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Abstract
The goal of the study is to investigate the impact of the incorporation of by-product (tomato peels) on durum wheat whole-meal
spaghetti. To the aim, different amounts of tomato peels flour were added to pasta dough until the overall sensory quality reached
its threshold (peels flour at 15% TP). Moreover, the effect of different particle sizes of tomato peels addition on sensory quality
of pasta was also evaluated. The increase of particle sizes determined a decline of pasta sensory quality. So, samples enriched
with fine particles showed high sensory quality, a more acceptable cooking quality and the lowest value of starch digestibility. The
utilization of fine particles of tomato peels seems to be useful to enhance the spaghetti quality. Therefore, fine particles allowed
obtained fortified pasta with acceptable sensory properties.

Keywords: Whole-meal flour; Spaghetti; By-product; Particle sizes;
Sensory properties
Introduction
Over the last decades consumer food demands changed considerably.
For this reason, foods today are not intended only to satisfy hunger and
to provide necessary nutrients, but also to prevent nutrition-related
diseases and enhance physical and mental well-being of consumers
[1,2]. In this regard, functional foods offer an outstanding opportunity
to improve the quality of products. Pasta, in particular, is an important
basic food widely consumed across the world and was among the first
food to be authorized by the FDA (Food and Drug Administration)
as a good vehicle for the addition of bioactive compounds, such as
antioxidant compounds and dietary fibre [3,4]. However, pasta enriched
with bioactive compounds of vegetable origin is still very limited [5,6].
Padalino [7] carried out studies to improve nutritional properties
of pasta by adding artichoke, asparagus, pumpkin, zucchini, tomato,
carrot, broccoli, spinach, eggplant and fennel, all very rich in phenolics
and carotenoids that can impart health benefits being able to scavenge
reactive oxygen species and protect against degenerative diseases like
cancer and cardiovascular diseases.
Tomatoes (Lycopersicon esculentum L.) are known as an excellent
source of many nutrients and secondary metabolities, as minerals,
vitamins C and E, β-carotene, lycopene, flavonoids, organic acids,
phenolics and chlorophyll [8] especially in the peels. Al-Wandawi
[9] reported that tomato peels contain high levels of lycopene and
β-carotene compared to pulp and seeds. When tomatoes are processed
into products like Catsup, salsa and sauces, 10-30% of their weight
becomes waste or pomace [10]. In fruit and vegetable industry,
generally processing leads to one third of the product to be discarded.
This can be costly for the manufacturer and also may have a negative
impact on the environment. Many researches have shown that byproducts generally exert high nutritional value, could be used as food
ingredients, gelling and water binding agents and could provide a valid
solution for pollution problems connected with food processing [11].
To the best of our knowledge, no reports are available on the use of
tomato peels-based flour in pasta processing. Hence, the aim of this
work was to study the impact of tomato peels addition on chemical
composition, cooking and sensory quality of whole-meal durum wheat
spaghetti. Specifically, the study was organized in the following steps.
In the first one, the tomato peels flour amount added to the dough was
continuously increased until reaching the sensory threshold (15% of
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flour addition). The next experimental step was aimed to investigate the
influence of peels particles size on texture properties, cooking quality,
sensory and nutritional characteristics of final enriched pasta.

Material and Methods
Raw materials
Durum wheat seeds Pr22 were provided from the C.R.A. (Foggia,
Italy). The whole-meal flour was produced from grinding of the seeds
with a stone mill (Mod MB250 Partisani). Tomato skins of different
cultivars (Ulisse, Docet, Ercole, Player, Herdon, Fuzzer and Komolix),
obtained in the crop year 2012-2013 in Campania and Apulia (Southern
Italy) industries, were used. Tomato skins were dehydrated by exposure
to sunlight and then in the oven (40-50°C) and the flour was produced
by hammer mill (16/BV-Beccaria s.r.l. Cuneo).
After the flour was sieved by Sieve Shakers (Mod AS 300 Retsch)
in different particles sizes: fine particles size (FPS - ≥ 63 µm), medium
particles size (MPS - ≥ 125 µm) and coarse particles size (CPZ - ≥ 250 µm).

Spaghetti preparation
Whole-meal flour of durum wheat was mixed with water (30%
w/w) in the rotary shaft mixer (Namad, Rome, Italy) at 25°C for 20
minutes to uniformly distribute water. In the first experimental phase,
the tomato peels flour (particles size<500µm) was added to the wheat
flour at various concentrations: 10%, 15%, 20% and 25% (w/w). In a
subsequent experimental phase the sample with 15% addition (15-TP)
was prepared by tomato peels flour to different particle sizes: 63 µm (15TP/FPS), 125 µm (15-TP/MPS) and 250 µm (15-TP/CPS). Spaghetti
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based only on whole-meal flour were also manufactured and used as
the reference sample (CTRL). In all the steps, dough was extruded with
a 60VR extruder (Namad). Subsequently, the pasta was dried in a dryer
(SG600; Namad). The process conditions were in according Padalino [12].

Sensory analysis
Dry spaghetti samples were submitted to a panel of fifteen trained
tasters (six men and nine women, aged between 28 and 45) in order
to evaluate the sensory attributes. The panelists were also trained
in sensory vocabulary and identification of particular attributes by
evaluating durum wheat commercial spaghetti [13]. They were asked to
indicate color and resistance to break of uncooked spaghetti. Elasticity,
firmness, bulkiness, adhesiveness, fibrous nature, color, odor and taste
were evaluated for cooked spaghetti. To this aim, a nine-point scale,
where one corresponded to extremely unpleasant, nine to extremely
pleasant and five to the threshold acceptability, was used to quantify
each attribute [14]. On the basis of the above-mentioned attributes,
panelists were also asked to score the overall quality of the product
using the same scale.

Chemical determination
Dry spaghetti samples were ground to fine flour on a Tecator
Cyclotec 1093 (International PBI, Hoganas, Sweden) laboratory mill (1mm screen – 60 mesh). Moisture and ash content (%) were measured
according to AACC method [15]. Protein content (% N × 5.7) was
analyzed using the micro-Kjeldahl method according to AACC method
[15]. Total dietary fiber (TDF), soluble water dietary fiber (SDF) and
insoluble water dietary fiber (IDF) contents were determined by
means of the total dietary fiber kit (Megazyme International Ireland
Ltd., Wicklow, Ireland) based on the method of Lee [16]. The available
carbohydrates (ACH) were determined according to the method of
McCleary [17] as described in the ACH assay kit (Megazyme). All
nutritional analyses of the flour and spaghetti samples were made in
triplicate.
For the carotenoids determination spaghetti were homogenized in
a blender and an aliquot of 10 g was added of 100 ml of solvent mix
(esano:acetone:methanol; 2:1:1; v/v/v) and sonication continuously
for 10 min (Misonix Ultrasonic Liquid Processor, NY, U.S.A). The
extraction was repeated until sample became colorless. The combined
extract was transferred to a separating funnel and 5 ml of distilled water
was added to separate polar and nonpolar phases. The nonpolar hexane
layer containing carotenoids was collected and concentrated in a rotary
evaporator (Heidolph, Germany) till dryness. Residue was dissolved in
10 ml of hexane. Lycopene and β-carotene were determined according
to Fish [18] by a spectrophotometric method using an Agilent 8453
UV-Vis spectrophotometer. The concentration of lycopene was
calculated at λ=503 nm using the molar extinction coefficient β=17.2
× 104/M/cm. For β-carotene, the absorbance was measured at λ=450
nm and the quantification were carried out using a standard curve. All
the nutritional analyses were made in triplicate and the results were
expressed as mean ± standard deviation (SD).

Cooking quality
The optimal cooking time (OCT) was evaluated in according to
the AACC approved method [15]. The cooking loss, the amount of
solid substance lost to cooking water, was determined according to
the AACC approved method 66-50. The swelling index and the water
absorption of the cooked pasta (grams of water per gram of dry pasta) were
determined according to the procedure described by Padalino [12].
J Food Process Technol
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Moreover, the cooked spaghetti samples to OCT were submitted
to hardness and adhesiveness analysis, by means of a Zwick/Roell
model Z010 Texture Analyzer (Zwick Roell Italia S.r.l., Genova, Italia)
equipped with a stainless steel cylinder probe (2 cm diameter). The
hardness (mean maximum force, N) and adhesiveness (mean negative
area, Nmm) were measured in according to the procedure described
by Padalino [12]. Six measurements for each spaghetti sample were
performed.

In vitro digestion
The digestion was carried out as described by Chillo [19] with
slight modifications. Briefly, dry spaghetti samples (5 g) were broken
into 5.0 × 1.0 cm lengths and weighed accurately. Fifty milliliters
of boiling water was immediately placed in a covered boiling water
bath to cook the spaghetti to the OCT. The spaghetti were tipped
into a digestion vessel with 50 ml of distilled water and 5 ml maleate
buffer (0.2 M pH 6.0, containing 0.15 g CaCl2 and 0.1 g sodium
azide per liter) in an block at 37°C (GFL 1092; GFL Gesellschaft für
Labortechnik, Burgwedel, Germany) and allowed to equilibrate for
15 min. Digestion was started by adding 0.1 ml amyloglucosidase
(A 7095; Sigma Aldrich, Milan, Italy) and 1 ml of 2 g per 100 g
pancreatin (P7545; Sigma Aldrich) in quick succession and the
vessels were stirred at 130 rpm. An amount of 0.5 ml of the digested
samples was taken at 0, 20, 60 and 120 min for the released glucose
analysis. The sample digested to 120 min was homogenized through
an Ultra Turrax (Ika Werke, Staufen, Germany).

Analysis of digested starch
The samples removed during digestion were added to 2.0 ml of
ethanol ethanol and mixed. After 1 h, the ethanolic sub-samples were
centrifuged (2000 g, 2 min) (Biofuge fresco; Heraeus, Hanau, Germany).
Finally, the reducing sugar concentration was measured colorimetrically
(k=530 nm) using a Shimadzu UV-Vis spectrophotometer (model
1700; Shimadzu corporation, Kyoto, Japan). Glucose standards of 10
mg/ml were used. Amyloglucosidase (0.25 ml) (EAMGDF, 1 ml per 100
ml in sodium acetate buffer 0.1M, pH 5.2; Megazyme International 205
Ireland Ltd., Wicklow, Ireland) was added to 0.05 ml of the supernatant
and incubated at 20°C for 10 min. Afterwards, 0.75 ml DNS solution
(10% 3,5-dinitrosalicylic acid, 16% NaOH and 30% Na-K tartrate –
Sigma Aldrich) was added to the above solution, heated to 100°C for
15 min and allowed to cool at 15°C for 1 h. Then, 4 ml of distilled
water (15°C) were added to the solution. The results were plotted as
glucose release (mg) per g of sample vs. time. The starch digestibility
was calculated as the area under the curve (0–120 min) for the tested
products, and expressed as the percentage of the corresponding area for
white bread [19].

Statistical analysis
Experimental data were compared by a one-way variance analysis
(ANOVA). A Duncan’s multiple range test, with the option of
homogeneous groups (P<0.05), was carried out to determine significant
differences between spaghetti samples. STATISTICA 7.1 for Windows
(StatSoft, Inc, Tulsa, OK, USA) was used for this aim.

Results and Discussion
As reported above, the experimental plan has been organized in
two subsequent steps, the first aimed to find the better concentration of
tomato peels amount to be added to the dough and the second one, to
study the effects of peel-particles size on quality of spaghetti. Results of
each step were detailed in different paragraphs.
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Step 1 - Optimization of tomato peels flour addition
The sensory properties of dry spaghetti samples are listed in
Table 1. Results highlighted that in general the overall quality of
spaghetti made with whole-meal flour (CTRL) without any peels
addition was higher in comparison to the samples supplemented
with tomato peels flour, above all at concentrations higher than
15%. In particular, in the uncooked spaghetti poor colour and
break to resistance were found. Regarding the cooked spaghetti,
the addition of tomato peels flour influenced pasta elasticity and
firmness, due to the high fibres content. Incorporation of vegetable
matter rendered a firmer texture to pasta sample due to the nonstarchy nature of vegetables. In addition, the TDF content of tomato
peels (mainly insoluble fibers) was found higher than that reported
in other vegetables [20]. Similar results were observed by Yavad
et al. [6], who found an increase of pasta firmness (100% durum
wheat) enriched with vegetable flour. The low elasticity value was
also due to the inclusion of tomato peels fibres that promoted the
formation of discontinuities or cracks inside the pasta strand, which
weakened its structure. Spaghetti fortified with tomato peels flour
resulted less adhesive than the CTRL sample, even if the differences
between samples were not significant. Stickiness did not increase in
the different pasta samples, most probably because fibres addition
is generally recognized to have a positive effect on stickiness [21].
Spaghetti exclusively made with whole-meal wheat or containing
amounts of tomato peels flour up to 15% (w/w) appeared with a
pleasant brown colour, whereas, the spaghetti samples made by
using more than 15% tomato peels flour present an intense orange
colour, which is different from the common pasta and considered
unacceptable. Rekna [5] also observed reduction in colour intensity
of cooked pasta enriched with vegetable flour, probably due to
the pasta swelling and to the conversion of pigments resulting in
a yellowness increase. Colour is the key factor for assessing the
visual quality and market value of food products [22]. Svec [23] also
studied the colour impact of non-traditional cereals and reported
that until 10% addition the colour remained acceptable. In addition,
spaghetti samples enriched with tomato peels flour had very intense
taste and odour as compared to the CTRL sample. Therefore, on
the basis of the sensory acceptability, the spaghetti samples enriched
with tomato peels flour at 15% were selected for the subsequent
work of pasta optimization.
Uncooked Spaghetti

CTRL

Step 2 Effects of tomato peels particles size on spaghetti
quality
Sensory analysis: The results of sensory properties of dry spaghetti
are listed in Table 2. As can be inferred, the overall quality of uncooked
and cooked spaghetti declined as the particles size increased, thus
demonstrating that spaghetti enriched with the fine particles (15TP/FPS) exerted the greatest overall quality. In terms of firmness no
differences among samples were recorded, even though a little increase
was found in pasta with fine particles because these particles contain
more protein than coarse particles of tomato peels. Padalino [12]
also found that the high protein content of pea flour increased pasta
hardness due to low hydration of starch granules. Most probably, during
cooking, the protein can link to most of the water molecules, leaving
less water to swell the starch phase [24]. From data reported in Table 2 it
is also clear that particles size has a marked effect on the fibrous nature
of spaghetti. As compared to the other samples, the 15-TP/FPS showed
a low fibrous sensation, due to the less dietary fibres content (Table 3),
and present low adhesiveness and bulkiness. One possible explanation
of the observed results is that with fine particles a more stable network
can be realized, able to bind starch granules and vegetable flour and
avoid solids loss during cooking [5]. No effects of particles size were
underlined on pasta odour. Samples 15-TP/FPS and 15-TP/MPS in
particular showed a pleasant orange colour. As concern the taste, the
most prized samples were again 15-TP/FPS and 15-TP/MPS, due to the
low fibrous sensation during mastication.
Chemical composition: Table 3 summarizes the protein and
the dietary fibres content of spaghetti. It is clear that particles size of
peels had no effects on protein and available carbohydrates content.
A certain drop in dietary fibres for samples supplemented with fine
particles (12.69%), in comparison to medium and coarse sizes (14.78%)
was observed. It is plausible to suggest that the use of flour with coarse
particles better corresponds to more functional compounds, such as
dietary fibres [25]. Table 3 also reports the results of the in vitro starch
digestibility. Results suggested that the particles size influenced the
starch digestibility (SD). It can be seen a significant decline of SD in
spaghetti enriched with coarse particles size. These differences could
be due to the fact that the sample 15-TP/CSP had the greatest dietary
fibres content that are known to reduce the glycaemic response of pasta
[26]. These results also are also in agreement with Padalino [7], who

Cooked Spaghetti

Color

Break to
Resistance

Overall
Quality

Elasticity

7.26 ± 0.35a

6.20 ± 0.34a

7.09 ± 0.30a

7.09 ± 0.33a 6.83 ± 0.30a 6.83 ± 0.25a 6.37 ± 0.28a 6.09 ± 0.28a

7.00 ± 0.23a

5.91 ± 0.38a,b 6.20 ± 0.27b

5.57 ± 0.33a 6.50 ± 0.31a,b 5.78 ± 0.26b 6.51 ± 0.40a 6.02 ± 0.40a

6.80 ± 0.33a,b 6.21 ± 0.40b 6.26 ± 0.34 b 6.30 ± 0.34b

10% TP 6.48 ± 0.42b

Firmness

Fibrous

Bulkiness

Adhesiveness Color

15% TP 6.08 ± 0.20a,b 5.80 ± 0.24a,b 6.05 ± 0.25a,b 5.37 ± 0.31a 6.31 ± 0.23a,b 5.68 ± 0.28b 6.60 ± 0.39a 6.11 ± 0.40a

Odor

Taste

Overall
Quality

7.31 ± 0.41a 7.07 ± 0.44 a 7.09 ± 0.33a

6.30 ± 0.36b,c 6.01 ± 0.21b 6.11 ± 0.28 b 6.04 ± 0.38b,c

20% TP 5.65 ± 0.36c,d 5.65 ± 0.27a,b 5.62 ± 0.31c,d 5.17 ± 0.36a 6.01 ± 0.34b 5.28 ± 0.28b,c 6.65 ± 0.34a 6.17 ± 0.24a

6.01 ± 0.23c

5.81 ± 0.33b 5.91 ± 0.21 b 5.64 ± 0.37b,c

25 % TP 5.22 ± 0.27d

5.95 ± 0.24c

6.20 ± 0.33b 5.55 ± 0.40 b 5.46 ± 0.38c

a-c

5.36 ± 0.28b

5.33 ± 0.30d

5.07 ± 0.36a 5.25 ± 0.37c

5.01 ± 0.34c 6.67 ± 0.33a 6.24 ± 0.27a

Mean in the same column followed by different superscript letters differ significantly (P<0.05).
Table 1: Sensory characteristics of uncooked and cooked dry spaghetti samples obtained in step 1.
Uncooked Spaghetti
Color

15% TP

Break to
Overall
Resistance Quality

Cooked Spaghetti
Elasticity

Firmness

Fibrous

Bulkiness

Adhesiveness Color

6.08 ± 0.20b 5.80 ± 0.24a 6.05 ± 0.25b 5.37 ± 0.31a 6.31 ± 0.23a 5.68 ± 0.28a,b 6.60 ± 0.39a,b 6.11 ± 0.40a,b

Odor

Taste

Overall
Quality

6.30 ± 0.36b 6.01 ± 0.21° 6.11 ± 0.28 b 6.04 ± 0.38b

15% TP/FPS 7.21 ± 0.27a 6.32 ± 0.34a 6.84 ± 0.32a 6.04 ± 0.34a 6.35 ± 0.36a 6.26 ± 0.34a 6.85 ± 0.34a 6.63 ± 0.35°

7.16 ± 0.32a 6.04 ± 0.23° 6.81 ± 0.24 a 6.98 ± 0.27a

15% TP/MPS 7.18 ± 0.23a 6.10 ± 0.31a 6.59 ± 0.31a,b 5.69 ± 0.40a 6.20 ± 0.33a 6.10 ± 0.28a,b 6.56 ± 0.40a,b 6.02 ± 0.40a,b

7.12 ± 0.24a 6.06 ± 0.23° 6.73 ± 0.22 a 6.53 ± 0.43a,b

15% TP/CMS 6.09 ± 0.39b 5.94 ± 0.35a 6.11 ± 0.24b 5.64 ± 0.35a 6.07 ± 0.26a 5.54 ± 0.28b 6.00 ± 0.28b 5.75 ± 0.31b

6.39 ± 0.48b 6.08 ± 0.26° 6.09 ± 0.28 b 6.15 ± 0.30b

Mean in the same column followed by different superscript letters differ significantly (P<0.05).

a-c

Table 2: Sensory characteristics of uncooked and cooked dry spaghetti samples obtained in step 2.
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also found that the addition of pepper flour (containing a high level of
dietary fibres) reduced the glycemic index of maize-based pasta.
Table 4 shows the lycopene and β-carotene content in spaghetti
samples enriched with tomato peels flour. Data were expressed as mg of
β -carotene and lycopene/100 g spaghetti. There were differences (P <
0.05) among studied samples, thus highlighting that particles of tomato
peels decreased concentration of carotenoids mainly for β -carotene.
As one could expect, the spaghetti 15-TP have the highest value of
lycopene (2.32 mg/100g) and β-carotene (13.64 mg/100g) compared to
the other ones. It is also worth noting that even with fine particles, a
significant increment of carotenoids can be obtained, if compared to
the control samples.
Cooking quality: The optimum cooking time, the cooking loss,
the swelling index and the water absorption of spaghetti samples are
presented in Table 5. From this table emerges that particles size of
peels flour also affects cooking quality. In fact, the OCT decreased
as the particles size increased. Specifically, the OCT for samples
supplemented with fine and medium particles was higher (9.00 and
8.30 min respectively) than 15-TP and 15-TP/CPS samples, likely due
to the protein matrix-starch granule network, which was affected by the
vegetable flour fibres. The physical disruption of gluten matrix caused
by fibres addition and the reduction in gluten content due to tomato
peels flour addition may facilitate the water penetration into pasta
core. The less cooking time of pasta supplemented with vegetable flour
could be explained by the faster reconstitution of fine vegetable matter
distributed in pasta matrix [5]. Table 5 also shows a decline in cooking
loss for samples 15-TP/FPS and 15-TP/MPS, as compared to the other
pasta samples. As reported for sensory analysis, these results could
be mainly due to the better binding of starch granules and vegetable
flour with fine particles size in gluten network [5]. Concerning the
swelling index, significant differences were observed with the increase
of particles size. Specifically, the 15-TP/CPS sample showed the highest

swelling index. The 15-TP/CPS presented agreater water absorption
than the other samples, but without any significant differences. These
results could be explained by the reduction of protein, as resulting from
the increment of the average particles size. In fact, the sample with the
coarse particles showed a slight drop in protein content that is known to
counteract starch granule swelling during cooking, due to competition
between protein and starch for water availability [24]. Regarding the
adhesiveness, the 15-TP/FPS sample recorded the smallest value (0.51 N),
and concerning the hardness, the same sample recorded the highest value,
in accordance to sensory quality and cooking loss. This result also suggests
that the high protein content of sample with fine particles of peels increased
the hardness of pasta because of the low hydration of starch granules.

Conclusions
In this work, the impact of tomato peels-based flour addition on
chemical composition, cooking and sensory quality of whole-meal
durum wheat spaghetti was studied. In the first experimental step,
tomato peels flour amount added to pasta dough was continuously
increased until the sensory quality reached the threshold (tomato peels
flour concentration 15%). In a second step, the influence of particles size
on sensory quality of pasta with 15% tomato peels flour was investigated.
The results indicated that the increase of particles size determined a
decline of overall quality of samples; even a slight better nutritional
composition was recorded. Specifically, the spaghetti enriched with the
fine particles showed the greatest sensory score, due to the low fibrous,
low adhesiveness, low bulkiness and high hardness values and showed
a significant increase of starch digestibility. Therefore, our findings
suggest that whole-meal spaghetti with fine particles represent fortified
pasta with good sensory properties, very comparable to the control
samples, and good cooking quality. This example of pasta fortification
can offer a broad spectrum of new products with desired properties and
encourage the use of agronomic by-products for further studies and
new food applications.

Sample

Protein (%)

ACH (g/100g)

IDF (%)

SDF (%)

TDF (%)

SD

15% TP

10.29 ± 0.18a,b

59.10 ± 0.10a,b

14.95 ± 0.00a

8.00 ± 0.28a

22.95 ± 0.14a

58 ± 0.30b

15% TP/FPS

10.35 ± 0.30a

58.03 ± 0.90b

12.69 ± 0.01d

7.06 ± 0.00c

19.75 ± 0.00d

62 ± 0.90a

15% TP/MSP

10.20 ± 0.06a,b

60.20 ± 0.00a

13.01 ± 0.61c

7.42 ± 0.00b

20.48 ± 0.00c

61 ± 1.00a

15% TP/CSP

9.95 ± 0.05b

59.02 ± 1.20a,b

14.78 ± 0.09b

7.33 ± 0.20b,c

22.11 ± 0.10b

53 ± 0.20c

TDF: Total Dietary Fibre; SDF: Soluble Water Dietary Fibre; IDF: Insoluble Water Dietary Fibre; ACH: Available Carbohydrates; SD: Starch Digestibility
Mean in the same column followed by different superscript letters differ significantly (P<0.05).

a-c

Table 3: Chemical composition of semolina and pea flour and dry spaghetti samples obtained in step 2.

a-c

lycopene

β-carotene

(mg/ 100g spaghetti)

(mg/100g spaghetti)

cnt

0.03 ± 0.01d

4.23 ± 0.23e

15% TP

2.32 ± 0.46a

13.64 ± 1.15a

15% TP/FPS

1.31 ± 0.10b

10.46 ± 0.10d

15% TP/MSP

1.00 ± 0.12

c

11.60 ± 0.91b

15% TP/CSP

1.36 ± 0.13b

10.87 ± 1.31c

Mean in the same column followed by different superscript letters differ significantly (P<0.05).
Table 4: Carotenoids content of dry spaghetti obtained in step 2.
Sample

OCT (min)

Cooking Loss (%)

Swelling Index

15% TP

7.30

8.47 ± 0.07a

1.72 ± 0.10b

Water Absorption (%) Adhesiveness (Nmm)
138 ± 3.65a

0.58 ± 0.08a

Hardness (N)
14.60 ± 1.13a

15% TP/FPS

9.00

6.91 ± 0.31c

1.71 ± 0.09b

139 ± 8.48a

0.41 ± 0.06b

13.93 ± 0.67a,b

15% TP/MSP

8.30

7.94 ± 0.40b

1.70 ± 0.05b

140 ± 4.20a

0.61 ± 0.09a

13.03 ± 0.92a,b

15% TP/CSP

8.00

8.53 ± 0.14a

1.86 ± 0.01a

144 ± 4.00a

0.57 ± 0.10a

12.61 ± 0.81b

Mean in the same column followed by different superscript letters differ significantly (P<0.05).

a-c

Table 5: Cooking quality of spaghetti enriched with tomato peels flours at different particle size studied in step 2.
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