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Abstract

This study aimed to evaluate the nutritional and sensory characteristics of
penne-type pasta produced from locally sourced cereals, tubers, and legumes.
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vels of incorporation ranging from 10 to 50% cereals such as millet, fonio,
and rice, tubers such as manioc and sweet potato, and legumes such as cow-
pea. The results showed that the incorporation of local products considerably
improved the nutrient content of penne without being rejected by consumers.
Sensory analysis showed that the best results were obtained with mixtures of
sweet potato, cowpea, and wheat, as well as with rice, manioc, cowpea, and
sample wheat. These results are of great importance to manufacturers in a
world where developing nutritious and attractive food products is a crucial
challenge.
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1. Introduction

Pasta is traditionally made from durum wheat semolina and is valued for its
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nutritional and sensory characteristics [1] [2]. Their popularity stems from
many factors, including their low fat and sodium content, low glycemic index,
affordability, ease of cooking, and long shelf life [3] [4]. However, pasta is low
in dietary fiber, minerals, and vitamins [5] [6] [7]. Nonetheless, pasta is a good
vehicle for adding other non-traditional ingredients to its formulation without
any apparent loss of functional properties [8] [9] [10]. The importance of in-
corporating functional ingredients (cereals, legumes) to improve their nutri-
tional value is well documented [9] [11] [12]. As a result, the latest trend in the
pasta market is to partially replace wheat semolina with ingredients with health
benefits [13].

In Senegal, wheat is the second most consumed cereal after rice and is heavily
dependent on imports, which amounted to almost 700,000 tonnes in 2020, worth
CFAF 110 billion [14]. However, it is possible to reduce these imports by replacing
wheat semolind with tubers (cassava, sweet potato), cereals (rice, fonio, millet),
and/or legumes (cowpea). This substitution can also improve the nutritional value
of pasta by reciprocal correction of their amino acid profiles, and their fiber con-
tent. Pasta lacks fiber and certain essential amino acids such as lysine and threo-
nine, whereas legumes provide enough of these amino acids and are a good source
of fiber [10] [15] [16]. Sweet potatoes offer a vitamin alternative due to their high
content of vitamins A, B, and C [17]. According to Petitot et a/ [10], one of the
major challenges is to develop inexpensive foods that are both nutritionally sound
and acceptable to the target consumers.

The incorporation of various cereals, tubers, and legumes in pasta formulations
could therefore play a crucial role in improving their nutritional value. However,
beyond their nutritional value, pasta products must also have desirable function-
al and sensory characteristics [17].

This is the context of this study, which consists of investigating the nutritional
and sensory properties of wheat-based penne-type pasta, partially substituted by
local cereals, tubers, and legumes.

2. Materials and Methods

2.1. Experimental Materials

The cowpea, fonio, and cassava flours were purchased from a local product
processing unit in Dakar. For sweet potato, millet, and rice, the flours were ob-
tained after processing at the Institute of Technology Alimentary in Dakar. The

various flours obtained were graded using a 1 mm mesh sieve (Chopin).

2.2. Preparation of Penne-Type Pasta

Five formulations were produced. A control formulation with 100% durum wheat
semolina, four other formulations with different incorporation rates of millet,
rice, fonio, sweet potato, manioc, and cowpea PB = wheat pasta; PBRMN =
wheat, rice, manioc, cowpea pasta; PBPN = wheat, sweet potato, cowpea pasta;

PBFN = wheat, fonio, cowpea pasta; PBMPN = wheat, millet, sweet potato, cow-
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pea pasta.

Two hundred and fifty grams of each formulation were mixed with 100 ml of
water, kneaded, and then cold extruded using a commercial dough machine (Phi-
lipps HR2382/10). This stage was followed by cutting and drying the extrudates
in a dehydrator at a temperature of 55°C for 3 hours to obtain a moisture con-
tent of less than 12%.

2.3. Physical and Chemical Analysis

2.3.1. Moisture Content

The moisture content is determined according to the method described in AOAC
(2018). The sample is oven dried (105°C + 2°C) for 4 hours to constant weight.
The weight loss is calculated as the moisture content of the sample.

2.3.2. Ash Content

The mineral matter or crude ash content is determined using the method described
in AOAC (2018). This involves calcining the finely ground sample contained in
a porcelain crucible on a hot plate. The sample is then incinerated in an oven at
550°C for 4 hours until ash is obtained.

2.3.3. Protein Content

Protein content is determined using the Kjeldahl method described in AOAC
(2018), the technique of which consists of measuring the nitrogen content of the
product. The finely ground sample is mineralized under heat using concentrated
sulphuric acid in the presence of a catalyst. After several transformation processes,
the nitrogen yields ammonia, which is distilled, recovered in a boric acid solu-
tion and titrated with a sulphuric acid solution. The nitrogen content multiplied

by a coefficient (6.25) gives the protein content.

2.3.4. Carbohydrates
The carbohydrate content of the feed is obtained by taking the difference be-
tween the dry extract and the sum (protein + fat + crude fiber and mineral mat-
ter).

%Carbohydrate = %DE — (%Protein + %Fat + %Fiber + %Earth) (1)

where DE is dry extract.

2.3.5. Crude Fiber

Crude fiber content is determined using the method described in AOAC (2018).
The finely ground sample is subjected to two acid and base hydrolyses followed
by complexation with EDTA. The residue obtained is then filtered, dried in an
oven at 130°C, and then calcined in an oven at 400°C for 2 hours. The difference

in weight between the two stages gives the crude fiber content.

2.3.6. Fat Content

Determination of the fat content involves freeing the lipids by extraction using an
organic solvent (N hexane), followed by evaporation of the solvent, and weighing
of the lipid extract after oven drying at 105°C for 30 mn (AOAC, 2018).
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2.3.7. Mineral Elements

Calcium, potassium, iron, and zinc were determined by Atomic Absorption Spec-
trophotometry using the method described in [1] AOAC (2018). After incinera-
tion of the samples and dissolution of the ash in hydrochloric acid, the concen-
trations of the various minerals in the samples are determined from calibration
curves established with a range of standard solutions characteristic of each ele-

ment.

2.3.8. Phosphorus Content

Phosphorus is determined in the form of phosphate by the UV-visible spectropho-
tometric method using the vanadate-molybdate reagent. Phosphorus is combined
with ammonium molybdate to form a phosphomolybdic complex which, in the
presence of ammonium metavanadate, gives an orange-yellow color. The absor-

bance of the latter is measured at a wavelength of 470 nm.

2.4. Sensory Test

A 9-point hedonic scale was used as the basis for our sensory analysis. Forty pa-
nelists evaluated sensory parameters such as taste, color, appearance, texture,
and acceptability. The pasta was evaluated with and without a sauce. As pasta is
rarely eaten on its own, a sensory analysis with an accompaniment (tomato sauce)

was carried.

2.5. Statistical Analysis

Statistical analysis was performed using a Minitab data analysis package. A sta-
tistical evaluation of the differences observed was carried out using analysis of

variance (ANOVA) at a significance level of p < 0.05.

3. Results

1) Composition of the penne

The results of the nutritional analyses carried out on the penne are presented
in Table 1.

The results presented in Table 1 are expressed as mean value + standard devi-
ation (SD) for at least four repetitions. Different letters a - e in the same columns
represent statistically significant differences (p < 0.05).

PB = wheat penne; PBRMN = wheat, rice, cassava, cowpea penne; PBPN = wheat,
sweet potato, cowpea penne/PBFN = wheat, fonio, cowpea penne; PBMPN =
wheat, millet, sweet potato, cowpea penne.

The results presented in Table 1 are expressed as mean value + standard devi-
ation (SD) for three replicates. Different letters in the same line represent statis-
tically significant differences (p < 0.05). Ash levels obtained from the different
pasta varieties ranged from 0.75% to 1.84%.

Control penne made with wheat semolina alone had the lowest ash content,
while penne made with sweet potato, rice, cassava, fonio, cowpea, and wheat had
the highest ash content. Significant differences were noted between penne made
with PBMPN, PBFN, PBRMN, and PBPN composite flours and the PB controls.
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Penne with low ash content tended to have the highest protein content. PB penne
had the highest protein content at 13.26%. Among the mixed penne, the PBMPN
pasta with the highest cowpea flour content (12.5%) had the highest protein con-
tent at 11.48%. In terms of fiber composition, penne made with composite flours
had the highest fiber content. PBPN and PBMPN pasta contained twice as much
fiber as the control pasta. The micronutrient content of penne incorporating fo-
nio, sweet potato, millet, rice, manioc, and cowpea was higher than that of the
wheat-based control penne. The potassium content of the PBPN pasta was four
times higher than that of the control pasta.

2) Sensory analysis of penne

The results of this analysis are shown in Figure 1 and Figure 2.

The results of the sensory analysis of the unaccompanied penne revealed sig-
nificant differences between the control sample and the penne made with com-

posite flours (p < 0.05).

Table 1. Characterization of the different penne products.

V.E (kcal/100g)
Zn (mg/100g)
Fe (mg/100g)
Ca (mg/100g)
P (mg/100g)

372.320 + 0.76¢
1.125 + 0.04*
2.320 £ 0.01°
14.125 + 1.17°

160.095 + 0.46°

132.68 + 11.29°

365.350 + 1.15°
1.305 + 0.04°
2.780 +0.27°
18.065 + 0.35°

167.870 + 0.20"

334.290 + 6.39°

356.420 + 0.38"
1.725 +0.01¢
3.325 + 0.08¢
18.165 + 1.29°

180.365 + 0.11°

505.225 + 7.32¢

366.290 + 0.92°
1.630 % 0.03¢
3.015 +0.01%
18.585 + 0.18°

153.690 + 1.90°
258.19 + 0.29°

Pites
Param PB PBRN PBPN PBEN PBMPN
Cendres 0.755 £ 0.01¢ 1.345 + 0.02° 1.835 +0.01° 1.044 +0.01¢ 1.14 + 0.08°
Protéines % 13260 £0.21*  11.190 + 0.55*  10.610 % 0.06° 11.440 +0.14°  11.48 +0.30
Glucides % 78.335+0.15°  78.460 +0.93°  77.550 + 0.07°¢  79.480 + 0.07*°  77.09 % 0.39°
Fibres % 0.890 + 0.89* 1.485 + 0.02¢ 1.800 + 0.04¢ 1.140 + 0.14° 1.84 +0.15°

363.29 + 0.74°
1.88 + 0.01°
2.99 +0.43°
19.06 + 0.25°

213.52 +2.05¢

351.73 £ 0.27¢

K (mg/100g)

9.000
8.000
7.000
6.000
5.000
4.000
3.000
2.000
1.000
0.000

Panelists rating

C c c
b C b b
bb by b bb b o
I||‘ a| | | |
i | || ||| | |
Color Texture

Flavour Acceptability

HPBMPN ®mPBPN ®mPBFN mPBRMN mPB

Figure 1. Sensory analysis of unaccompanied penne (the different letters
indicate a statistical difference between the samples p < 0.05).
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Flavour (with accompaniment) Unaccompanied Flavour

panelists rating

mPBMPN ®PBFN ®PBRMN

Figure 2. Sensory analysis of penne with accompaniments (the different letters
indicate a statistical difference between the samples p < 0.05).

No significant differences were found by the panelists between the control penne
(PB) the potato/cowpea-based penne (PBPN) and the cassava/rice/cowpea-based
penne (PBRMN); however, there were significant differences between the control
penne and the fonio-based penne (PBFN) and the millet-based penne (PBMPN).

4. Discussion

The incorporation of cereals, tubers, and legumes affects the composition and
structure of penne. The significant differences in ash content show that the blends
of composite flours have more mineral matter than the wheat-based control penne.
However, work by ITCF [18] has shown that good quality wheat semolina should
have an ash content of less than 1.1% (DM) for better clarity in penne. Accord-
ing to Feillet et al [19], the extraction rate has an impact on the color of semoli-
na, which is clearer and more attractive the lower the extraction rate. Wheat-based
penne with a lower mineral content is therefore favored because of its positive
effect on color.

The protein content of the control penne was higher than that of the other
penne, which is consistent with the findings of Laleg et a/ [20], who showed that
penne without wheat semolina contained around 8% protein, whereas penne
produced with wheat semolina contained 12 to 13% protein.

This could be explained by the fact that wheat semolina is enriched with pro-
tein [21]. On the other hand, the protein content of composite flours (around
11%) is still high enough to produce Penne of good functional quality, with an
optimum range of 10.5% and 11% for standard pasta [22].

As far as fiber content is concerned, penne made with composite flours is
richer than wheat-based penne. This could be due to the high fiber content of ma-
nioc (7 g), fonio (8 g), and sweet potato (17 g), which exceeds that of wheat se-
molina (3.6 g) [23] [24].

Increasing the rate of incorporation of cowpea flour helps to improve the
fiber content of penne. Cowpea flour would also have beneficial effects on im-

proving fiber content. Similar results have been obtained for lentils and broad
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beans [23].

Concerning micronutrients, penne made with composite flours recorded supe-
rior results compared with the control. The significant differences obtained in the
composition of iron, zinc, phosphorus, calcium, and potassium could be explained
by the incorporation of tubers and legumes. Our results are similar to those of Pi-
nel et al [25] who showed that legumes such as cowpea contain higher quantities
of micronutrients than cereals. For potassium, the results obtained with sweet po-
tato penne are 4 times higher than those obtained with wheat penne. Potassium is
an important nutrient that the World Health Organization strongly recommends
increasing dietary intake to lower blood pressure, reduce the risk of cardiovascular
disease, and mitigate the negative effects of sodium consumption (WHO, 2013)
[26]. Furthermore, according to the authors La Frano et al [27], the composition
of sweet potatoes is low in phytates and high in ascorbic acid, which has a positive
impact on the bioavailability of micronutrients. This general finding on enrich-
ment is consistent with that of Wang et al [6] that mineral enrichment of pasta
through the addition of functional ingredients is a very important step in provid-
ing complete nutrition to consumers.

Sensory analysis showed that panelists preferred wheat penne to penne made
with composite flours. In fact, according to Vignola et al [28], pasta enriched
with functional ingredients is often reported as having a sensory quality inferior
to that of traditional durum wheat pasta. Furthermore, Bustos ef al. [29] have
suggested that the level of substitution of functional ingredients should generally
be less than 10% to minimize the impact on cooking quality and sensory accep-
tability. Furthermore, the wheat/sweet potato/cowpea blend had an acceptability
index of over 70%, which is the minimum score for a food to be considered ac-
ceptable according to Spehar et al [30]. This result differs from those of Shogren
et al. (2006) [31] who, with a 50% substitution of wheat flour for soya flour, ob-
tained an undesirable bean and bitter flavor and excessive cohesion.

However, it should be noted that penne made with the sweet potato/cowpea/
wheat and rice/manioc/cowpea/wheat mixtures and tested with tomato sauce
showed no significant difference compared with the control penne. According to
Sun-Waterhouse et al [17], for a functional food product to be commercially
successful, its nutritional value and health-promoting functionality must be ac-

companied by desirable sensory characteristics.

5. Conclusion

This study has shown that the incorporation of cereals, tubers, and legumes im-
proves the nutritional and sensory characteristics of penne, which is low in min-
erals and essential nutrients. Future studies should look at the cost and effective-

ness of incorporating local products to reduce wheat imports.

Acknowledgements

The authors would like to thank the Agropole SUD project for its support.

DOI: 10.4236/fns.2024.155023

357 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2024.155023

M. J.F.S. Lopy et al.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this pa-

per.

References

[1] Woéjtowicz, A. and Moscicki, L. (2014) Influence du type de légumineuse et du
niveau d’ajout sur les caractéristiques de qualité, la texture et la microstructure des
pates précuites enrichies. L W7 Food Science and Technology, 59, 1175-1185.
https://doi.org/10.1016/j.lwt.2014.06.010

[2] Bresciani, A., Giuberti, G., Cervini, M. and Marti, A. (2023) Using Pre-Gelatinised
Red Lentils in Pasta Production: Connecting Starch Features and Pasta Cooking Be-
haviour. International Journal of Food Science & Technology, 58, 1803-1809.
https://doi.org/10.1111/ijfs.16312

[3] Albuja-Vaca, D., Yepez, C., Vernaza, M.G. and Navarrete, D. (2020) Pates sans gluten:
Développement d’une nouvelle formulation a base de riz et de lupin farine (Lupinus
Mutabilis) en utilisant une conception de processus mixte. Food Science and
Technology, 40, 408-414. https://doi.org/10.1590/fst.02319

[4] Suo, X., Baggio, A., Pellegrini, N., Vincenzetti, S. and Vittadini, E. (2023) Effet de la
forme, du gluten et de I'effort de mastication sur la digestion in vitro de 'amidon et
I'indice glycémique prévu des pates. Food & Function, 15, 419-426.
https://doi.org/10.1039/D3F002666C

[5] Coello, K.E., Peiias, E., Martinez-Villaluenga, C., Cartea, M.E., Velasco, P. and Frias,
J. (2021) Produits de pates enrichis en poudre de pousses de moringa comme aliments
denses et nutritifs avec un potentiel bioactif. Food Chemistry, 360, Article ID: 130032.
https://doi.org/10.1016/j.foodchem.2021.130032

[6] Wang, J. Brennan, M.A., Serventi, L. and Brennan, C.S. (2021) Impact des ingrédients
végétaux fonctionnels sur la qualité technique et nutritionnelle des pates. Critical
Reviews in Food Science and Nutrition, 62, 6069-6080.
https://doi.org/10.1080/10408398.2021.1895712

[7]  Sissons, M. (2022) Développement de nouveaux produits de pates alimentaires ayant
des impacts sur la santé fondée sur des données probantes: Un examen. Foods, 11,
Article 123. https://doi.org/10.3390/foods11010123

[8] Sobota, A., Wirkijowska, A. and Zarzycki, P. (2020) Application of Vegetable Concen-
trates and Powders in Coloured Pasta Production. International Journal of Food
Science & Technology, 55, 2677-2687. https://doi.org/10.1111/ijfs.14521

[9] Lucas-Gonzdlez, R., Pérez-Alvarez, J.A., Moscaritolo, S., Ferndndez-Lépez, J., Sacchetti,
G. and Viuda-Martos, M. (2021) Evaluation de la bioaccessibilité des polyphénols et
de la cinétique de digestion de 'amidon des spaghettis aux coproduits de farines de
kaki (Dyospyros kaki) au cours de la digestion gastro-intestinale in vitro Tome. Food
Chemistry, 338, Article ID: 128142. https://doi.org/10.1016/j.foodchem.2020.128142

[10] Petitot, M., Boyer, L., Minier, C. and Micard, V. (2010) Fortification of Pasta with
Split Pea and Faba Bean Flours: Pasta Processing and Quality Evaluation. Food
Research International, 43, 634-641. https://doi.org/10.1016/j.foodres.2009.07.020

[11] Torres, A., Frias, J., Granito, M., Guerra, M. and Vidal-Valverde, C. (2007) Chemical,
Biological and Sensory Evaluation of Pasta Products Supplemented with a-Galactoside-

Free Lupin Flours. Journal of the Science of Food and Agriculture, 87, 74-81.
https://doi.org/10.1002/jsfa.2673

[12] Bustos, M., Perez, G.T. and Ledn, A. (2015) Structure et qualité des péates enrichies

DOI: 10.4236/fns.2024.155023 358 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2024.155023
https://doi.org/10.1016/j.lwt.2014.06.010
https://doi.org/10.1111/ijfs.16312
https://doi.org/10.1590/fst.02319
https://doi.org/10.1039/D3FO02666C
https://doi.org/10.1016/j.foodchem.2021.130032
https://doi.org/10.1080/10408398.2021.1895712
https://doi.org/10.3390/foods11010123
https://doi.org/10.1111/ijfs.14521
https://doi.org/10.1016/j.foodchem.2020.128142
https://doi.org/10.1016/j.foodres.2009.07.020
https://doi.org/10.1002/jsfa.2673

M. J. F. S. Lopy et al.

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

en ingrédients fonctionnels. RSC Advances, 5, 30780-30792.
https://doi.org/10.1039/C4RA11857]

Mercier, S. (2016) Modélisation de la production de pétes alimentaires traditionnelles
et enrichies. Doctorat These, Université de Sherbrooke, Sherbrooke.

ANSD (Agence Nationale de la Statistique et de la Démographique) (2021) Note
d’anal yes du commerce exterieur, edition 2021.
https://www.ansd.sn/sites/default/files/2023-01/NACE_2021_VERSION_FINALE-3
0122022-rev.pdf

Abdel-Aal, E.S.M. and Hucl, P. (2002) Amino Acid Composition and in Vitro Protein
Digestibility of Selected Ancient Wheats and Their End Products. Journal of Food
Composition and Analysis, 15, 737-747. https://doi.org/10.1006/jfca.2002.1094

Duranti, M. (2006) Grain Legume Proteins and Nutraceutical Properties. Fitoterapia,
77, 67-82. https://doi.org/10.1016/j.fitote.2005.11.008

Sun-Waterhouse, D., Jin, D. and Waterhouse, G.I.N. (2013) Effet de I’ajout de
concentré de jus de sureau sur les attributs de qualité, la teneur en polyphénols et
Pactivité antioxydante de trois fibres enrichies pates. Food Research International,
54, 781-789. https://doi.org/10.1016/j.foodres.2013.08.035

ITCF (Institut Technique des Céréales et des Fourrages) (2001) Controle de la qualité
des céréales et des protéagineux: Guide pratique. 2° Edition, ITCF, Paris, 268 p.
https://infodoc.agroparistech.fr/index.php?lvl=notice_display&id=37364

Feillet, P., Autran, J.-C. and Icard-Verniére, C. (2000) Pasta Brownness: An As-
sessment. Journal of Cereal Science, 32, 215-233.
https://doi.org/10.1006/jcrs.2000.0326

Laleg, K., Cassan, D., Barron, C., Prabhasankar, P. and Micard, V. (2016) Structural,
Culinary, Nutritional and Anti-Nutritional Properties of Protein-Rich, Gluten-Free,
100% Legume Pasta. PLOS ONE, 11, e016072.
https://doi.org/10.1371/journal.pone.0160721

Saulnier, L. (2012) Les grains de céréales: Diversité et compositions nutritionnelles.
Cahiers de Nutrition et de Diététique, 47, 4-15.
https://doi.org/10.1016/S0007-9960(12)70292-4

Jeantet, R., Croguennec, T., Shuck, P. and Brulé, G. (2006) Science des aliments:
Biochimie Microbiologie-Procédés-Produits. Volume 2, Technologie des produits
alimentaires. Editions TEC&DOC, Paris.

Cruz, J.F. and Béavogui, F. (2011) Le fonio, une céréale africanine.
https://www.quae-open.com/extract/116

Goncalves, A., Goufo, P., Rodriguesa, M., et al. (2016) Cowpea (Vigna unguiculata
L. Walp), a Renewed Multipurpose Crop for a More Sustainable Agri-Food System:
Nutritional Advantages and Constraints. Journal of the Science of Food and Agri-
culture, 96, 2941-2951. https://doi.org/10.1002/jsfa.7644

Pinel, P., Emmambux, M.N., Bourlieu, C. and Micard, V. (2023) Nutritional Con-
tributions and Processability of Pasta Made from Climate-Smart, Sustainable Crops:
A Critical Review, Critical Reviews. Critical Reviews in Food Science and Nutrition.
https://doi.org/10.1080/10408398.2023.2271952

WHO (2013) Directives: Sur Papport en potassium chez I'adulte et chez enfant
Organisation mondiale de la Santé. Résumé d’orientation.
https://iris.who.int/bitstream/handle/10665/85225/WHO_NMH_NHD_13.1_fre.pdf

La Frano, M.R,, de Moura, F.F., Boy, E., Lonnerdal, B. and Burri, B.J. (2014) Bio-
disponibilité des caroténoides de fer, de zinc et de provitamines A dans les cultures
de base biofortifié. Nutrition Reviews, 72, 289-307.

DOI: 10.4236/fns.2024.155023

359 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2024.155023
https://doi.org/10.1039/C4RA11857J
https://www.ansd.sn/sites/default/files/2023-01/NACE_2021_VERSION_FINALE-30122022-rev.pdf
https://www.ansd.sn/sites/default/files/2023-01/NACE_2021_VERSION_FINALE-30122022-rev.pdf
https://doi.org/10.1006/jfca.2002.1094
https://doi.org/10.1016/j.fitote.2005.11.008
https://doi.org/10.1016/j.foodres.2013.08.035
https://infodoc.agroparistech.fr/index.php?lvl=notice_display&id=37364
https://doi.org/10.1006/jcrs.2000.0326
https://doi.org/10.1371/journal.pone.0160721
https://doi.org/10.1016/S0007-9960(12)70292-4
https://www.quae-open.com/extract/116
https://doi.org/10.1002/jsfa.7644
https://doi.org/10.1080/10408398.2023.2271952
https://iris.who.int/bitstream/handle/10665/85225/WHO_NMH_NHD_13.1_fre.pdf

M. J.F.S. Lopy et al.

(28]

(29]

(30]

(31]

https://doi.org/10.1111/nure.12108

Vignola, M.B., Bustos, M.C. and Pérez, G.T. (2018) Comparaison de attributs de
qualité des pates extrudées raffinées et de blé entier. Lebensmittel- Wissenschaft &
Technologie, 89, 329-335. https://doi.org/10.1016/j.1wt.2017.10.062

Bustos, M.C,, Perez, G.T. and Leon, A.E. (2015) Structure et qualité de pates enrichies
d’ingrédients fonctionnels. RSC Advances, 5, 30780-30792.
https://doi.org/10.1039/C4RA11857]

Spehar, C.R. and de Barros Santos, R.L. (2002) Alternative to Diversify Our Grain
Production Systems. Pesquisa Agropecudria Brasileira, 37, 809-893.
https://doi.org/10.1590/S0100-204X2002000600020

Shogren, R.L., Hareland, G.A. and Wu, Y.V. (2006) Evaluation sensorielle ation et
composition de spaghettis enrichis en farine de soja. Journal of Food Science, 71,
$428-5432. https://doi.org/10.1111/j.1750-3841.2006.00061.x

DOI: 10.4236/fns.2024.155023

360 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2024.155023
https://doi.org/10.1111/nure.12108
https://doi.org/10.1016/j.lwt.2017.10.062
https://doi.org/10.1039/C4RA11857J
https://doi.org/10.1590/S0100-204X2002000600020
https://doi.org/10.1111/j.1750-3841.2006.00061.x

	Nutritional and Sensory Properties of Penne-Type Pasta Based on Cereals (Oryza sativa (L.), Digitaria exilis, Pennicetum glaucum), Tubers (Ipomoea batata, Manihot esculenta Crantz), and a Legume (Vigna unguiculata (L.))
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Experimental Materials
	2.2. Preparation of Penne-Type Pasta
	2.3. Physical and Chemical Analysis
	2.3.1. Moisture Content
	2.3.2. Ash Content
	2.3.3. Protein Content
	2.3.4. Carbohydrates
	2.3.5. Crude Fiber
	2.3.6. Fat Content
	2.3.7. Mineral Elements
	2.3.8. Phosphorus Content

	2.4. Sensory Test
	2.5. Statistical Analysis

	3. Results
	4. Discussion
	5. Conclusion
	Acknowledgements
	Conflicts of Interest
	References

