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1  |  INTRODUC TION

Pasta is one of the most consumed foods in the world due to its 
versatility, easy preparation and storage conditions (Krishnan & 
Prabhasankar, 2012). The cooking properties of pasta are deter-
mined by different parameters such as optimal cooking time, weight 
gain and hydration, cooking loss and texture (Ficco et al., 2016). The 
quality behavior of pasta during cooking depends on its structure, 
defined as a compact matrix made up of swollen starch granules, 
trapped in a net of proteins. The optimal cooking time is the time 
required for the opaque central core of the pasta to disappear (Sui 

et al., 2006). Pasta prepared following an optimal cooking is charac-
terized by a high firmness, low volume, absence of stickiness, and 
low cooking loss (D’Egidio et al., 1990).

The protein present in the wheat grain affects technological proper-
ties of pasta. In this sense, gluten proteins give firmness and elasticity to 
the mass. The formation of the continuous and stable protein network 
during the mixing and extrusion stages determines the texture of pasta, 
which can be measured by instrumental methods (Sissons, 2016). The 
most common instrumental method is TPA (Texture Profile Analysis) 
and has been used in multiple pasta studies (Ainsa et al., 2021a; El- 
Sohaimy et al., 2020; Odey & Lee, 2020; Olivera & Salvadori, 2009).
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Abstract
The effect of incorporating a fish (D. labrax) by- product on pasta quality was evaluated 
to assess its technological viability in comparison with a common pasta. Two enriched 
pastas, both dried and fresh and including or not a natural antioxidant (R. officinalis) were 
analyzed and compared to traditional pasta (durum and spelt). Findings indicated that 
enriched pasta showed a decrease in their texture properties, except for adhesiveness 
which was higher compared to traditional pasta. The addition of fish caused slight changes 
in color. Regarding the technological quality, it was moderately affected by fish inclusion, 
presenting lower gains in weight respect to control pasta (>15% of difference). Therefore, 
enriched pasta appears to be a good alternative to offer food with an improved nutri-
tional profile with a low impact on the quality of the product from a technological point 
of view since the introduction of fish does not extensively affect pasta quality.

Novelty impact statement
• The enrichment of pasta from fish by- product is a good alternative to improve its 

nutritional value.
• The cooking had a beneficial effect on the bioavailability of nutrients in enriched 

pasta with fish.
• Technological properties of enriched pasta with fish after cooking was similar to 

traditional pasta made with durum wheat.
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Furthermore, color is an important attribute of pasta which 
influences its acceptance by consumers, who generally prefer a 
bright yellow color related to the carotenoids present in the wheat 
grain. The loss of this typical color could be caused by lipoxygen-
ase, which degrades carotenoids. Thus, the reduction of this enzyme 
during processing is of interest from a technological point of view 
(Sicignano et al., 2015). Color of pasta depends, too, on the mixture 
of different ingredients in its formulation, and so, it is common to 
find pasta with different colors.

A healthy diet prevents diseases (Babuskin et al., 2014). In this 
sense, marine food is an important resource to obtain healthy in-
gredients and bioactive compounds such as oils, proteins, peptides, 
and microalgae (Kadam & Prabhasankar, 2010). Besides this, the 
industrial processing of fishery products generates a large amount 
of underused by- products, which also require costly processes for 
their elimination (Yan & Chen, 2015). Fish concentrates are prod-
ucts derived from fish processing, which represent a cheap source of 
high- quality nutrients suitable for the human diet. Its incorporation 
into pasta could help to increase its content in essential amino acids 
and polyunsaturated Ω3 fatty acids, especially eicosapentaenoic 
acid - EPA-  and docosahexaenoic acid- DHA (Oliveira et al., 2015). 
However, the incorporation of ingredients into pasta can modify its 
physicochemical properties and texture (Liu et al., 2016).

According to Mercier et al. (2016), three of the most important 
quality attributes are cooking, color, and mechanical properties. 
Therefore, the purpose of this study was to evaluate the effect of 
the addition of sea bass concentrate (Dicentrarchus labrax) on the 
physical and technological characteristics of pasta in order to see 
the feasibility of pasta quality for future industrial scaling.

2  |  MATERIAL S AND METHODS

2.1  |  Fish concentrates preparation

Frozen fish cuts (by- product) from the processing of sea bass (D. 
labrax) in a local factory of Spain (Scanfisk®) were defrosted 24 hr 
before use. After that, they were dipped in an 8% saline solution and 
dried in a slow air velocity (60°C for 24 hr) oven and ground until 
finely uniform (Calanche et al., 2019). Two kinds of concentrates 
(with antioxidant and without antioxidant) were made because of 
the interest in antioxidant incorporation. The antioxidant used was 
natural rosemary extract powder (E- 392) provided by Marbys® 
which acts as manufacturing aid in fish concentrate.

2.2  |  Pasta preparation

Two pasta formulations were elaborated according to specifica-
tions of local company Innova Obrador® (Zaragoza, Spain). This 
company has two production lines: the first one dedicated to pasta 
from durum semolina addressed to all kinds of consumers, and a 
second line producing integral pasta using spelt semolina and bran 

addressed to specific food regimes or to consumers with a concern 
for a healthier diet. In this way, the first one was made with durum 
semolina (Triticum durum) and fish concentrate, called “Durum” while 
in the second one, identified as “Spelt,” was chosen from spelt flour 
(Triticum spelt) and fish concentrates. The extrusion format used was 
fusilli of approximately 4 cm in length. Two preservation methods, 
dry	 (room	 temperature)	 and	 frozen	 fresh	 (−20°C)	 pasta	 and	 two	
treatments were proposed: without antioxidant and with antioxi-
dant. In addition, two pasta without fish were elaborated as con-
trols to evaluate the effect of fish addition. All pasta formulation and 
codes of experimental design are shown in Table 1.

2.3  |  Optimal cooking time

The determination of the optimal cooking time was carried out 
by measuring the hardness of the cooked pasta using a texturom-
eter	(ANAME	Instrumentation	Scientific,	mod.	TA-	XT2i)	with	a	flat	
Warner- Bratzler probe. The procedures and conditions used in a 
previous study were repeated (Ainsa et al., 2021b). Dry pasta was 
measured in a cooking time interval of 180 to 360 s (except durum 
control pasta, that reached 520 s) and fresh pasta, varying from 30 
to 180 s. The measurements for each cooking time were repeated 
7 times.

As an alternative to the instrumental method, the optimal cook-
ing time was determined following the AACC 66– 50.01 method 
(AACC, 2000). During cooking, a certain number of fusilli	 (≈3–	4)	
were extracted every 30 s. Once tempered, they were compressed 
using two transparent methacrylate plates. The time was estimated 
visually, when the white core of pasta completely disappeared.

2.4  |  Texture Profile Analysis (TPA)

A texture profile analysis (TPA) of pasta was made using a tex-
turometer	(ANAME	Scientific	Instrumentation,	mod.	TA-	XT2i)	with	
a cylindrical flat aluminum probe and consisted in the application 
of two compression cycles with a decompression of 20 s, which al-
lowed the determination of different texture properties: hardness, 
adhesiveness, springiness, cohesiveness, gumminess, chewiness, 
and resilience. The pasta samples used were cooked prior to the op-
timal cooking time established. The conditions were the following: 
test speed: 2 mm/s; sample deformation: 75%; force threshold: 10 g. 
Seven measurements were made to each pasta.

2.5  |  Pasta color

Color measurements were performed in cooked pasta using a col-
orimeter (Minolta. CM- 2002. Japan). For the characterization, the 
CIEL* a* b* system was used which is represented by L* (bright-
ness), a* (redness), and b* (yelowness). For each sample, readings 
were taken six times. The color variation produced by fish was 
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calculated with the total color difference (ΔE) between control 
pasta and each enriched pasta, which is determined by the follow-
ing equation:

ΔL = L*	Fish	pasta−L* Standard pasta; Δa = a	Fish	pasta−a* Standard 
pasta and Δb = b*	Fish	pasta−b* Standard pasta

2.6  |  Technological parameters

2.6.1  | Weight	gain	and	swelling	index

The weight gain and hydration of pasta were determined with 
the following modifications: 3 g of pasta were cooked in 180 mL 
of distilled water for the time of estimated optimal cooking for 
each pasta, they were cooled in 100 mL of cold water; then 
pasta were dried and weighed on an analytical balance (Cleary & 
Brennan, 2006). The weight gain is determined by the following 
equation:

Then, cooked pasta was dehydrated in an oven at 105°C until 
reaching constant weight (24 hr). This index was calculated from the 
following formula:

2.6.2  |  Cooking	losses

A portion (3g) of each developed pasta were immersed in 180 mL of 
water and boiled during their optimal cooking times (AACC, 2000). 
The water resulting after heating was collected in crucibles and al-
lowed to evaporate in a stove at 105°C until reaching a constant 
weight. The dry residue was weighed on an analytical balance and de-
termined as a percentage of the total weight of pasta before cooking.

2.6.3  | Moisture

Moisture was evaluated by a gravimetric method. Samples were 
weighed in the analytical balance and dried in a stove at 105°C until 
reaching a constant weight. They were cooled to room temperature 
in a desiccator for 60 min and were weighed again.

2.7  |  Statistical analysis

Results	 were	 statistically	 analyzed	 using	 the	 software	 XLSTAT	
(Version	16,	Addinsof).	Analysis	of	variance	(ANOVA),	test	of	multi-
ple comparisons (Fisher - LSD- ) with a 95% confidence interval, and 
in certain cases, Pearson's correlation coefficients were determined. 
Concerning TPA results, a Principal Component Analysis (PCA) was 
carried out with Varimax rotation that allowed to visualize the exist-
ing relationships among texture parameters and developed pasta, 
thus facilitating interpretation and obtaining a comprehensive over-
view of the study.

(1)ΔE =
√

(ΔL∗ )2 + (Δa∗ )2 + (Δb∗ )2,

(2)

WG (%) =
Weight of cooked pasta −Weight of pasta after drying

Weight after pasta drying
,

(3)SI (g∕g) =
Weight of cooked pasta (g)

Weight of dried pasta (g)
,

(4)Moisture (%) =
raw pasta weight − dried pasta weight

raw pasta weight
,

TA B L E  2 Optimal	cooking	times	of	each	pasta	according	to	both	methods	used

Pasta

OPTIMAL COOKING TIME (S)
Spearman 
correlation (ρ)Warner- Bratzler (WB) Visual (AACC 66– 50.01)

Durum Dry Control (DDC) 390 390 −0.686*

Durum Dry (DD) 300 300 −0.801*

Durum Dry Antioxidant (DDA) 300 300 −0.882*

Durum Fresh Control (DFC) 120 120 −0.884*

Durum Fresh (DF) 90 120 −0.901*

Durum Fresh Antioxidant (DFA) 90 120 −0.946*

Spelt Dry Control (SDC) 300 300 −0.722

Spelt Dry (SD) 270 270 −0.808*

Spelt Dry Antioxidant (SDA) 270 270 −0.808*

Spelt Fresh Control (SFC) 120 150 −0.739

Spelt Fresh (SF) 90 120 −0.965*

Spelt Fresh Antioxidant (SFA) 90 120 −0.983*

Note: No	sé	si	incluir	el	valor	de	la	fuerza	de	corte!!!
*Correlations with statistical significance.
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3  |  RESULTS

3.1  |  Optimal cooking time

Table 2 shows the optimal cooking time for each pasta, using the 
Warner- Bratzler cutting test (WB) and visual determination, which 
showed a positive Pearson correlation between them (r2 = 0.996). 
The optimal cooking time for dry enriched durum pasta was 300 s 
while dry control durum needed 390 s. However, in the case of spelt 
pasta, their optimal cooking times were 270 s, unlike its analogue 
without fish which reached 300 s. For fresh pasta, the optimal cook-
ing time was 90 s according to Warner- Bratzler and 120 s respect 
to visual test whereas for both control pasta was 120 s, while it was 
150 s in visual test in control spelt.

3.2  |  Texture profile analysis (TPA)

As can be seen in Table 3, enriched pasta presented a significantly 
lower hardness (p < .05) than control pasta. However, in fresh spelt 
pasta, there were no significant differences in hardness between 
control and pasta with fish.

The addition of fish caused an increase in adhesiveness in both 
types of pasta (durum and spelt). Enriched pasta was significantly 
less elastic (p < .05) than control pasta. The cohesiveness of en-
riched pasta was significantly lower than that of control pasta, with 
the only exception of durum dry enriched pasta which presented a 
very similar behaviour to its control. Similarly, all other parameters 
showed lower values in pasta with fish compared to pasta without 
fish.

An Analysis of Principal Components (PCA) was applied to the 
results obtained in Table 3 (Figure 1), which allowed to visualize the 
relationships among all the measured variables studied and types of 
pasta. In Figure 1a (dry pasta), components F1 and F2 accounted 
for 63.14% of the variability. The F1 component (47.1%) allowed to 
separate control from enriched pasta. Control pasta showed higher 
values than enriched pasta in most parameters, except for adhesive-
ness, which was higher for enriched pasta. All developed dry pasta 
had significant (p < .001) and high Pearson correlation coefficients 
between hardness and gumminess (r2 > 0.92) as well as between 
cohesiveness and resilience (r2 > 0.85). According to F2 component, 
durum pasta with fish had a higher adhesiveness than spelt pasta 
with fish. In addition, it could be seen that pasta without antioxidant 
were more adhesive than pasta with antioxidant.

With respect to fresh pasta, shown in Figure 1b, a 64.7% of the 
variability was explained. Control pasta were separated from pasta 
with fish in F1 (49.5%). Pasta without fish had higher values in all 
parameters except for adhesiveness which was higher for enriched 
pasta. Enriched fresh pasta showed significant (p < .001) and high 
Pearson correlation coefficients, too, between hardness and gummi-
ness (r2 > 0.88) but highlighted a relationship (r2 >	−0.85)	between	
adhesiveness and gumminess. In F2 component, both kinds of en-
riched pasta (spelt and durum) were separated and a clear difference 
was appreciated when antioxidant was included in each one.

3.3  |  Pasta color

The effect of fish in durum and spelt pasta was evaluated separately 
because formulations had different color as shown in Figure 2.

TA B L E  3 Texture	parameters	at	optimal	cooking	time	for	each	type	of	pasta	assayed

Code Hardness (g) Adhesiveness (g/s) Springiness (%) Cohesiveness Gumminess Chewiness Resilience

Dryed pasta

DDC 2530.12a 3.47b 0.71a 0.40c 1009.99a 715.43a 0.18b

DD 2264.00b 35.79a 0.47cd 0.44b 988.08a 470.32b 0.16c

DDA 1990.77c 32.95a 0.49c 0.41bc 813.36b 397.85b 0.15c

SDC 2140.90bc 6.73b 0.64b 0.50a 1084.34a 695.89a 0.20a

SD 1718.81d 28.41a 0.42d 0.36d 616.60c 260.14c 0.11d

SDA 1515.42d 13.52b 0.42d 0.33d 497.00c 211.23c 0.11d

Fresh pasta

DFC 3024.45a 4.00d 0.75a 0.53b 1594.61a 1205.65a 0.25a

DF 2299.07b 103.49a 0.35b 0.45c 1019.27c 355.04c 0.14c

DFA 1710.78c 76.62b 0.35b 0.39d 673.75d 232.80d 0.11d

SFC 2346.19b 9.95d 0.70a 0.59a 1386.09b 974.51b 0.21b

SF 2167.78b 32.97c 0.36b 0.32e 697.11d 250.71cd 0.10d

SFA 2100.39bc 21.86cd 0.33b 0.31e 646.55d 217.78d 0.10d

Note: Lowercase letters show significant differences between types of pasta for dry and fresh pasta for each texture parameter.
Abbreviations: DD, Durum Dry; DDA, Durum Dry Antioxidant; DDC, Durum Dry Control; DF, Durum Fresh; DFA, Durum Fresh Antioxidant; DFC, 
Durum Fresh Control; SD, Spelt Dry; SDA, Spelt Dry Antioxidant; SDC, Spelt Dry Control; SF, Spelt Fresh; SFA, Spelt Fresh Antioxidant; SFC, Spelt 
Fresh Control.
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As seen in Figure 2a, the luminosity (L*) in durum pasta expe-
rienced a significant decrease (p < .05) in enriched pasta with re-
spect to control pasta. On the other hand, the value of the red index 
(a*) was significantly higher in enriched pasta than in control pasta. 
Furthermore, the yellow index (b*) presented a significantly higher 
intensity in enriched pasta than in durum control pasta.

Regarding spelt pasta (Figure 2c), the luminosity (L*) of enriched 
pasta was significantly lower than that of the control. Significant 
(p < .05) differences were also observed among pasta in which dif-
ferent storage methods had been applied. In addition, spelt pasta 
with fish had a higher a* value than that without fish. Finally, the in-
tensity of the yellow index (b*) was moderate in all enriched pasta.

In order to assess globally the differences in the color of pasta re-
lated	to	the	addition	of	fish,	the	total	color	difference	(∆E) was evaluated, 
as shown in Figure 2. Regarding durum pasta (Figure 2b), fresh enriched 
pasta showed a higher difference (p < .05) than dried pasta with fish. 
In addition, fresh pasta without antioxidant presented a greater color 
change	than	that	with	antioxidant.	∆E	values	were	very	similar	for	spelt	
formulations (Figure 2d), although in the case of dry pasta, there were 
significant differences (p < .05) between pasta with or without antioxi-
dant. Apparently, the incorporation of antioxidant attenuated the color 
variation	in	wholemeal	pasta	with	the	lowest	value	of	∆E. Differences 
in color in spelt enriched pasta compared to control were lower than in 
the case of durum enriched and durum control pasta. This suggests that 
the incorporation of spelt flour and bran in spelt pasta gave it a darker 
color that might mask the color provided by fish.

3.4  |  Technological parameters

Values of technological parameters are shown in Table 4. The ad-
dition of fish caused a significant decrease in weight gain. Control 
pasta presented weight gains greater than pasta with fish, with 
167.1% for durum and 136.3% for spelt. Comparing pasta with fish, 
weigh gain was greater in dry durum than in spelt pasta, while durum 
was different from each other in fresh pasta, either with antioxidant 
or not. A very clear distinction in weight gain between fresh and dry 
pasta was evident, being higher in the latter.

Regarding the swelling index, a significant decrease was ob-
served in durum enriched pasta with respect to durum control, while 
these differences were not significant when comparing spelt with 
fish to spelt control pasta.

In general, cooking losses were significantly higher in enriched 
pasta. In this regard, it was more accentuated in dry enriched durum 
pasta, whose loss exceeded 9% of its respective dry weight. This was 
in contrast to control formulations, which did not exceed 6%. When 
comparing enriched pasta, the increase was lower in spelt than in 
durum pasta. Cooking losses of spelt enriched pasta increased less 
than 1% in relation to spelt control.

Regarding moisture, it did not present significant differences in 
dry durum enriched pasta with respect to control durum; however, 
in dry spelt with antioxidant it was observed a significant decrease 
in comparison with fresh control spelt pasta. In contrast, the mois-
ture of fresh enriched pasta was around 34%, resulting significantly 
higher than in fresh control, which presented values of approxi-
mately 31% for durum and 29% for spelt pasta.

4  |  DISCUSSION

4.1  |  Cooking times

Enriched pasta required lower cooking times than control pasta. This 
might be due to the modification of the physico- chemical character-
istics due to the incorporation of fish (Ainsa et al., 2021a). Because of 

F I G U R E  1 PCA	of	developed	pasta	for	dry	pasta	(a)	and	fresh	
pasta (b). Abbreviations: DD: Durum Dry; DDA: Durum Dry 
Antioxidant; DDC: Durum Dry Control; DF: Durum Fresh; DFA: 
Durum Fresh Antioxidant; DFC: Durum Fresh Control; SD: Spelt 
Dry; SDA: Spelt Dry Antioxidant; SDC: Spelt Dry Control; SF: Spelt 
Fresh; SFA: Spelt Fresh Antioxidant; SFC: Spelt Fresh Control
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the replacement of semolina by fish, the starch content decreases and, 
consequently, the amount of water required for its gelatinization, too. 
Furthermore, this substitution implies a decrease of the glutenin con-
tent and an increase in components of lower molecular weight, which 
require less time to hydrate during cooking (Vernaza et al., 2012).

4.2  |  Texture profile (TPA)

The hardness of pasta depends chiefly on the integrity of the matrix 
formed by the gluten proteins during cooking (Larrosa et al., 2016), 
besides the effect of components such as starch, lipids, and other 
ingredients added which could promote a weakening in dough struc-
ture of pasta. (Ainsa et al., 2021a; Chang & Wu, 2008). This decrease 
in hardness is associated with the enfeebling condition of the three- 
dimensional structure as a consequence mainly of fish addition, as it 
provides lipids and myofibrillar proteins that interfere in the matrix 
formed by gluten and starch (Kowalczewski et al., 2019). This effect 
was appreciated during pasta making with the incorporation of an 
antioxidant (rosemary) which caused a decrease not only in hardness 
but also in other texture parameters, especially in enriched fresh 
durum pasta.

Other studies pointed out that pasta enrichment causes a weaken-
ing of its structure, which is accompanied by higher cooking losses. These 
losses are associated with the leaching of amylose from starch granules, 
which may be the cause of the appearance of unwanted textures (Islas- 
Rubio et al., 2014; Sissons et al., 2005). The mechanical properties depend 
on the quality and quantity of gluten proteins (glutenins and gliadins). 
Specifically, its springiness is determined by the ability of glutenin sub-
units to establish intermolecular hydrogen bonds (Atwell, 2016). Based 
on this, enriched pasta has a lower gluten content than control pasta by 
replacing wheat semolina by fish. Furthermore, the exploratory study with 
all attributes studied in this work had not been previously observed in any 
other previous study. In this case, it was carried out on both fresh and  
dry pasta, investigating the effect of drying.

4.3  |  Color

A decrease in brightness due to the incorporation of fish has been found, 
too, in previous studies (Desai et al., 2018; Mercier et al., 2016). The yel-
low index (b*) is of great interest since, in most cases, consumers show 
a preference for pasta with an intense yellow color (Pongpichaiudom & 
Songsermpong, 2018), so this change appears to be beneficial from a 

F I G U R E  2 Color	parameters	in	different	types	of	pasta.	Distinc	letters	indicate	significant	difference	(p < .05) among the different 
parameters between treatments. (a) Color Durum; (b) Color Spelt. Abbreviations: DD, Durum Dry; DDA, Durum Dry Antioxidant; DDC, 
Durum Dry Control; DF, Durum Fresh; DFA, Durum Fresh Antioxidant; DFC, Durum Fresh Control; SD, Spelt Dry; SDA, Spelt Dry 
Antioxidant; SDC, Spelt Dry Control; SF, Spelt Fresh; SFA, Spelt Fresh Antioxidant; SFC, Spelt Fresh Control
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technological point of view. The global color variation (ΔE) allowed to 
estimating changes in color among all analyzed pasta (control versus. en-
riched) concerning the addition of other ingredients in its manufacture. 
Although the highest value of ΔE was found in enriched durum fresh 
pasta, thus demonstrating its liability to color changes, values obtained 
in this experiment were in agreement with those of previous studies 
in enriched durum pasta with fish (ΔE = 3.79 - Aínsa et al., 2021b & 
ΔE = 3.49– 9.59 - Desai et al.,2018), showing variations within the range 
3– 12 as can be seen in Figure 2. Furthermore, in the case of spelt pasta, 
the addition of antioxidant seemed to reduce the color variation.

The color of pasta without additives depends on the properties 
of the flour used such as carotenoids and protein composition (Ohm 
et al., 2008). The addition of rosemary as antioxidant protected all 
pastas against colour changes related to fish addition, in agreement 
with Mercier et al (2016) who indicated that the lower brightness with 
enrichment can be attributed to the dark colour of most enrichment 
ingredients, the no enzymatic browning of the reducing sugars in the 
enrichment ingredient.

In summary, considering both TPA and colour tests, our findings 
were in agreement with the results of previous research that indi-
cated that the main differences detected between pasta enriched 
with seabass concentrates and the durum pasta were mainly due to 
colour and texture properties (Calanche et al., 2019).

4.4  |  Technological properties

The ability of pasta to taking up water is determined both by its com-
position and processing conditions (Marti et al., 2011). In fact, fish 

proteins and lipids interact and compete with starch for water ab-
sorption during cooking, reducing starch hydration and gelling, which 
results in a lower weight gain of pasta. The incorporation of fish modi-
fies the physico- chemical characteristics of pasta, inducing the for-
mation of complexes between cereal starch and fish lipids, which can 
decrease the uptake of water, as well as starch gelatinization (Desai 
et al., 2018). Both types of cereal showed different values of weight 
gain as would be expected according to the difference between the 
type of cereal shown in a previous study (Frakolaki et al., 2018).

According to Smatanová and Lacko- Bartosová (2014), cooking 
loses of quality pasta should not exceed 8% of the dry weight, so the 
developed pasta with fish conformed to this specification. The increase 
of cooking losses is clearly related to the presence of fish, since this 
implies the incorporation of proteins of a different nature to that of 
gluten, mainly myofibrillar proteins (Desai et al., 2018). Enrichment with 
cereal fiber (spelt pasta) reduced cooking losses. This may reflect the 
dual effect that fibres exert on cooking losses (Mercier et al., 2016).

Regarding	moisture,	the	content	of	dry	enriched	durum	(≈11.5%)	
and	 enriched	 spelt	 pasta	 (≈11%)	 presented	 values	 below	 those	
marked by legal regulations (Real Decreto, 2181/1975), which sets 
maximum humidity limits of 12.5% for dry pasta. However, fresh en-
riched durum and spelt pasta had a moisture content slightly higher 
than this indicated by legislation (>32%) possibly due to rehydration 
of pasta after preparation.

5  |  CONCLUSIONS

Enriched pasta by fish incorporation showed a lower cooking time. 
In the same way, texture profiles of enriched pasta were distinct to 
control for both cereals (durum and spelt) showing a significant de-
crease in all parameters except for adhesiveness. Regarding colour, 
pasta with fish was slightly darker, redder and more yellow than con-
trol pasta, although this effect was partly reduced by the presence 
of rosemary. The addition of antioxidant caused positive changes in 
terms of colour and weight gain, which were the most discriminating 
technological parameters. Finally, it is worth highlighting that enriched 
pasta appears to be a good alternative in order to offer food with an 
improved nutritional profile with a low impact on product quality.
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