

Seibel ef al (1985) revealed that weakly acidic cooking water gave good
sensory quality and decreased total organic materials levels. Oh et al (1985)
indicated that surface firmness of noodles decreased rapidly and cooking
losses were increased when pH be more. than 8.0. Surface firmness and
cooking loss were not affected at pH 6 - 8. Seib et af (2000) showed that type
of wheat affected the quality of pasta and noodles. Crosbi et al (1992), Jun et
al (1998) and Hatcher et af {1899) supported these observations. Moreover,
Seib et al (2000) emphasized that the alkaline salt is able to boost the uptake
of water in the cooked nocdles.

Ideally, the cooking water used in the assessment of spaghetti
cooking quality characteristics should be typical of what is used in the
marketplace and permit discrimination between spaghetii samples.

Using distilled water for water at pH 6.0 is not recommended because it might
not allow adequate discrimination between spaghetti samples.

~ Using artificially hardened water is a practical solution because local
water supplies differ from region to another and may fluctuate from season to
season.

Therefore, thus research was designed to evaluate the effects of
cooking water composition on the cooking quality of spaghetti and to show
whether spaghetti prepared from semolina Sohag, wheat flour, and their
blends behaves the same as spaghetti made from durum wheat semolina
(Regina).

"MATERIALS AND METHODS
Materials
Selection of cooking waters

Four types of water were selected for research, tap, distilled and two
types of well water. The first source of well water was obtained from a few
kilometers west of Al-Remayah square, Giza Governorate, Egypt. The
-second - source of well water was obtained from Belbees, El-Sharkia
Governorate, Egypt

Sufficient quantities of all cooking water were collected and stored
prior to experimentation to ensure that any differences observed were not
due to any day-to-day variations in the water quality of the tap, distilled and
well waters.
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Source of samples

. Durum wheat semolina (RS) was obtained from the Egyptian Company
for pasta industry (Regina), £i-Sadat City, El-Minufiya Governorate, Egypt;
locally wheat semolina (SS) was obtained from Upper Egypt Milling Company
(Sohag), Sohag Governorate and wheat flour (WF) was obtained (72 %
extraction) from North Milling Company., Cairo, Egypt.

Spaghetti processing and quality evaluation
Preparation of blends
Semolina Regina (SR), Semolina Schag (SS), Wheat flour (WF) and
their blends [SR+SS (1:1), SR+WF (1:1), SS+WF (1:1) and RS+SS+WF
{1:1:1}]. A total 1000 g of each blend was prepared.

Spaghetti processing

Spaghetti was prepared from {SR), (SS), (WF)® and the different blends
in the laboratory by using (Titania, spaghetti making machine, italy), water
was added stepwise to the aforementioned samples with constant agitation to
obtain the right consistency of the dough. Mixing time ranged from 4 -6 min at
30 revolution/min to-get a plastic homogeneous mass. The Dough was
kneaded and passed through the rollers of machine. Spaghetti was cut by the
knife to desired lengths, hardened by allowing to stand for 20 min in air,
dehydrated in a dryer at 40 °C 7 2 for 24 hr, then was packed in polyethylene
pages and stored in dry place till analysis.

Analytical and cooking tests

A portion of each of uncooked and cooked spaghetti for minerat
analysis were dried at 70 °c, then ground in a stainless steel mill and digested
according to Chapman and Parait (1978) using acids mixture consists of
nitric, perchioric and sulforic acids in the ratio of 8:1:1, respectively.
Phosphorus was photometeric determined according fo the vanodate
molybdate method of Jackson {1973). Potassium and sodium were measured
in the digest by using Pendorf Flame photometer. Magnesium, iron,
manganese, zinc and copper were determined using Atomic Absorption
Spectrophotometer, Berkin Elemer 1100,

The cooking quality of the spaghetti were measured according to Dexter
el al (1983) as follows: § g in 5-cm strands of each of prepared spaghetti was
added to 100 of each boiling tap, distilled, Al-Remayah and Belbees water.
Samples were cooked in 250-ml glass beakers to its optimum cooking time
{min), which was defined as the time required for white core in the center of
strand to disappear. This was determined by removing a strand from the
cooking water and crushing it between two glass plates.

All spaghetti cooking tests were recorded in duplicate. Each sample was
cooked till optimum cooking time and dried 2 min in a strainer placed over 2
beaker. For the rinsing treatment, cold water was poured gentily over the
drained spaghetti in the strainer and the spaghetti was drained an additional
2 min. Each cooked spaghetti sample was weighed immediately after being
drained and recorded as a cooked weight of spaghetti in gram. Cooking loss
was determined by collecting the rinse water in reweighed glass beaker,
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which was placed in an air oven at 100 £ 3 °c and the water evaporated to
dryness. The residue was weighed and expressed as a percentage of original
spaghetti weight Swelling index was recorded from the ratio of water
displacement of cooked spaghetti divided by water displacement of an
equivalent amount of uncooked spaghetti.

Sensory evaluation

The cooked spaghetti samples in tap and Belbees waters were
chosen for sensory evaluation. Spaghetti samples were cut to 5 — cm lengths
and cooked in tap or Belbees water for optimum cooking time, Samples were
coded with three digit numbers and presented individually in random order.
A10 staff member, untrained pane!l evaluated samples of the cooked
spaghetti. Panelists used hedonic Scale 9-point scale with (1= dislike
extremely and 9- like extremely) to evaluate color, flavor, stickiness,
tenderness and overall acceptability according to (Larmond, 1970).
Evaluation was conducted over a period of the three days, with two sessions
per day. Panelists rinsed their mouths with water between samples.

Statistical analysis.
Data were subjected to the proper statistical analysis using the
methods described by Snedecor and Cochran (1980).

RESULTS AND DISCUSSION

in selecting cooking waters for the research, we respected previous
reports that cooking water characteristics, particutarly hardness, influences
spaghetti cooking properties (Menger, 1980 and D'Egidic et al, 1881).
Cooking water analysis confirmed that Belbees and Al-Remayha well water
contained considerable amounts of sodium 265 and 208 ppm and calcium
being; 52.70 and 32.70 ppm, respectively. Meanwhile, Al-Remayah water
contained a higher levet of potassium 17.70 ppm, followed by Belbees water,
being 10.20 ppm (Table,1).

Table(1): Electroconductivity (EC),' pH and mineral contents (ppm) of
cooking waters,

E Minerals| Al Remaya Belhees Tap Distifled
lends Water Water Water Water
c 1.90 1.70 7.70 7.10

PH 8.60 8.40 0.10 0.03
Potassium (K) 17.70 10.20 4.35 N.D *
nesium (Mg) 5.20 5.12 3.52 N.D*
odium (Na) 208.00 265.00 22.70 4.00
ICalcium (Ca) 32.70 52.70 Tr. Tr.
ron {Fe} Tr, Tr. Tr, Tr.
anganese (Mn) Tr. Tr. Tr. Tr.
nc {(Zn) Tr. Tr. __Tr Tr.
Copper (Cu Tr. Ir. Tr. Tr.
Ec=Elsctroconductivity N.D= Not datected Tr.= Traces
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The tap water was intermediate in composition between the Belbees, Al-
Remayah well waters and the distifled water. From the other side, the pH and
electrical conductivity (Ec) for each of the four types of water are provided in
the same table. Al-Remayah and Belbees water are alkine {(pH 8.6 and 8.4,
respectively) when compare to the tap and distilled water (pH 7.7 and 7.1,
respectively).

The macronutrients (%) and micronutrients (ppm) of spaghetti
prepared from Regina, Sohag semolina (SR, SS), wheat flour (WF) and their
blends are recorded in Table (2). Generally, spaghetti prepared from
semolina Sohag (SS) exhibited higher contents of iron and manganese, being
52.5, 15.2 ppm, respectively, than the other spaghetti samples i.e (SR) and
(WF). The concentration of potassium and magnesium in the spaghetti
prepared with (SR) and (S8) are higher than spaghetti prepared from (WF).

Table 2: Macronutrients (%) and Micronutreints (ppm) of uncooked
Spaghetti prepared from Regina ,Sohag semolina, Wheat Flour
. and their blends.

Minerals Macronutirients Micronutrients -

Blends ' Ca K Mg | Na Fe Mn Zn
Semolina Regina (SR) | 0.01 { 021 | 0.17 ] 0.03 | 28.50 | 13.60 | 34.00
emolina Sohag (S$S) { 001 | 0.20 | 0.16 | 0.03 | 52.50 | 15.20 | 29.60
heat Flour { WF) 001 |1 014 | 041 | 0.03 ] 24.00 | 1440 17.20
R+SS(1:1) 001 10211 016 } 003 | 4200 | 13.60 | 29.60
R+ WF (1: 1) 001 } 0.18 ] 0.16 | 0.03 | 30.00 | 12.80 | 24.80
1S5S+ WF { 1:1) 001 | 017 | 0.4 | 0.03 | 57.00 | 14.40 | 32.00
SR+SS+WF (1:1:1) 0.01 | 018 | 0.18 | 0.03-] 34.50 | 16.00 | 22.60
SR = Semolina Regina §S = Semolina Schag WF = Wheat flour

Furthermore, all spaghetti samples under research have the same
content of caicium and sodium (Table, 2). The mean values of macro and
micro-nutrients of spaghetti prepared from (SR), (SS), (WF} and their blends
after cooking in  tap, distiled, Belbees and Al-Remayah waters are
summarized in (Table, 3). Calcium and copper contents of spaghetti samples
cocked in tap water were higher than those cooked in other type of cooking
waters (Table, 3). Elbow macaroni cooked in unsaited tap water contains
more caicium than that coocked in distilled water; other minerals were not
affected by type of water and addition of salt (Albrecht et al, 1987).

in conclusion, type of cooking waters and type of spaghetti samples
show significant correlations to iron, manganese and copper contents,
respectively. On the other hand, no significant interactions could be detected
between the type of cooking waters and type of spaghetti on the potassium,
sodium, calcium, magnesium, phosphorus and zinc contents of cooked
spaghetti samples under research.

Mean values of swelling index (SI), cooking weight (CW) and cocking
loss (CL) of semolina, wheat flour-containing spaghetti as influenced by the
type of cooking waters and type of semolina, wheat flour and their blends are
presented in Table 4. Generally, significant interaction of type of cooking
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waters and type of spaghetti were observed for (Sl), (CW) and (CL) (Table,
4). The hardness of the Belbees and Al-Remayah waters slightiey affect the
quality of the products, such as (Sl) and (CW) in all spaghetti samples under
research. Nevertheless, adversely affect was found for the CL, whereas,
higher cooking losses were noticed for spaghetti samples cooked in Belbees
water. These effects may be attributed to the greater alkalinity and hardness
of the aforementioned source of water, and the up going source of water
would be expected to solublize starch to a greater extent than the other
sources of water under investigate during cooking accounting for the greater
cooking loss. These results agree with those of Dexter et al(1983) who
observed higher cooking losses for durum spaghetti cooked in well water
than in tap water. The cooking loss of durum spaghetti cooked in mineral
water was reduced by lowering the pH (Alary ef al, 1979). Cocking losses
were relatively low for pasta-like products: 13.5 and 5.7 % for mung bean
starch vermicilli andrice flour noodies, respectively (Mestres ef al, 1988). Lii
and Chang (1981) found only 3.2 % of losses during cookin of mung bean
starch vermicelii. These differences could be related to the water quality.

On reverse, our observations did not agree with Kim ef al (1989) which they
revealed that spaghefti made from durum wheat, when cooked in distifled
water, had higher cooking losses than spaghetti made from hard red spring
wheat, when cooked in hard water. In addition, Malcoimson and Matsuo
(1993) also, reported that spaghetti made from durum wheat, when cooked in
deionized water, had higher cooking losses than spaghetti made from
common wheat, when cooked in the hardest waters. This my be partialty
explained by the differences in pH of the well waters used in this research
and the upgoing studies. Moreover, the calcium (Ca) level of the well water
used in this study was lower than the Ca level of the well water used in
Malcolmson and Matsuo research (1993). This may be significant because
Menger (1980) demonstrated that Ca lowered pH during cooking.

Mean values of (SI) and (CW) of alt spaghetti samples enhanced
markedly for that cooked in Belbees and Al-Remayah in compared from that
observed in tap water and distilled water (Table, 4). The general téndency
was for cooking quality except (CL) to be better with wheat flour, Wyland and
D'Appolonia (1982) reported an improvement in spaghetti cocking quality with
the addition of hard red spring wheat farina to durum semolina. Resuits of the
current study appear to be an increase in cooking loss as wheat flour used.
This was anticipated because of increasing starch damage of wheat flour,
Wheat flour containing spaghetti brought about some improvementin (SI)
and (CW) (Table, 4). These findings confirm the need to use standardized
cooking water when comparing results from one test session to ancther or
from one laboratory to another. These observations are in harmony with
those obtained by Dexter et al (1985) and Malcolmson and Matsuo (1993).

Correlation between source of cooking water, type of blending and
sensory evaluation scores of cooked spaghetti are showed in Table (5). The
overall acceptability by sensory evaluation correlated significantly with source
of cooking water and type of blends. However, the other factors (color, flavor,
stickiness, and tenderness) assessed in the sensory data, did not give
significant correlations (Table, 5).
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Tabia 3 : Mean values of macronutrients (%) and micronutrients {ppm) of cooked spaghettl as infiuenced by the type of cooklng water and type of semolina,
wheat flour and their blonds

rals . 7ypa of cookilg waters and spaghaetti samples
composition Spaghhetti cooked in ditferant typs of watar Spaghetti prepared from u_umplinu.whni Rour and their blends L.S.D % at 5%
TapW. Distilleed Beiboes | Al-Remaya| SR S8 WF | SR+SS | SHWF | SS+WF | SReSS+WF | TCw s TCWxTS
" K - 0.044 0.080 0.043 0.06210.062}0530] 0.055 | 0.053 - 0.054 NS NS NS
. Na 0023 0.010 0.172 0.177 0072,0089}10.095; 0.085 | 0.129 ; 0.100 0.098 0008B] NS N.S
g Ca 0.2150 0.0016 0.0480 0.0480 £0.0291/0.016210.0304; 00375 { 004151 0.0425] 00325 £ 0003 | NS NS
E’ Mg 0.057 0.049 0.07¢9 0.083 0063100737 00581 0068 | 0.073 j 0.065 0.070 0.008 NS NS
= P 0.151 0.150 0.160 0.160 0.173] 0170} 0.130] 0.168 | 0.153 | 0.145 0.153 NS | 0018 NS
g Fe 16.910 30.300 28.700 29,100 1490 37.00]1 20.20] 3550  17.20 | 32.50 2910 0150 1283 | 2223
'é T ] Mn 6.380 8.820 6.740 10.610 848 ) B44 | 906 763 8.87 9.44 6.92 0.007 | 0.053 | 0.093
3 g Zn 12.00 15.80 1.4 i 19.71 2020 17.70] 11.20] 16.70 | 12.40 | 14.50 15.2p 0.046 | 0.0176 | NS
‘E‘; Cu 4110 2210 3.640 2.180 350 | 319 | 200 | 3.81 2.94 2.38 3.50 0.975 | 0.689  0.1948

SR = Semolina Regina
58 = Semolina Sohag

WF = Wheat flour
TW = Tap water

TS = Type of semolina
TCW = Type of cooking water

007 ‘Ae ‘(5)6Z “Mup) ©INOSUBH O§ "ouby
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Table 4: Mean values of swelling index, cooking welght and cooking loss of spaghetti as affected by the type of cooking water and
type of semolina, wheat flour and their blends.

ﬁpe of cooking water and sample blends

Spaghatti prepared from Reglna,Sohag Semolina, Wheat Flour

Typa of Cooking Water and thais Blends LSDuts%
(ooking usiny Type of | Type of
ype Ype
Tep | Distllied| Betbees | Al-Remaya | SR | 55 | wr 5’:‘_155 sn;:vr ss::vr ::'f?_: water | Bends { '"mv;;c:;“ {
: : : ] V) 8)
Swelling ( SI} 3.37| 393 4.91 493 4431413} 500| 3.06 | 523 | 449 4,46 0.24 0.33 0.66
Cooking weight (CW) [29.14( 2499 | 3297 3291 [|28.98]{26.31|34.00| 2499 | 3598 [ 20.03 | 30.70 | 341 | 260 519
Cooing Loss (CL) 10.71} 757 | 16.29 1057 |10.50[10.00|11.50| 1050 [ 12.50 ] 13.501 1050 {1 1.31 | 0.85 1.70
SR = Semaolina Regina
S8 = Semolina Sohag
WF = Wheat flour
40 -
53 BSwelling ( SI}
o 20 & Cooking weight {CW)
'§ ]8 . - B Cooing Loss (CL)
o 3 B : . =
SR SR+SS 1:1 SR+WF 1:1  SS+WF 1:1 SR+SS+WF

Semolina, wheat flour and their blends

Fig {1): Cooking quality of spaghett

1:4:1
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Table 5: Sensory evaluation of spaghetti prepared from different blends '
and cooked in two types of water.

T::;:e‘:f Blends Color Flavor | Sticknss | Tendernss Overall acceptability
SR 8.40 6.00 4.00 5.20 6.00
- sS 6.80 6.80 4.50 5.60 7.60
£ WF 6.00 6.20 3.40 5.20 6.00
% $S+SR1:1 | 6.80 7.00 5.20 5.60 7.80
E‘ SR+WF 1:1 ] 6.20 5.80 2.80 5.60 5.80
SS+WF1:1 | 6.40 8.20 440 5.00 6.40
SRess+wWri:tl 660 6.20 440 5.00 6.40
SR 6.40 8.00 420 5.20 6.00
S 6.80 7.00 4.80 5.60 7.80
@ WF 640 | 620 [ 440 5.20 6.00
S |ssesr1:1| 660 | 720 | s.40 5.40 7.60
3 SReWF 1:1 | 620 5.80 3.00 5.60 5.80
SS+WF 1:1 | 6.40 5.80 4.20 4.80 6.60
sressewr t:1:1|  6.80 7.00 5.40 6.00 7.60
gs % TW. 6.46 631 | 410 5.31 6.57
& 3| Belbees 6.51 6.43 4.49 5.40 8.77
SR 6.40 800 | 4.10 5.20 6.00
$s 6.80 650 '| 465 5.60 7.70
2 WF 6.20 6.20 4.00 5.20 6.00
s SS+SR1:t | 670 7.10 5.30 5.50 7.70
@ SR+WF 1:1{ 620 8.80 2.90 5.60 5.80
SS+WF 1:1 | 6.40 6.00 4.30 430 6.50
sReSsewt 1291|670 6.60 4.90 5.50 7.00
= TW. N.S NS N.S NS N.S
5;‘? f: Bl. NS 0.76 1.18 N.S 0.48
.} T.x Bl N.S NS N.S N.S 0.68

SR = Semolina Regina
§8 = Semciina Sohag
W.F = Wheat flcur

T.w = Type of water

Bl = Blends

T.W x Bl = Type of water x Biends
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In general conclusion, this study suggests that further experiments are
required to allow a more complete understanding of the general relationships
shown,
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