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Abstract

:

Chickpea flour is known to have good nutritional values. Nevertheless, it is commonly made from ground grains, and characterized by an “off-flavor”. Processing of chickpea grains before flour formation reduces the intensity of the off-flavor. Therefore, two experiments were conducted: first to examine the effect of conventional processing (soaking, boiling, and drying) on the nutritional composition of the chickpea flour; and second, to investigate the impact of processed chickpea flour incorporation with different ratios on the sensory properties of mankoushe zaatar, a popular Lebanese pastry, usually made up of refined wheat flour. Chickpea flour was found to be nutritionally superior compared to refined wheat flour, and conventional processing of the flour was found not to affect its content of protein, fats, carbohydrates, and phosphorus, while total dietary and crude fibers were significantly increased. The fatty acid profile was minimally affected, while magnesium and potassium were reduced. The sensory test conducted among panelists (n = 60) showed that the incorporation of processed chickpea flour into the dough of mankoushe zaatar with ratios of 30% and 50% provided an end-product with better taste and overall acceptability compared to the regular mankoushe. Hence, conventionally processed chickpea flour can be used as a fortifier to improve the nutritional quality of bakery products without negatively affecting their sensory properties.
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1. Introduction


Pulses are important crops cultivated around the world because of their nutritional value. They play an essential role in human nutrition, particularly in the dietary pattern of low-income individuals in developing and underdeveloped countries. Pulses are good sources of protein, carbohydrates, minerals, and vitamins. These grain legumes are characterized by high dietary fiber content, oligosaccharides, slowly digestible starch, and resistant starch [1]; thus, they are considered to be as low glycemic index food [2]. Pulses are known to be low in fat compared with oilseed grains. However, they contain mainly monounsaturated fatty acids (MUFAs), polyunsaturated fatty acids (PUFAs), and plant sterols [3]. In addition, pulses contain some bioactive compounds, making them an important food for human health. Pulse intake was associated with a lower risk of coronary heart diseases [4], diabetes mellitus [5], overweightness and obesity [6], as well as some types of cancers. They are essential in human nutrition and health management. Hence, the United Nations in its 68th general assembly declared the year 2016 as the “International Year of Pulses”, with goals to improve public awareness of the nutritional benefits of pulses as part of food production [4].



Worldwide, chickpeas received attention because of their physiological benefits. Extensive efforts have been conducted to increase the intake of these grain legumes by integrating them as flours into food products: bread [7,8], spaghetti [9], cakes [10], and even biscuits [11]. Interestingly, chickpea flour has also been used as a coating in potato chip slices to limit the acrylamide formation, a substance considered by the International Agency for Research on Cancer as “probably carcinogenic to humans”. Moreover, chickpea flour has been extensively studied for its nutritional value. It is a plentiful source of protein. Its content (24.4%–25.4%) is twice the amount found in wheat flour (9.3%–14.3%) [12]. Chickpea flour is known to be rich in lysine but limited in sulfur-containing amino acids—mainly methionine, tryptophan, and cysteine. This property makes chickpea flour an excellent enhancer of protein quality when mixed with other cereal flours [1,13]. In the semi-arid tropics, chickpea is an essential dietary component for individuals who cannot afford animal proteins [14]. Chickpea flour is characterized by its relatively high fiber content (3.9%–11.2%) compared to wheat flour (0.9%–1.8%). It is considered to be a good source of fat (3.7%–5.1%)—primarily linoleic acid as an essential PUFA [12]. Chickpea flour has been found to contain vitamins, mainly B-complex. In addition, the flour is reported to be an important source of minerals compared to wheat flour, namely phosphorus (P), magnesium (Mg), and potassium (K) [9]. Adequate intake of these essential macrominerals is reported to be potentially protective against obesity and metabolic disorders [15,16,17]. Chickpea flour use is of increasing importance. Nonetheless, the “off-flavor” of the grain is considered one of the crucial factors that may influence the acceptability of food products fortified with chickpea flour. Soaking and boiling as heat treatment are well-known for enhancing the flavor of chickpea grains [18], increasing fibers and protein availability [19], and removing the flatulence-producing compounds [20]. However, these methods might affect other nutrients [19]. There is still a need to improve the quality of chickpea flour regarding its flavor profile. In Lebanon, chickpea is used in several traditional dishes, as whole or mashed, boiled, or roasted grains, but not as flour. To our knowledge, the potential application of processed chickpea flour as an ingredient in Lebanese food products has not been previously examined, even though chickpea is an available and cheap pulse in the country.



Thus, the aim of this study was to examine the effect of processed chickpea flour incorporation with different ratios on the sensory properties of the traditional Lebanese pastry mankoushe zaatar. It is a widely consumed pastry similar to pizza, in which the dough base is topped with mixed herbs, known as zaatar. In this study, chickpea grains were conventionally processed (soaked, boiled, and dried), and the impact of processing on the chemical composition of the flour was also examined.




2. Materials and Methods


2.1. Materials


Chickpea grains (Cicer arietinum L.), Kabuli type, were purchased from the local Lebanese market. Chickpea grains were hand-sorted to remove foreign materials. Some of the grain was kept raw, and some was soaked in distilled water in the ratio of 1:10 (w/v) for 17 hours, after which the water was discarded and fresh tap water was added to the chickpeas in the ratio of 1:10 (w/v). Grains were boiled at 100 °C for 1 hour in a double-jacketed kettle, drained, then dried in an industrial air drier (Tecmon srl, Cassina De’ Pecchi MI, Italy) for 8 hours at 38–40 °C. The two types of chickpea, raw and treated grains, were ground into powder form with an electrical, multifunction swing type portable grinder (TIMEMORE, Shenzhen, China), sifted through a 60-mesh stainless steel sieve (250 µm particle size) to obtain a fine flour. Each kind of flour was packed in a vacuum form into nylon bags for later use. Refined wheat flour (as control) was obtained from Crown Flour Mills, Beirut, Lebanon.



For the topping, zaatar, ground oregano leaves, sesame seeds, and sumac spices were obtained from Safadi Center for Agriculture and Rural Development, Akkar, Lebanon. Xanthan gum was purchased from Middle East Food Ingredients Sal (MEFI) Offshore, Beirut, Lebanon. The additional ingredients (salt, yeast, sunflower oil, and ground white sugar) were all purchased from the local market. Three samples were prepared for the proximate fatty acids and macrominerals analysis. Sample 1 contained refined wheat flour as a control, sample 2 contained raw chickpea flour, and sample 3 contained processed chickpea flour.




2.2. Analytical Methods


2.2.1. Proximate Composition Analysis


The proximate composition analysis was carried out on the control flour, the raw chickpea flour, and the processed chickpea flour, according to the standard methods of the Association of Official Analytical Chemists (AOAC, 2005) [21]. Moisture, proteins, fat, ash, total dietary fibers, and crude fibers were determined. The moisture of the flours was determined by the air oven method. Samples were dried in an oven at 130 °C for 3 hours until a constant weight was obtained (Method No. 925.10) [21]. Protein content was determined by the Kjeldahl method with nitrogen to a protein conversion factor of 5.70 [22]. Lipids were determined by the gravimetric method after extraction with petroleum ether on a Soxhlet system (Method No. 920.85). Ash was determined according to the official method (Method No. 923.03) [21]. Carbohydrate content was calculated by difference (Carbohydrate% = 100 – (ash% + lipid% + protein% + moisture %)) [23]. Determination of total dietary fibers was based on the official method (Method No. 985.29), and that of crude fibers as well (Method No. 962.09) [21]. All the above analyses were done in triplicate.




2.2.2. Fatty Acid Profile Analysis


Fatty acid (FA) composition was measured in the three flour samples. Palmitic, palmitoleic, stearic, oleic, linoleic, and linolenic FA were determined according to the International Organization for Standardization (ISO) (ISO 12966-4:2015) [24]. The composition of fatty acids was determined by a gas chromatography-flame ionization detector, (GC-FID, Thermo Scientific, Milan, Italy). All the above analyses were done in triplicate.




2.2.3. Minerals Analysis


The macromineral content of phosphorus (P), magnesium (Mg), and potassium (K) was determined in the three different samples. All samples were digested with 4 mL of NHO3 and 2 mL of H2O2. Then 0.5 g of the sample was diluted in 50 mL. Some tubes were spiked with 1 ppm of P, Mg, and K each. One blank was spiked with 5 ppm of P, Mg, and K. Minerals were determined via inductively coupled plasma-atomic emission spectrometry (ICP-AES) [25]. All the above analyses were done in triplicate.





2.3. Mankoushe Preparation


Mankoushe is a dough-based pastry topped with mixed herbs, known as zaatar.



The base is usually made of refined wheat flour, and zaatar is composed of ground oregano leaves, sesame seeds, sumac spices, and salt, mixed in the following percentages, respectively: 35.86%, 43.04%, 17.93%, and 3.15%. In the present study, three types of mankoushe were made in which the base was modified and the topping was maintained: regular mankoushe with 100% refined wheat flour, as a control; “chickpea-30” mankoushe, containing dough made up of a mixture of refined wheat/processed chickpea flour (70/30); and “chickpea-50” mankoushe, in which the dough was made up with a mixture of refined wheat/processed chickpea flour (50/50). Afterward and upon use, sunflower oil was added to the topping mixture based on the following percentages: 31.70% topping mixture and 68.30% oil. As for the dough, the three types were prepared under controlled conditions, according to the formulation given in Table 1. Dry ingredients and water were first mixed at speed 1 (60 rpm) for 1 min in an industrial electrical mixer (KitchenAid KSM75WH Classic Plus Series); then 50 g of oil was added, and mixing proceeded at speed 2 (104 rpm) for 3 min. Finally, the rest of the oil (30 g) was added, and the dough was mixed until optimal development. Doughs were kept in the fermentation cabinet (Bread fermentation oven proofer, HR-15, Huaer, Guangdong, China) at a temperature of 40 °C for 30 min. Thereafter, doughs were flattened via a mini dough sheeter machine (BDQ-520C, Bossda, Guangzhou, China), portioned (15 g), panned, topped with the already prepared mixture (oil and herbs topping mixture), and left for final proofing for 10 min. The three types of mankoushe were baked in an electric oven (INEO BK-SCO10-E, INEO Kitchen Equipment Co., LTD, Guangzhou, China) for 6 min at 300 °C. Food samples were prepared just before the sensory test.




2.4. Sensory Evaluation


The study was approved by the Ethics Committee at the Doctoral School of Science and Technology (DSST), and all subjects were asked to sign a consent form before participation. Participants were recruited through an advertisement posted at the DSST, Lebanese University. A sensory analysis (Preference Test) was performed under optimal conditions (temperature: 22.2 °C, humidity: 53%). For the purpose of maximizing participant homogeneity, the study was conducted among untrained university females (n = 60), aged between 20 and 40 years (mean ± standard deviation (SD) of 24.15 ± 3.8). Subjects were completely blinded to the three mankoushe samples. The test samples, assigned with three number codes, were presented randomly to the panelists and served at room temperature. Four sensory characteristics: texture, color, taste, and overall acceptability were evaluated using a nine-point hedonic scale, with a score of 1 (Dislike Extremely), 5 (Neither Like nor Dislike), or 9 (Like Extremely) [26].




2.5. Statistical Analysis


Data were analyzed using Statistical Package for Social Sciences (SPSS, IBM Statistics version 23, Chicago, IL, USA). Food composition results are expressed as the mean value ± standard deviation of three separate determinations, and data were evaluated using two-way ANOVA and Tukey’s post-hoc test. Sensory parameters were analyzed by comparing the means using one-way ANOVA followed by Tukey’s post-hoc test. In all analysis, significant differences were determined at the p < 0.05 level.





3. Results and Discussion


3.1. Proximate Composition


The proximate compositions of flours are presented in Table 2. Protein, fat, ash, total fibers, and crude fibers contents were significantly higher (p < 0.001) in both chickpea flours compared to the refined wheat flour. However, moisture and carbohydrate contents were detected to be considerably lower. Chickpea flours appeared to be of higher nutritional value compared to refined wheat flour in terms of proteins, fat, ash, and fibers. These findings were in line with those reported by Hefnawy et al. [8].



Between the two types of chickpea flour, proteins, fat, and total carbohydrates appeared to be similar. However, ash content was significantly lower (p < 0.001) in processed (1.85%) compared to the raw (2.9%) chickpea flour. Total dietary fibers (15.75%), and crude fibers (3.7%) were modestly, but significantly (p < 0.001) increased in processed chickpea flour compared to raw chickpea flour, in which total dietary fibers and crude fibers were 14.70% and 1.63%, respectively. It appears that conventional processing of chickpea grains ultimately increased the fiber content of the flour. Fibers are the edible parts of pulses that are resistant to digestion and absorption in the human small intestine, with complete or partial fermentation in the large intestine. Fibers are of high importance since they have beneficial physiological effects, including laxation, blood glucose, and cholesterol attenuation [27]. The mechanism behind fibers increase is still unclear, and is thought to be due to Maillard reactions or to the presence of different amounts of fiber-associated resistant starch or protein–fiber complexes [28,29]. As for the compositions of chickpea flours, they appear to be comparable with others except for ash. The ash content appears to be significantly lower in our processed chickpea flour (1.85%) compared to previous findings (3.11%) [9].




3.2. Fatty Acids Profile


The fatty acids profile (Table 3) shows a significant difference (p = 0.023) in palmitic acid between refined wheat (21.96%) and both chickpea flours (about 12%). While the amount of saturated FA stearic acid (2.72%) was lower in wheat compared to raw and processed chickpea flours (about 4%), the linolenic, linoleic, oleic, and palmitoleic acid contents were similar between flours (refined wheat flour, raw, and processed chickpea flour).



In the current study, conventional processing had minimal effects on the FAs, except for stearic. Nevertheless, the impact of processing on the FA profile of chickpea flour is not well documented, and varied affects have been reported [30].



Furthermore, findings show that the main FAs found in raw and processed chickpea flours is the linoleic acid (about 58%) followed by the oleic acid (23%). Linoleic acid has numerous beneficial impacts, including improved blood lipid profile, improved insulin sensitivity, lower incidence of type 2 diabetes, and anti-arrhythmic effects [31]. Oleic acid is known to have beneficial effects on autoimmune and inflammatory diseases, as well as cancer and wound healing [32]. In summary, chickpea flours are considered good sources of PUFAs and MUFAs [12].




3.3. Mineral Composition


The phosphorus (P), magnesium (Mg), and potassium (K) content of chickpea flour (Table 4) was higher than that of refined wheat. In the current study, processing of chickpea flour was found to reduce the Mg (~17%) and K (55%) content significantly (p < 0.001), while P was minimally affected (9.26%). Mineral losses are likely to be attributed to their leakage into the cooking water or to the conventional processing steps. Soaking, cooking, drying, and milling are critical processes in flour production. Nonetheless, these steps are known to affect the concentrations of inorganic elements in grains [34].



P, Mg, and K are essential minerals to human health. They have been suggested to be potentially protective against obesity and metabolic disorders [15,16,17]. Previous studies showed other processing methods that can minimize mineral losses. Alajaji et al. reported that microwave cooking resulted in a great retention of minerals in chickpea grains, followed by autoclaving, then boiling [19]. Germination of grain legumes (chickpea, mungbean, and cowpea) followed by pressure cooking or microwaving for optimized times appeared to enhance the availability of minerals to a significant level [35].



Chickpea flours (raw and processed) in the present study differed in their mineral content from the ones reported earlier [9,19]. The difference observed could be related to variety, cultivar, or soil environment [36,37].




3.4. Sensory Evaluation


The sensory acceptability results of the three types of mankoushe—regular, chickpea-30, and chickpea-50—are presented in Table 5. Panelists’ acceptability means ratings of the four sensory attributes reveal that there was no significant difference between the “regular” and the two types of chickpea mankoushe with regard to texture and color. As for the taste, chickpea-50 mankoushe was significantly accepted (p = 0.026) compared to regular. Regarding the overall acceptability, a significantly higher score (p = 0.005) was observed between the regular and the two types of chickpea mankoushe. However, the chickpea-30 and chickpea-50 varieties were similar in all sensory attributes.



Processing is well-known to enhance the flavor of pulses [18]. In the current study, the impact of processing on the elimination of off-flavor bioactive substances is suggested. Some isoflavones, phenolic compounds, oxidized phosphatidylcholine, and lipoxygenase activity have been reported to be bioactive substances responsible for the off-flavors of chickpea [18]. The incorporation of processed chickpea flour at 50% enhanced the taste and overall acceptability of the mankoushe significantly. The sensory enhancement seen in this study could also be attributed to Maillard reactions [38]. It has been reported that under controlled conditions of temperature, time, water activity, and pH, the Maillard reactions could lead to improvement of flavor, aroma, texture, and color of the food product [39].



The use of raw chickpea flour as an ingredient in bread generated inconsistent data. Chickpea bread with an incorporation rate of 30% showed either similar [8] or lower sensory-acceptable properties compared to control bread [7,13]. Johnson et al. used extruded chickpea flour. Nonetheless, the use of extruded chickpea flour bread as part of a breakfast showed similar acceptability as white bread [40]. At present, it appears that the current study is the one of few studies in which the use of chickpea flour as an ingredient enhanced the palatability of chickpea-based product.





4. Conclusions


Raw and processed chickpea flours appear to be of a high nutritional value compared to refined wheat flour, even though conventional processing of chickpea grains affects the chemical composition of the flour. Nevertheless, processed chickpea flour is still considered to be a good source of protein, fibers, minerals, and healthy fats. Processed chickpea flour is suitable as an ingredient for bakery products, since its incorporation into the dough of mankoushe at different ratios enhances the sensory qualities of the baked product. Therefore, it is a promising fortifier to improve the nutritional properties of wheat-based products.







Author Contributions


S.D., H.M., and O.O. conceived, designed, and performed the research experiments; S.D. and O.O. analyzed the data. S.D., H.M., and O.O. wrote the paper. The manuscript was critically revised and approved by all authors.




Funding


This work was financially supported by the Lebanese University.




Conflicts of Interest


The authors declare no potential conflicts of interest with respect to the research, authorship, and publication of this article.




References


	



Singh, N. Pulses: An overview. J. Food Sci. Technol. 2017, 54, 853–857. [Google Scholar] [CrossRef]

	



Trinidad, T.P.; Mallillin, A.C.; Loyola, A.S.; Sagum, R.S.; Encabo, R.R. The potential health benefits of legumes as a good source of dietary fibre. Br. J. Nutr. 2010, 103, 569–574. [Google Scholar] [CrossRef] [PubMed]

	



Havemeier, S.; Erickson, J.; Slavin, J. Dietary guidance for pulses: The challenge and opportunity to be part of both the vegetable and protein food groups. Ann. N. Y. Acad. Sci. 2017, 1392, 58–66. [Google Scholar] [CrossRef]

	



Singh, B.; Singh, J.P.; Shevkani, K.; Singh, N.; Kaur, A. Bioactive constituents in pulses and their health benefits. J. Food Sci. Tech. 2017, 54, 858–870. [Google Scholar] [CrossRef] [PubMed]

	



Jenkins, D.J.A.; Kendall, C.W.C.; Augustin, L.S.A.; Mitchell, S.; Sahye-Pudaruth, S.; Mejia, S.B.; Chiavaroli, L.; Mirrahimi, A.; Ireland, C.; Bashyam, B.; et al. Effect of legumes as part of a low glycemic index diet on glycemic control and cardiovascular risk factors in type 2 diabetes mellitus: A randomized controlled trial. Arch. Intern. Med. 2012, 172, 1653–1660. [Google Scholar] [CrossRef]

	



Mollard, R.C.; Luhovyy, B.L.; Panahi, S.; Nunez, M.; Hanley, A.; Anderson, G.H. Regular consumption of pulses for 8 weeks reduces metabolic syndrome risk factors in overweight and obese adults. Br. J. Nutr. 2012, 108, S111–S122. [Google Scholar] [CrossRef] [PubMed]

	



Zafar, T.A.; Al-Hassawi, F.; Al-Khulaifi, F.; Al-Rayyes, G.; Waslien, C.; Huffman, F.G. Organoleptic and glycemic properties of chickpea-wheat composite breads. J. Food Sci. Tech. 2015, 52, 2256. [Google Scholar] [CrossRef]

	



Hefnawy, T.M.H.; El-Shourbagy, G.A.; Ramadan, M.F. Impact of adding chickpea (Cicer arietinum L.) flour to wheat flour on the rheological properties of toast bread. Int. Food Res. J. 2012, 19, 521–525. [Google Scholar]

	



Arab, E.A.; Helmy, I.M.F.; Bareh, G.F. Nutritional evaluation and functional properties of chickpea (Cicer arietinum L.) flour and the improvement of spaghetti produced from its. J. Am. Sci. 2010, 6, 1055–1072. [Google Scholar]

	



Gómez, M.; Oliete, B.; Rosell, C.M.; Pando, V.; Fernández, E. Studies on cake quality made of wheat–chickpea flour blends. LWT Food Sci. Tech. 2008, 41, 1701–1709. [Google Scholar] [CrossRef]

	



Yadav, R.B.; Yadav, B.S.; Dhull, N. Effect of incorporation of plantain and chickpea flours on the quality characteristics of biscuits. J. Food Sci. Tech. 2012, 49, 207–213. [Google Scholar] [CrossRef]

	



Rachwa-Rosiak, D.; Nebesny, E.; Budryn, G. Chickpeas—Composition, nutritional value, health benefits, application to bread and snacks: A review. Crit. Rev. Food Sci. Nutr. 2015, 55, 1137–1145. [Google Scholar] [CrossRef] [PubMed]

	



Mohammed, I.; Ahmed, A.R.; Senge, B. Dough rheology and bread quality of wheat–chickpea flour blends. Ind. Crop. Prod. 2012, 36, 196–202. [Google Scholar] [CrossRef]

	



Jukanti, A.K.; Gaur, P.M.; Gowda, C.L.L.; Chibbar, R.N. Nutritional quality and health benefits of chickpea (Cicer arietinum L.): A review. Br. J. Nutr. 2012, 108, S11–S26. [Google Scholar] [CrossRef]

	



Nielsen, F.H. Magnesium, inflammation, and obesity in chronic disease. Nutr. Rev. 2010, 68, 333–340. [Google Scholar] [CrossRef] [PubMed]

	



Obeid, O.A. Low phosphorus status might contribute to the onset of obesity. Obes. Rev. 2013, 14, 659–664. [Google Scholar] [CrossRef] [PubMed]

	



Cai, X.; Li, X.; Fan, W.; Yu, W.; Wang, S.; Li, Z.; Scott, E.M.; Li, X. Potassium and obesity/metabolic syndrome: a systematic review and meta-analysis of the epidemiological evidence. Nutrients 2016, 8, 183. [Google Scholar] [CrossRef]

	



Roland, W.S.; Pouvreau, L.; Curran, J.; Velde, F.; Kok, P.M. Flavor aspects of pulse ingredients. Cereal Chem. 2017, 94, 58–65. [Google Scholar] [CrossRef]

	



Alajaji, S.A.; El-Adawy, T.A. Nutritional composition of chickpea (Cicer arietinum L.) as affected by microwave cooking and other traditional cooking methods. J. Food Compos. Anal. 2006, 19, 806–812. [Google Scholar] [CrossRef]

	



Veenstra, J.M.; Duncan, A.M.; Cryne, C.N.; Deschambault, B.R.; Boye, J.I.; Benali, M.; Marcotte, M.; Tosh, S.M.; Farnworth, E.R.; Wright, A.J. Effect of pulse consumption on perceived flatulence and gastrointestinal function in healthy males. Food Res. Int. 2010, 43, 553–559. [Google Scholar] [CrossRef]

	



Horwitz, W.; Latimer, G.W. AOAC International. Official Methods of Analysis of AOAC International, 18th ed.; AOAC International: Gaithersburg, MD, USA, 2005. [Google Scholar]

	



Mariotti, F.; Tomé, D.; Mirand, P.P. Converting nitrogen into protein—Beyond 6.25 and Jones’ factors. Crit. Rev. Food Sci. Nutr. 2008, 48, 177–184. [Google Scholar] [CrossRef] [PubMed]

	



Sreerama, Y.N.; Sashikala, V.B.; Pratape, V.M.; Singh, V. Nutrients and antinutrients in cowpea and horse gram flours in comparison to chickpea flour: Evaluation of their flour functionality. Food Chem. 2012, 131, 462–468. [Google Scholar] [CrossRef]

	



ISO 12966-4:2015. Animal and Vegetable Fats and Oils—Gas Chromatography of Fatty Acid Methyl Esters—Part 4: Determination by Capillary Fas chromatography. Available online: https://www.iso.org/standard/63503.html (accessed on 12 October 2017).

	



Determination of Metals and Trace Elements in Water and Wastes by Inductively Coupled Plasma-Atomic Emission Spectrometry. Available online: https://www.epa.gov/sites/production/files/2015-06/documents/epa-200.7.pdf (accessed on 20 October 2017).

	



Stone, H.; Bleibaum, R.; Thomas, H.A. Sensory Evaluation Practices; Elsevier Academic Press: London, UK, 2012. [Google Scholar]

	



Tosh, S.M.; Yada, S. Dietary fibres in pulse seeds and fractions: Characterization, functional attributes, and applications. Food Res. Int. 2010, 43, 450–460. [Google Scholar] [CrossRef]

	



Vasishtha, H.; Srivastava, R.P. Effect of soaking and cooking on dietary fibre components of different type of chickpea genotypes. J. Food Sci. Tech. 2013, 50, 579–584. [Google Scholar] [CrossRef] [PubMed]

	



Pedrosa, M.M.; Cuadrado, C.; Burbano, C.; Muzquiz, M.; Cabellos, B.; Olmedilla-Alonso, B.; Asensio-Vegas, C. Effects of industrial canning on the proximate composition, bioactive compounds contents and nutritional profile of two Spanish common dry beans (Phaseolus vulgaris L.). Food Chem. 2015, 166, 68–75. [Google Scholar] [CrossRef]

	



Mittal, R.; Nagi, H.P.S.; Sharma, P.; Sharma, S. Effect of processing on chemical composition and antinutritional factors in chickpea flour. J. Food Sci. Eng. 2012, 2, 180. [Google Scholar]

	



Ryan, E.; Galvin, K.; O’connor, T.P.; Maguire, A.R.; O’brien, N.M. Phytosterol, squalene, tocopherol content and fatty acid profile of selected seeds, grains, and legumes. Plant Foods Hum. Nutr. 2007, 62, 85–91. [Google Scholar] [CrossRef]

	



Sales-Campos, H.; Reis de Souza, P.; Crema Peghini, B.; Santana da Silva, J.; Ribeiro Cardoso, C. An overview of the modulatory effects of oleic acid in health and disease. Mini Rev. Med. Chem. 2013, 13, 201–210. [Google Scholar] [PubMed]

	



Champ, M.; Langkilde, A.-M.; Brouns, F.; Kettlitz, B.; Collet, Y.L.B. Advances in dietary fibre characterisation. 1. Definition of dietary fibre, physiological relevance, health benefits and analytical aspects. Nutr. Res. Rev. 2003, 16, 71–82. [Google Scholar] [CrossRef]

	



Oghbaei, M.; Prakash, J. Effect of primary processing of cereals and legumes on its nutritional quality: A comprehensive review. Cogen. Food Agric. 2016, 2, 1136015. [Google Scholar] [CrossRef]

	



Bains, K.; Uppal, V.; Kaur, H. Optimization of germination time and heat treatments for enhanced availability of minerals from leguminous sprouts. J. Food Sci. Tech. 2014, 51, 1016–1020. [Google Scholar] [CrossRef] [PubMed]

	



Yadav, S.S.; Chen, W. Chickpea Breeding and Management; CABI: Oxfordshire, UK, 2007. [Google Scholar]

	



Zia-Ul-Haq, M.; Iqbal, S.; Ahmad, S.; Imran, M.; Niaz, A.; Bhanger, M.I. Nutritional and compositional study of desi chickpea (Cicer arietinum L.) cultivars grown in Punjab, Pakistan. Food Chem. 2007, 105, 1357–1363. [Google Scholar] [CrossRef]

	



Wang, K.; Lu, F.; Li, Z.; Zhao, L.; Han, C. Recent developments in gluten-free bread baking approaches: A review. Food Sci. Tech. 2017, 37, 1–9. [Google Scholar] [CrossRef]

	



De Oliveira, F.C.; Coimbra, J.S.; de Oliveira, E.B.; Zuñiga, A.D.; Rojas, E.E. Food protein-polysaccharide conjugates obtained via the Maillard reaction: A review. Crit. Rev. Food Sci. Nutr. 2016, 56, 1108–1125. [Google Scholar] [CrossRef]

	



Johnson, S.K.; Thomas, S.J.; Hall, R.S. Palatability and glucose, insulin and satiety responses of chickpea flour and extruded chickpea flour bread eaten as part of a breakfast. Eur. J. Clin. Nutr. 2005, 59, 169–176. [Google Scholar] [CrossRef] [PubMed]








[image: Table]





Table 1. Formulation of regular, chickpea-30 and chickpea-50 mankoushes.






Table 1. Formulation of regular, chickpea-30 and chickpea-50 mankoushes.





	Ingredients of the Dough
	Regular Mankoushe (Control)
	Chickpea-30 Mankoushe
	Chickpea-50 Mankoushe





	Refined wheat flour (g)
	1000
	700
	500



	Processed chickpea flour (g)
	0
	300
	500



	Yeast (g)
	15
	15
	15



	Sugar (g)
	70
	70
	70



	Salt (g)
	5
	5
	5



	Water (g)
	700
	700
	800



	Oil (g)
	80
	80
	80



	Xanthan gum (g)
	0
	10
	13
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Table 2. Proximate composition of refined wheat flour, as well a raw and processed chickpea flours (%).
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Components

	
Refined Wheat Flour (Control)

	
Raw Chickpea Flour

	
Processed Chickpea Flour

	
ANOVA




	
p-Value






	
Protein

	
12.28 ± 0.14 a

	
18.9 ± 0.01 b

	
19.09 ± 0.32 b

	
<0.001




	
Fat

	
1.57 ± 0.36 a

	
6.9 ± 1.31 b

	
7.50 ± 0.55 b

	
<0.001




	
Ash

	
0.46 ± 0.01 a

	
2.9 ± 0.31 c

	
1.85 ± 0.02 b

	
<0.001




	
Moisture

	
11.16 ± 0.45 c

	
9.46 ± 0.05 a

	
10.27 ± 0.08 b

	
0.001




	
Total carbohydrates *

	
73.34 ± 0.30 b

	
59.99 ± 1.71 a

	
59.47 ± 0.74 a

	
<0.001




	
Total dietary fibers **

	
2.30 ± 0.10 a

	
14.70 ± 0.10 b

	
15.75 ± 0.15 c

	
<0.001




	
Crude fibers ***

	
0.24 ± 0.12 a

	
1.63 ± 0.11 b

	
3.70 ± 0.40 c

	
<0.001








All values are means of triplicate determination ± standard deviation (mean ± SD). Means with different superscript letter