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Abstract

:

Gluten-free (GF) diets often become nutritionally imbalanced, being low in proteins and fibers and high in sugars. Preparing GF foods with improved nutritional value is therefore a key challenge. This study investigates the impact of different combinations of whey protein (11.9%), inulin (6.0%) as dietary fiber, and xylitol (27.9%) as a sweetener used in the enrichment of green- and red-lentil-based gluten-free cookies. The cookies were characterized in terms of baking loss, geometric parameters, color, texture, and sensory profile. The results showed that these functional ingredients had different impacts on the lentil cookies made of different (green/red) lentils, especially regarding the effect of fiber and xylitol on the volume (green lentil cookies enriched with fiber: 16.5 cm3, sweetened with xylitol: 10.9 cm3 vs. 21.2 cm3 for control; red lentil cookies enriched with fiber: 21.9 cm3, sweetened with xylitol: 21.1 cm3 vs. 21.8 cm3 for control) and color (e.g., b* for green lentil cookies enriched with fiber: 13.13, sweetened with xylitol: 8.15 vs. 16.24 for control; b* for red lentil cookies enriched with fiber: 26.09, sweetened with xylitol: 32.29 vs. 28.17 for control). Regarding the textural attributes, the same tendencies were observed for both lentil products, i.e., softer cookies were obtained upon xylitol and whey protein addition, while hardness increased upon inulin enrichment. Stickiness was differently influenced by the functional ingredients in the case of green and red lentil cookies, but all the xylitol-containing cookies were less crumbly than the controls. The interactions of the functional ingredients were revealed in terms of all the properties investigated. Sensory analysis showed that the addition of whey protein resulted in less intensive “lentil” and “baked” aromas (mostly for red lentil cookies), and replacement of sugar by xylitol resulted in crumblier and less hard and crunchier products. The application of different functional ingredients in the enrichment of lentil-based gluten-free cookies revealed several interactions. These findings could serve as a starting point for future research and development of functional GF products.
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1. Introduction


In genetically predisposed individuals, gluten—a protein fraction present in wheat, barley, and rye—can trigger several disorders, including celiac disease. Certain epitopes in these proteins can initiate an immune response. Following a strictly gluten-free-diet can help control both intestinal (e.g., abdominal pain, bloating, chronic diarrhea) and extraintestinal symptoms (e.g., weight loss, delayed growth, iron deficiency anemia, weakness, muscle cramps, infertility, thyroiditis) [1]. The prevalence of biopsy-proven celiac disease has been estimated to be 0.77% worldwide, strongly varying from one region to another (e.g., 0.05% in Japan and 2.56% in Sweden) [2]. The number of people diagnosed with food allergies and intolerances is increasing day by day, and even more people have a tendency to focus on a healthy lifestyle. Customers tend to make their choices not only based on prices or preferences, but also on the composition of the product. At the same time, “free from”, including gluten-free (GF), products are consumed not only for health reasons, but as part of a “health-conscious” diet culture. While a gluten-free diet is the cornerstone of therapy for celiac patients, up to 30% of Americans report having attempted to eliminate or reduce the amount of dietary gluten without any medical indication. However, most GF products are not “healthy”: they are usually rich in calories and poor in many nutrients [3]. As they are mainly based on rice and corn flour and starch, they have a low fiber content [4]. Their added sugar and saturated fat content, on the other hand, is usually too high. Due to their advantageous physiological and sensory characteristics and good technological qualities as thickeners or humectants, their resistance to heat and pH fluctuations, sugar alcohols—among which xylitol occupies an important position—are extensively employed by the food industry. Their success can also be attributed to consumers’ growing distaste for artificial additives, including intense sweeteners [5]. Xylitol has been recently attracting a growing interest and seems to be a proper choice for sugar substitution in gluten-free products as well [6,7].



The absence of gluten also results in a lower protein content. If gluten sensitivity is accompanied by a carbohydrate metabolism disorder, there is still a reduced range of ready-made, so-called convenience biscuit products. On the other hand, bread consumption among celiacs is significantly lower compared to the healthy population. In contrast, both sweet and savory biscuits’ consumption was shown to be significantly higher in the celiac group, this revealing that gluten-sensitive patients mostly cover their carbohydrate intake with biscuit-like products [8]. From 2020 to 2027, the gluten-free (GF) market is anticipated to expand at a compound yearly growth rate of 9.2% [4]. The global gluten-free products market size was valued at USD 5.9 billion in 2021 and is estimated to reach USD 7.5 billion by 2027 [9,10]. Although the choice of such foods is in continuous development, it is still a challenge to ensure that a GF product is high in protein and fiber and low in sugar. Different protein and fiber enrichments affect both physicochemical and sensory properties. Fiber-enrichment in GF cakes containing inulin resulted in improved specific volume, harder crumb, and brighter crust [11]. However, other authors found lower specific volumes in inulin-enriched breads, but on the other hand, higher fiber addition led to a physical and/or chemical impediment to digestion [12]. Proteins from animal sources such as whey and casein provide good technofunctional qualities in breads, such as solubility, gelling, and water-holding ability. On the other hand, bread blends with legume proteins were shown to have higher water absorption, weakening the dough strength and stability, thus altering the bread texture properties. One of the biggest obstacles to improving the protein content of bread is the potential alteration of specific volume, texture profile, color, or sensory attributes [13].



More nutrient-dense flours could be employed in GF bakeries to improve their nutritional profile. Di Cairano et al. report on GF biscuits created with different underutilized flours using buckwheat, sorghum, millet, lentil, and chickpea flours. Their experiments showed a good acceptance of these GF products, among which lentil-containing biscuits were the most preferred [4]. As potential carbohydrate sources, lentils (Lens culinaris Medik.) excel in terms of protein, fiber, folate, zinc, and iron content [14], as well as bioactives, such as polyphenols [15,16]. Nevertheless, in spite of their high nutritional value and low ecological footprint [17], lentils are not commonly used in bakery products, which may be due to different reasons such as the unusual taste, higher price compared to other pulses, or presence of antinutritive compounds (i.e., protease inhibitors) [18,19,20].



The above-mentioned Italian research group reports that legumes can be used to create GF biscuits that are acceptable and that may also improve their nutritional value, antioxidant activity, and glycemic index [18]. Another study examines the use of brown lentil flour in mixtures with wheat flour that contain up to 25% lentil flour. In comparison to the wheat product, the resulting cookies were harder and had different color features [21]. Our previous results show that GF biscuits can be successfully produced from different lentil flours (green, red, black, yellow, and brown) without adding any other flour. All the lentil flours were superior to the rice control in several terms, including sensory acceptability for some of the lentils [22].



The aim of this research was to further enhance the nutritionally favorable properties of lentil-based cookies in terms of increasing their protein (by adding 11.9% whey protein isolate) and fiber content (by adding 6.0% inulin fiber), as well as to develop a sugar-free product (by replacing sugar entirely by xylitol). Our study also aimed to gain a deeper insight into the functionality of the different ingredients and their interactions. The impact of protein (whey), fiber (inulin), sweetener (xylitol), and their combinations on the physical (geometry, baking loss, color, texture) and sensory attributes of lentil-based cookies were evaluated.




2. Materials and Methods


2.1. Materials


Lentils were purchased at a local market in Budapest, Hungary. The country of origin was Canada. The lentil seeds were milled and sieved with a 500 μm particle size mesh to produce flour as previously described [22]. Xylitol, powdered sugar, glucose, margarine, salt, and sodium bicarbonate were purchased from local supermarkets. Inulin (Orafti®FTX, long chain, inulin content: 98%, sweetness level: 0%) was provided by Beneo (Tienen, Belgium). Whey protein isolate (protein content: 91.7%) was purchased from a body building webshop (wheyprotein.hu accessed on 15 February 2020)




2.2. Preparation of Cookies


Lentil-based cookies were prepared as previously reported [22]. Control cookies were enriched with fiber and protein according to the following:



There was 12.6 g inulin incorporated into 87.4 g (instead of 100 g) of flour, replacing thus part of the lentil flour. This inulin level was chosen in line with the relevant EU regulation, corresponding to a ratio of 6% (w/w) of the total ingredients, which is the criterion for qualification as a product “high in fiber” [23].



There was 25.0 g whey protein isolate incorporated into 75.0 g (instead of 100 g) of flour. This amount was chosen in order to qualify the product as a “source of protein” [23].



For sugar-free cookies, sugars (saccharose and glucose) were entirely replaced by the corresponding amount of xylitol, taking into account their equivalent sweetening power [24].



The cookies were prepared according to 8 recipes, as summarized in Table 1. The dough was laminated to a 6 mm thickness and cut in circles of 50 mm of diameter with a cookie cutter. Twelve pieces were obtained from each sample type. They were baked for 10 min at 200 °C (static) in an electrically heated oven.



Cookies were placed in plastic bags and stored at room temperature. All investigations were performed on the following day.




2.3. Methods


2.3.1. Color Measurement


The surface color of each individual cookie was measured in the CIELab color space using the Chroma Meter CR-410 (Konica Minolta, Inc., Tokyo, Japan). The instrument was calibrated to a white standard plate (CR-A44) before measurements. L* is a measure of the lightness from black (0) to white (100), while a* describes the redness (positive) or greenness (negative) and b* describes yellowness (positive) or blueness (negative). The color differences perceived by the human eye between two sample types, Delta E (∆E), was calculated using the mean value of L*, a*, and b* obtained for the twelve replicates (baked cookies). There is no color difference perceived by the human eye if ∆E < 1, while a color difference is clearly visible if ∆E > 3 [25].




2.3.2. Determination of Baking Loss and Geometry


These were determined according to the previously described method [22]. Baking loss was characterized as the cookie weight reduction after baking. The diameter was obtained by taking two measurements from one cookie in 90° rotations. The height (thickness) was recorded at the center point and the edges. Twelve cookies were measured from each sample type. The spread ratio of a cookie was calculated by dividing the mean of two diameter values by the mean of three height values.




2.3.3. Texture Analysis


Texture profile analysis was carried out by using the Brookfield CT3 Texture Analyzer (Ametek Brookfield, Middleborough, MA, USA) equipped with a TA9 probe (stainless steel needle, diameter: 1.5 mm). Two cycles of 5 mm penetration were performed. The trigger load for the probe was 4 g. The test speed was set at 1 mm/s. Four cookies per sample type were randomly selected, and the measurement was replicated four times in the central position of each cookie. The data were recorded and analyzed by using the TexturePro CT v1.9 build 35 software (Ametek Brookfield, Middleborough, MA, USA) to calculate certain texture parameters.



The texture profile of the samples was determined by recording the load (g) as a function of time (s). The texture parameters were defined by the software and calculated as described in our previous study [22]. Briefly, hardness (g) is the maximum force observed in the first mastication cycle; adhesive force (g) is the peak of negative force measured in the first mastication cycle; cohesiveness (-) is the ratio of undercurve areas of positive force during the second to that during the first compression.




2.3.4. Sensory Tests


Sensory analyses were performed from freshly baked cookies, distributing the samples from the same baking lot between panel members after its homogenization. Samples were allocated 3-digit random sample codes. A simplified profile analysis was applied during the sessions, i.e., the sensory descriptors (required by ISO 11035) were previously established and the panelists were given a complete list of the attributes [26]. The panelists (13 for green lentil cookies and 16 for red lentil cookies) consisted of students and staff members of the Department of Dietetics and Nutrition Science. The sensory tests were carried out meeting the criteria of the relevant ISO standards [27]. The sample characteristics were compared to internal reference values determined previously for the reference sample (sugar-containing control cookie containing no added inulin or protein). Neutral mineral water was used as a taste neutralizer between evaluations. The values of sensory attributes were evaluated on a 1–100 structured linear scale (values were given in multiples of 10). The sensory descriptors used on the scoresheet were as follows: surface homogeneity: 1 = cracked surface, 100 = homogeneous, smooth surface; surface color: 1 = greenish-yellowish, 100 = reddish brown/brown; baked aroma: 1 = uncharacteristic, not perceptible baked aroma, 100 = intense roasted aroma; lentil aroma: 1 = uncharacteristic, not perceptible lentil aroma, 100 = intense lentil aroma; lentil taste: 1 = uncharacteristic, not perceptible lentil taste, 100 = intense lentil taste; sweet taste: 1 = uncharacteristic, not perceptible sweet taste, 100 = intense sweet taste; hardness: 1 = soft, 100 = hard; crunchiness: 1 = sticky, chewy, 100 = crunchy; crumbliness: 1 = crumbly, dry, 100 = not crumbly. The panelists were asked to rank samples according to the decrease of overall liking, so that the most appealing sample received the lowest score. At the end of the scoresheet, an open-ended textbox was provided to describe any additional perceptions and attributes.





2.4. Data Analysis


In the case of geometry parameters, the two (diameter) or three (height) measured data of one cookie were averaged. These mean values were used for statistical analysis (12 data per sample type).



In the case of texture parameters, the data interquartile range was used as the screening method prior to further analysis. Sixteen measured data were arranged in increasing order, and the lowest and the highest two data were skipped during analysis.



Statistical analysis of the data was performed with Statistica ver.13.5.0.17. (TIBCO Software Inc., Palo Alto, CA, USA) software. In the present experiment, there were three factors (xylitol, inulin, whey protein), and each factor had two levels (included or not included). In the case of physical and textural parameters, factorial analysis of variance (ANOVA) was used to examine the interactions among experimental factors (cookie ingredients). The partial eta-squared (η2p) from the factorial ANOVA was used to quantify the effect size. The magnitude of the effect sizes was interpreted as follows: small = 0.01, medium/moderate = 0.09, large = 0.25 [28]. Sensory data were analyzed by the one-sample Student’s t-test to compare different sample types with the reference sample (control). Tukey’s honestly significant difference (HSD) post hoc test was applied to determine the presence of statistically significant differences between sample types. The data from the preference ranking test were analyzed using Friedman’s test. The significance level (α) of 0.05 was set for all analyses.





3. Results and Discussion


3.1. Baking Loss and Geometry


The enrichment of lentil cookies by the combination of protein, fiber, and sweetener resulted in minimal differences in baking loss and geometry compared to the control.



For green lentil cookies baking loss varied between 16.3 and 18.2% compared to 17.0% for the control (see Table 2). There were no significant changes whether sugar was replaced by xylitol (16.9%) or whey protein isolate (WP) was added (16.9%) to the control; however, inulin enrichment led to significantly higher baking loss (18.2%). Water loss was not found to be significantly different in wheat cakes or biscuits where sugar, respectively wheat flour, was partly replaced by inulins [29,30]. However, Laguna et al. found a significant increase of water loss during baking for wheat-based biscuits enriched with different fibers (wheat and apple fibers) already at the 5% level. They attributed the water loss to the water retention capacity of fiber [31]. This water retention capacity of the inulin used in our experiments may be lower than the water retention capacity of the lentil flour, which was partly replaced by inulin. Stuck and co-workers also observed higher baking losses during fiber enrichments with different fibers [32]. Ho and Abdul Latif found variable baking losses in cookies with increasing fiber content and considered lower moisture content as favorable for cookies from the point of view of more shelf-stable products [33]. Water loss also increased in gluten-free cookies enriched with fruit pomaces as fiber sources [34]. Regarding cookies enriched with both fiber and protein, the presence of WP seems to compensate for the effect of inulin (baking loss for GL-IN-WP: 16.6%), with xylitol showing the same effect (baking loss for GL-XY-IN: 17.4%). Maravić et al. also observed an increase of moisture content upon the addition of whey protein [35]. Compared to the control, no significant baking loss changes were observed in any of these samples; however, a significantly lower value was obtained for the double-enriched and sugar-free product (GL-XY-IN-WP: 16.3%)



The diameters of green-lentil-based cookies varied between 48.7 and 64.3 mm, and the control diameter was 61.5 mm (Table 2). The diameter decreased significantly when xylitol was used instead of sugar (48.7 mm), which is in line with what was observed by Zoulias and co-workers, who explained the phenomenon by the effect of xylitol on the setting time of the dough [36]. Inulin addition increased spreading significantly for both sugar- and xylitol-containing cookies (diameters: 64.3 mm and 58.5 mm, respectively). Blanco Canalis and co-workers found a similar diameter increase when 12% of wheat flour was replaced by inulin (Orafti HP). They assumed that the solubility of inulin, as a soluble fiber, increases with temperature; thus, it is progressively dissolved during baking, this resulting in a rise of the spread rate (resulting in lower height and higher diameter values), improving biscuit quality [37]. The addition of WP did not exert any significant changes on the diameter; however, the diameter decreased significantly in xylitol-containing cookies enriched with WP as a result of the effect of the xylitol (62.8 mm for GL-WP vs. 58.0 mm for GL-XY-WP and 55.5 mm for GL-XY-IN-WP). The neutral effect of WP on the diameter is in line with results obtained for wheat-based cookies where the presence of 5–15% of whey protein did not cause any changes in diameters [38]. Cookies containing combined functional ingredients had overall smaller diameters (55.5–58.5 mm) compared to the control, except the sugar-based one, in which the simultaneous presence of inulin, WP and xylitol induced an increase in diameter (62.4 mm).



The heights of green-lentil-based cookies (Table 2) changed between 5.1 and 8.3 mm (7.1 mm for the control). Height was significantly reduced (5.9 mm) when sugar is replaced by xylitol. Struck and co-workers explained the height decrease upon sugar replacement by alternative sweeteners by earlier structure setting during baking, presumably caused by a lower starch gelatinization temperature [32]. Gong et al. also associated for this phenomenon with thermal gelatinization temperatures: lower gelatinization temperatures were observed for xylitol, which inhibits the formation of higher cookies [39]. Compared to the control, the cookies were significantly higher in the presence of WP only in sugar-containing (8.3 mm) samples or in samples with both WP and inulin (8.1 mm for GL-IN-WP, 8.2 mm for GL-XY-IN-WP). WP also induced an increase in height in xylitol-containing samples (5.9 mm for GL-XY vs. 7.7 mm in GL-XY-WP), partly counterbalancing the effect of xylitol. This effect of WP on the height of cookies is not in line with the observations of Komeroski and co-workers, who did not find any significant differences upon adding 10 or 20% WP to bread compositions based on chickpea–cassava flour or to wheat flour [40]. However, the literature reports are contradictory, as Ahmed et al. and Maravić et al. registered lower height values in wheat cookies enriched with 10–15%, respectively 20% WP; however, the difference may also be attributed to the absence of gluten in our case [35,38]. As a possible effect of WP, Maravić referred to the hydrogen bonds formed between WP and water, which may lead to a protein network that could modify the spreading properties in cookies. As the gluten network was not present in our products, this may lead to an inverted effect produced by WP, i.e., an increase in height. Inulin led to a significant decrease in height only in sugar-containing products (5.1 mm). Regarding the effect of inulin, our observations are in line with those obtained by Tsatsaragkou et al., who replaced part of the sugar by inulin and noticed a decrease in cookie height [29]. Blanco Canalis et al. obtained a similar height decrease (and diameter increase) upon the addition of inulin to wheat-based cookies [30,37], as well as Handa et al. [41]. However, the presence of xylitol compensated for this effect of inulin (6.5 mm for GL-XY-IN). The same, but even stronger compensating effect applies for WP (GL-IN-WP, GL-XY-IN-WP).



Cookie volumes varied between 10.9 cm3 and 25.8 cm3 (21.2 cm3 for the control). The production of sugar-free cookies resulted in a volume reduced by almost half (10.9 cm3) of the original. This can be attributed to the function of sucrose in baked goods, acting not only as a sweetener, but also controlling the gelatinization of starch, thus influencing the physical properties, especially the volume. In the presence of sucrose, starch gelatinization is a longer process, allowing thus a higher vapor pressure from water vapor and carbon dioxide during baking. As a result, air bubbles can grow in sugar-sweetened cakes or cookies, enabling the development of a voluminous cake structure [29]. Starch gelatinization is also crucial in gluten-free formulations, where the addition of certain types of starch in the gluten-free formula could improve the batter consistency [42]. Struck et al. obtained similar results with sugar-reduced cakes, concluding that substitution of sucrose weakens the stability of air bubbles and leads to an earlier rupture of the cell walls; thus, the gas-holding ability during baking is reduced [32]. Kweon and Levine also emphasized the positive role of sugar in starch gelatinization during the texture development of cookies [43]. The volume was also decreased by the enrichment with inulin for sugar-containing cookies (16.5 cm3); this effect was slightly compensated by xylitol (17.4 cm3 for GL-XY-IN). Similar to the impact on height, WP contributed to a significant volume increase, the highest volume being reached for GL-WP (25.8 cm3) and GL-IN-WP (24.8 cm3) cookies.



The spread ratio or “biscuit factor” (diameter/height) was determined to show shape changes during baking compared to the original value for raw dough (8.3 for our cookies). It is used to determine the quality of flour: higher spread ratios are desirable for cookies [44]. The spread ratio varies between 6.9 and 12.8 for green lentil cookies, and the control spread ratio was 8.6. Inulin produced a significant increase of spreading (12.8), while WP induced a significantly lower ratio (7.6). In the combined cookie, the simultaneous presence of xylitol and WP resulted in the lowest ratio (6.9). The results confirmed the above-mentioned observations: the addition of inulin increased the diameter, but not the height of the cookies, thus increasing the spread ratio, while WP did not influence the diameter, but increased the height, thus decreasing the spread ratio.



Regarding red-lentil-based cookies, a similar range was obtained for the baking loss values (16.9–17.9%; 16.9% for the control, see Table 3), while the presence of xylitol resulted in no significant change. As stated by other authors as well, xylitol-dominated blends produced doughs very similar to the sucrose-containing control [45]. This is partly explained by others as the influence of solubility on batter stability, xylitol having a solubility close to that of sucrose [46]. Enrichment with either WP or inulin produced higher baking losses (17.8% and 17.4%, respectively). By applying combined enrichments, overall higher baking losses were obtained in the presence of xylitol; however, the baking loss did not differ from the control in sugar-containing double-enriched cookies (baking loss for RL-IN-WP: 17.0%).



The diameters of red-lentil-based cookies varied between 58.0 and 67.4 mm, and the control diameter was 63.2 mm (Table 3). The presence of xylitol led to a decrease in diameter (58.0 mm), similar to green-lentil-based cookies. Diameters increased in the presence of inulin, whether used with sugar (67.4 mm) or xylitol (66.8 mm). WP enrichment did not contribute to any changes in diameter, whether in combinations or not.



The heights of red-lentil-based cookies changed between 6.1 and 8.4 mm, and the control height was 6.9 mm (Table 3). Xylitol had a different impact from that observed for green-lentil-based cookies, i.e., a significant increase of height (8.0 mm). The presence of WP resulted in a significant height increase in most of the cookies (7.6 mm for RL-WP, 8.4 mm for RL-XY-WP, 7.8 mm for RL-XY-IN-WP), except from the one in which it was combined only with inulin (7.5 mm). Similar to the case of green-lentil-based products, inulin produced a decrease in cookie height, compensated by the other two added ingredients.



Red lentil cookies had volumes between 21.1 cm3 and 25.3 cm3 (21.8 cm3 for the control). Interestingly, there were no significant differences observed by the addition of either inulin or xylitol; the only significantly different volumes were found for cookies with WP (RL-WP: 25.0 cm3, RL-XY-WP: 25.0 cm3, RL-IN-WP: 25.3 cm3). WP exerted a similar volume-increasing effect as observed for green lentil cookies.



Regarding spread ratio, similar tendencies were observed as for green lentil cookies: inulin produced an increase (11.1), while WP led to a decrease of the ratio (8.6); however, the latter was not significant. In red lentil cookies, xylitol also exerted a stronger decreasing effect on this parameter, producing a significantly lower biscuit factor on its own (7.3) and in combinations (RL-XY-IN: 10.5, RL-XY-WP: 7.4, RL-XY-IN-WP: 8.0). The spread ratios for red lentil cookies varied within limits similar to the green ones (7.3 and 11.1), and the control spread ratio was somewhat higher (9.2).



The interactions occurring when different enrichments were applied were analyzed based on the partial eta-squared results of the factorial ANOVA (see Figure 1; the interaction plots for the data of Table 2 and Table 3 can be seen in Figures S1 and S2). The interactions between different ingredients used for the enrichment of cookies are rarely analyzed, as in most cases, only one compound is changed in recipes. However, Gómez and Sciarini reported that the quality of gluten-free products is influenced by the interactions between ingredients (i.e., starch, sugar, proteins, etc.), and therefore, the effect of certain compounds should be evaluated in each product individually [47].



Analyzing our data, it can be concluded that the direction of the changes is the same for both lentil types. WP contributes to maintaining lower baking loss when used with inulin, i.e., there are no statistically significant differences between the control and IN-WP combinations (effect size of IN×WP interaction: 0.35 for green/large/and 0.20/moderate/for red lentils). If xylitol is used as a sweetener, there is no statistically significant difference between the baking loss of enriched cookies and cookies containing only xylitol, irrelevant of the type of lentil used. For red lentil cookies, sugar- and xylitol-containing samples showed the same trend. Therefore, only this INxWP interaction is significant here. However, the XYxIN and XYxWP interactions are only significant for green lentil samples, where in the presence of xylitol, both WP and inulin produce a different effect. In the presence of xylitol, inulin no longer causes a significant increase, while the effect of WP becomes significant and reduces the loss. Compared to the large effect of the INxWP interaction (0.35), the effects of XY-WP (0.09) and XY-IN (0.13) are only medium.



Xylitol induces a decrease of the diameter; however, this effect is inverted when it is used in combinations. The INxWP interaction is significant for both lentil types (0.46 and 0.24 for green and red lentils, respectively). The diameter-increasing effect of inulin is counteracted in the presence of WP. The XYxIN and XYxWP interactions are only significant for the green lentil cookies, and their effect is much smaller (0.08 and 0.14 for green and red lentils, respectively) than observed for the INxWP interaction.



The cookie height increased by WP, but this effect was counteracted by the interaction with inulin. The INxWP and XYxIN interactions are significant, but only the latter and only for the green lentil cookies is large (0.36). In the presence of sugar, the addition of inulin reduced the height considerably. Even though xylitol compensated for this effect, the height of the XY-IN sample was still significantly lower compared to the control. The XYxIN interaction is significant in the case of red lentil cookies as well, but its effect is small (0.08). The INxWP interaction is moderate for both lentils (0.10 and 0.14).



The cookie volumes were generally increased upon the addition of WP, either for sugar-containing or sugar-free combinations. Inulin and especially xylitol had markedly different effects on cookies made from green or red lentils, their effect having been more pronounced on the green lentil products. While none of the interactions were significant for red lentils, for green lentils, the XYxIN interaction is significant and large (0.31). In the presence of sugar, inulin addition resulted in a decrease in volume, while in the presence of xylitol, a volume increase was observed upon inulin addition. For both lentil types, the simultaneous presence of the three components (xylitol, inulin, WP) did not cause a significant change in the volume when compared to the control.



The spread ratio was positively impacted by the presence of WP (flatter cookies) and negatively influenced by inulin for both lentil types. The negative effect of the latter was compensated in combinations with WP and xylitol (especially for red lentil cookies). For both lentils, the INxWP interaction had a significant and large effect (0.37 and 0.33 for green and red lentil cookies, respectively). In the presence of WP, the effect of inulin was counterbalanced, thus no significant change was observed in comparison with the control. In the case of green lentil samples, the effect of XY-IN is also large (0.27); thus, not only WP, but also xylitol acts against the effect of inulin. The XY-IN interaction for the red lentils is also significant, but only small (0.07.)




3.2. Color (L*, a*, b*) Parameters


Color is a significant quality attribute because it can arouse an individual’s appetite. It is one of the process indicators during baking and roasting, as brown pigments are formed as the browning and caramelization reactions advance [48].



Positive a* and b* readings demonstrated that redness and yellowness predominated in cookie samples irrelevant of the lentil type. The Maillard reaction or non-enzymatic browning, which depends on the amount of reducing sugars and amino acids or proteins on the surface, baking temperature, and baking time, may stay in the background for the red coloring, as well as the air velocity in the oven and the ingredient composition [44,48].



In the case of sugar-containing green lentil cookies, the addition of xylitol (Table 4), WP or inulin did not induce any significant changes in L* compared to the control (35.68). The addition of the latter two did not produce a change in L* in sugar-free cookies either, and double-combined sugar-free cookies (35.58) did not differ significantly from the control. Even though Di Cairano and co-workers found higher L*, a*, and b* values for cookies enriched with soluble inulin, they concluded that there is no definite trend in the literature regarding the impact of inulin on the color of baked products [49]. The limited effect of inulin on the color is also explained by the restricted rate of the Maillard reaction in which sugars originating from inulin could serve as raw materials; on the other hand, protein–inulin interactions can also influence color [50]. Furthermore, the a* and b* values decrease upon replacement of sugar by xylitol and increase by WP addition. Inulin affected only the b* value (GL-IN: 13.13). WP addition on its own did not result in darker cookies, although other authors found that it would decrease lightness in WP-enriched corn-flour-based cookies. They attributed this effect to the high lysine content in WP: the ε-amino groups in lysine provide a source of free amino groups that react with the carbonyl groups of reducing sugars during the Maillard process [51]. However, Komeroski et al. report no changes in the color attributes of chickpea–cassava flour bread with 10–30% WP [40]. This supports our findings, leading us to the hypothesis that the Maillard reaction (leading normally to darkening and more reddish colors) has a limited role in the formation of the color of lentil-based cookies compared to cereal-based ones. This is further supported by the low hydroxymethyl-furfural values previously found by us in lentil cookies [22]. The effect of the Maillard process is more visible in the a* and b* values, which are higher, in the presence of WP, in accordance with the results of Sahagún et al. [51] and Komeroski et al. [40]. In samples with xylitol, both the a* and b* values generally decreased in most of the combinations. The color changes induced by xylitol are attributed to the absence of the melanoidins formed in the Maillard reaction of sugar-containing cookies. Clearly perceptible color differences were obtained for each of the combinations compared to the control (∆E: 3.3–9.2), except for the sugar-free, double-enriched cookies, which showed a perceivable, but not clearly visible color difference (1.9).



In the case of red lentil cookies (Table 5), the different lentil color led to generally lighter, more reddish, and yellowish cookies, as observed previously [22]. Otherwise, the trends were similar to those obtained for green lentil cookies, i.e., no significant changes upon enrichment with either inulin or WP. Here, however, the replacement of sugar by xylitol resulted in a more pronounced effect on lightness in any of the xylitol-containing combinations (L*: 48.05–53.01 compared to 45.25 for the control). Cookies were less reddish using xylitol in any combination (a*: 7.61–14.01 compared to 16.53 for the control). This effect of xylitol was somewhat attenuated by the presence of inulin or WP, especially by their combination (a*: 16.67 for RL-XY-IN-WP). On the other hand, cookies were more yellowish in the presence of xylitol (b*: 32.21–36.17 compared to 28.17 for the control). WP or inulin had no impact on the b* values when used as single enrichments, but produced higher values in combinations with xylitol. Visually perceivable differences covered a wider range (∆E: 2.7–12.5) than in the case of green lentil cookies, i.e., different functional ingredients had higher impacts on the color attributes of some red lentil cookies. However, color differences were not clearly visible for many cookies (∆E < 3). The observed differences were the highest in xylitol-containing cookies, due to considerably higher lightness and lower redness values. Thus, sugar replacement by xylitol has been shown to compromise the visual aspect of lentil-based cookies.



Regarding the interactions occurring upon applying different enrichments (see Figure 1; the interaction plots for the data of Table 4 and Table 5 can be seen in Figure S3), it can be concluded that, in terms of all color attributes, the replacement of sugar by xylitol had the highest impact (overall large effect sizes between 0.63 and 0.93, except for L* in green lentil cookies, which is moderate/0.24/). Large effect sizes exerted by XYxIN (0.64) and XYxWP (0.80) combinations were observed on the redness of red lentil cookies, a* values having been increased in sugar-free cookies upon either inulin or WP addition.




3.3. Textural Properties


The texture parameters were calculated from the texture profile recorded instrumentally and are summarized in Table 6 and Table 7.



Similar to those reported by many others, our green lentil cookies (Table 6) became harder by inulin enrichment [31,49]. Hardness decreased upon WP addition; however, other formulations reported that hardness increased by WP enrichment [35,51]. Cookies containing xylitol were softer (lower hardness), as many other authors found. This property is attributed to the higher affinity of xylitol for water [7,36].



Regarding stickiness, two cookies were significantly stickier (higher adhesive force) than all the others, both containing WP: GL-XY-WP and GL-XY-IN-WP. In terms of crumbliness, all the xylitol-containing cookies showed higher cohesiveness values, this indicating a less crumbly texture.



As observed for the geometrical parameters, the effects of the different functional ingredients were counteracted in combined enrichments, so that the hardness of GL-XY-IN-WP (639.4 g) did not differ significantly from that of the control (612.0 g). However, this was not reflected in the sensory test (Table 8).



Regarding the textural attributes of red lentil cookies (Table 7), the same tendencies were observed as for the green lentil products, i.e., softer cookies upon xylitol and WP addition, increased hardness upon inulin enrichment. Here, however, all the combinations resulted in significantly softer cookies compared to the control. Stickiness was also different from that observed for green lentil cookies: here, RL-XY, RL-WP, and RL-IN-WP were less sticky than the control. Finally, xylitol showed the same effect as for green lentil cookies in terms of crumbliness: xylitol-containing red lentil cookies were all less crumbly than the control.



Regarding interactions (see Figure 1; the interaction plots for the data of Table 6 and Table 7 can be seen in Figure S4), XYxWP exerted a significant and large interaction on hardness for both lentil types (0.63 and 0.42 for green and red lentil cookies, respectively). Hardness also decreased under the influence of xylitol and WP. In the case of green lentil cookies, adding WP to sugar-free samples increased hardness, but the hardness of the XY-WP-containing samples was still lower than the hardness of the control sample. In the case of red lentils, adding WP to the samples containing xylitol did not change the hardness. Even if gluten is absent, protein-starch interactions can play a significant role in texture formation. Proteins can retain water and form a gel, thus stabilizing the starch [40]. On the other hand, it was stated that the type of starch also impacts the efficiency of whey protein on several attributes, including thermo-mechanical properties, specific volume, and firmness [52]. Starch composition has been shown to be different in wheat breads enriched with green lentil flour compared to the wheat control [53]. Therefore, the combined effect of starch-protein can have a unique impact on texture, including hardness, which depends on both ingredients. In our case, the clear trend of hardness increase upon WP enrichment was confirmed for both lentil types.




3.4. Sensory Properties


The sensory profile analysis of green lentil cookies prepared with combined enrichments (Table 8, Figure S5) showed no significant differences in terms of baked aroma, lentil taste, and crumbliness. Differences were significant for surface homogeneity (GL-IN-WP having been the most homogeneous), surface color (GL-IN-WP was found the most reddish-brownish, this reflecting the high a* value obtained instrumentally), lentil aroma (the most intensive lentil aroma was found for GL-XY-IN, which does not seem to be in connection with perceived brownish color), sweet taste (GL-IN-WP was found to be the sweetest), hardness and crunchiness (for both, the highest ranking was obtained for GL-IN-WP). Cookies sweetened with xylitol preserved the greenish color of the lentils compared to the control; their surface was less homogeneous, and they were found to be softer, less crunchy, and less sweet. This is in agreement with the observations made by Winkelhausen et al., who also obtained softer and less crunchy cookies; however, they did not find any difference in sweetness [6]. In addition to softer texture, Mushtaq et al. also obtained crumblier cookies upon xylitol addition, in line with our observations [7]. The addition of inulin resulted in a more cracked surface (except from GL-IN-WP), as observed by others [30]. Combined with WP, inulin enrichment resulted in properties that were considerably different from the other combined products in terms of surface homogeneity and color, sweet taste, hardness, crunchiness, and crumbliness; however, the last four properties (together with lentil taste) were similar to those of the control. The higher hardness values obtained for GL-IN-WP cookies may also be attributed to the hardening effect of whey protein, which was observed by others [51,54]. Nevertheless, the hardness values obtained during instrumental texture analysis were not in line with those obtained during the sensory tests; thus, perception of hardness by the panelists was probably influenced by other attributes of the cookies (e.g., crunchiness, texture homogeneity). Increased crumbliness upon addition of WP was also observed by others in sponge cakes [35].



The sensory profile analysis of red lentil cookies (Table 9, Figure S6) showed significant differences for all the properties tested. Except for the RL-IN-WP combination, all the samples were less crumbly compared to the control, similar to the green lentil cookies. As for the green lentil cookies, the inulin–WP combination showed outstanding properties compared to the rest of the combinations: a more homogeneous surface, a more intensive reddish-brownish color, a less intensive lentil taste, a sweeter taste, a less soft and crunchier texture. Lentil notes and baked aroma were the most intensive for the RL-XY-IN combination. Xylitol-containing cookies were generally less sweet, less crumbly, and softer than the control. Baked aroma was the most intensive for the control, which was also the most homogeneous.





4. Conclusions


Our research revealed the potential of green- and red-lentil-based gluten-free cookies enriched with protein (whey protein) and fiber (inulin). The role of xylitol as an alternative sweetener was also tested regarding the formation of the measured properties. The technological parameters showed that baking loss is decreased by inulin, but for the green lentil cookies, this effect is counterbalanced when WP is simultaneously used. When xylitol is used as a sweetener, there is generally no major difference between the baking loss of double-enriched or control cookies. Cookies’ height was decreased and diameter was increased significantly when xylitol was used instead of sugar, while inulin and WP addition increased the spread ratio.



Regarding color, clearly perceptible differences were detected for all the enrichment combinations compared to the controls. All red-lentil-based cookies were lighter and more reddish and yellowish than the green-lentil-based ones. Sugar replacement induced a lighter color, especially for the red lentil cookies, while WP and inulin had no considerable effect on color when used alone, but produced significant color changes in combinations. The different functional ingredients had more pronounced impacts on the color properties of red lentil cookies, but in both cases, sugar replacement by xylitol was to the detriment of the visual aspect in terms of lightness and redness. In most of the cases, the interactions between xylitol, WP, and inulin in the XY-IN-WP cookies led to color attributes similar to the controls.



In terms of textural attributes, the same tendencies were observed for both lentil products, i.e., softer cookies were obtained upon xylitol and WP addition, while hardness increased upon inulin enrichment. Stickiness was differently influenced by the functional ingredients in the case of green and red lentil cookies, but all the xylitol-containing cookies were less crumbly than the controls.



Sensory attributes changed upon sugar replacement by xylitol in terms of softer, less crunchy, less sweet, and less homogeneous products. When inulin and WP were used in combination, the properties were significantly different from those of the other enriched or sugar-free cookies for both lentil types (surface homogeneity and color, sweet taste, hardness, crunchiness, and crumbliness).



Our findings demonstrated that different enrichments considerably affected many technological, textural, and sensory properties of both the green or red lentil cookies in different ways, particularly regarding the impact of inulin and xylitol on the green lentil cookies. The investigation of the roles and interactions between the different functional ingredients uncovered their functions in gluten-free lentil-based cookies. These results may serve as orientation points in the further development of functional GF products.








Supplementary Materials


The following Supporting Information can be downloaded at: https://www.mdpi.com/article/10.3390/foods11233819/s1, Figure S1: Interaction plots for the baking loss, diameter, and height of (a) green-lentil- and (b) red-lentil-based cookies; Figure S2: Interaction plots for the volume and spread ratio of (a) green-lentil- and (b) red-lentil-based cookies; Figure S3: Interaction plots for the color parameters of (a) green-lentil- and (b) red-lentil-based cookies; Figure S4: Interaction plots for the textural properties of (a) green-lentil- and (b) red-lentil-based cookies; Figure S5: Sensory profile of green-lentil-based cookies; Figure S6: Sensory profile of red-lentil-based cookies.





Author Contributions


Conceptualization, L.H., C.B. and R.J.; data curation, L.H. and R.J.; funding acquisition, R.J. and C.B.; investigation, L.H., C.B. and R.J.; methodology, L.H., C.B. and R.J.; project administration, É.C.C. and R.J.; resources, É.C.C. and C.B.; supervision, É.C.C.; validation, É.C.C.; visualization, L.H. and R.J.; writing—original draft, L.H. and C.B.; writing—review and editing, L.H., C.B. and R.J. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Data Availability Statement


The data presented in this study are available upon request from the corresponding author.




Acknowledgments


The authors are grateful to their students—Zsófia Nóra Nagy, Fruzsina Gréz-Leskó, and Judit Cseri—for contributing to the analyses. The authors acknowledge the volunteers who participated in the sensory test.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Sharma, N.; Bhatia, S.; Chunduri, V.; Kaur, S.; Sharma, S.; Kapoor, P.; Kumari, A.; Garg, M. Pathogenesis of celiac disease and other gluten related disorders in wheat and strategies for mitigating them. Front. Nutr. 2020, 7, 6. [Google Scholar] [CrossRef] [PubMed]

	



Bradauskiene, V.; Vaiciulyte-Funk, L.; Martinaitiene, D.; Andruskiene, J.; Verma, A.K.; Lima, J.P.M.; Serin, Y.; Catassi, C. Wheat consumption and prevalence of celiac disease: Correlation from a multilevel analysis. Crit. Rev. Food Sci. Nutr. 2023, 63, 18–32. [Google Scholar] [CrossRef]

	



Lerner, A.; O’Bryan, T.; Matthias, T. Navigating the gluten-free boom: The dark side of gluten free diet. Front. Pediatr. 2019, 7, 414. [Google Scholar] [CrossRef]

	



Di Cairano, M.; Condelli, N.; Galgano, F.; Caruso, M.C. Experimental gluten-free biscuits with underexploited flours versus commercial products: Preference pattern and sensory characterisation by check all that apply questionnaire. Int. J. Food Sci. Technol. 2022, 57, 1936–1944. [Google Scholar] [CrossRef]

	



Benedek, C.; Bodor, Z.; Merrill, V.T.; Kókai, Z.; Gere, A.; Kovacs, Z.; Dalmadi, I.; Abrankó, L. Effect of sweeteners and storage on compositional and sensory properties of blackberry jams. Eur. Food Res. Technol. 2020, 246, 2187–2204. [Google Scholar] [CrossRef]

	



Winkelhausen, E.; Jovanovic-Malinovska, R.; Velickova, E.; Kuzmanova, S. Sensory and microbiological quality of a baked product containing xylitol as an alternative sweetener. Int. J. Food Prop. 2007, 10, 639–649. [Google Scholar] [CrossRef]

	



Mushtaq, Z.; Rehman, S.-U.; Zahoor, T.; Jamil, A. Impact of xylitol replacement on physicochemical, sensory and microbial quality of cookies. Pak. J. Nutr. 2010, 9, 605–610. [Google Scholar] [CrossRef]

	



Valitutti, F.; Iorfida, D.; Anania, C.; Trovato, C.M.; Montuori, M.; Cucchiara, S.; Catassi, C. Cereal consumption among subjects with celiac disease: A snapshot for nutritional considerations. Nutrients 2017, 9, 396. [Google Scholar] [CrossRef]

	



Raju, K.; Roshan, D. Allied Market Research Gluten-Free Products Market by Type (Gluten-Free Baby Food, Gluten-Free Pasta, Gluten-Free Bakery Products, and Gluten-Free Ready Meals) and Distribution Channel (Convenience Stores, Specialty Stores, Drug-store & Pharmacy, and Others): Global Opportunity. Available online: https://www.alliedmarketresearch.com/gluten-free-products-market (accessed on 18 November 2022).

	



Grand View Research Gluten-Free Products Market Size, Share & Trends Analysis Report by Product, by Distribution Channel, By Region, and Segment Forecasts, 2022–2030. Available online: https://www.grandviewresearch.com/industry-analysis/gluten-free-products-market (accessed on 18 November 2022).

	



Gularte, M.A.; de la Hera, E.; Gómez, M.; Rosell, C.M. Effect of different fibers on batter and gluten-free layer cake properties. LWT Food Sci. Technol. 2012, 48, 209–214. [Google Scholar] [CrossRef]

	



Sciarini, L.S.; Bustos, M.C.; Vignola, M.B.; Paesani, C.; Salinas, C.N.; Pérez, G.T. A study on fibre addition to gluten free bread: Its effects on bread quality and in vitro digestibility. J. Food Sci. Technol. 2017, 54, 244–252. [Google Scholar] [CrossRef]

	



del Mercado, P.P.-V.; Mojica, L.; Morales-Hernández, N. Protein ingredients in bread: Technological, textural and health implications. Foods 2022, 11, 2399. [Google Scholar] [CrossRef]

	



Di Stefano, V.; Pagliaro, A.; Del Nobile, M.A.; Conte, A.; Melilli, M.G. Lentil fortified spaghetti: Technological properties and nutritional characterization. Foods 2020, 10, 4. [Google Scholar] [CrossRef] [PubMed]

	



Ganesan, K.; Xu, B. Polyphenol-rich lentils and their health promoting effects. Int. J. Mol. Sci. 2017, 18, 2390. [Google Scholar] [CrossRef] [PubMed]

	



Păucean, A.; Moldovan, O.P.; Mureșan, V.; Socaci, S.A.; Dulf, F.V.; Alexa, E.; Man, S.M.; Mureșan, A.E.; Muste, S. Folic acid, minerals, amino-acids, fatty acids and volatile compounds of green and red lentils. Folic acid content optimization in wheat-lentils composite flours. Chem. Cent. J. 2018, 12, 88. [Google Scholar] [CrossRef] [PubMed]

	



Chaudhary, A.; Tremorin, D. Nutritional and environmental sustainability of lentil reformulated beef burger. Sustainability 2020, 12, 6712. [Google Scholar] [CrossRef]

	



Di Cairano, M.; Galgano, F.; Tolve, R.; Caruso, M.C.; Condelli, N. Focus on gluten free biscuits: Ingredients and issues. Trends Food Sci. Technol. 2018, 81, 203–212. [Google Scholar] [CrossRef]

	



Khazaei, H.; Subedi, M.; Nickerson, M.; Martínez-Villaluenga, C.; Frias, J.; Vandenberg, A. Seed protein of lentils: Current status, progress, and food applications. Foods 2019, 8, 391. [Google Scholar] [CrossRef]

	



Faris, M.A.-I.E.; Takruri, H.R.; Issa, A.Y. Role of lentils (Lens culinaris L.) in human health and nutrition: A review. Mediterr. J. Nutr. Metab. 2012, 6, 3–16. [Google Scholar] [CrossRef]

	



Portman, D.; Maharjan, P.; McDonald, L.; Laskovska, S.; Walker, C.; Irvin, H.; Blanchard, C.; Naiker, M.; Panozzo, J.F. Nutritional and functional properties of cookies made using down-graded lentil—A candidate for novel food production and crop utilization. Cereal Chem. 2019, 97, 95–103. [Google Scholar] [CrossRef]

	



Hajas, L.; Sipos, L.; Csobod, É.C.; Bálint, M.V.; Juhász, R.; Benedek, C. Lentil (Lens culinaris Medik.) flour varieties as promising new ingredients for gluten-free cookies. Foods 2022, 11, 2028. [Google Scholar] [CrossRef]

	



European Parliament; Council of the European Union. Regulation (EC) No 1924/2006 of the European Parliament and of the Council of 20 December 2006 on nutrition and health claims made on foods. Off. J. Eur. Union 2006, L 404, 9–25. [Google Scholar]

	



Belitz, H.-D.; Grosch, W.; Schieberle, P. Carbohydrates. In Food Chemistry; Springer: Berlin, Heidelberg, 2009; pp. 248–339. [Google Scholar]

	



CIE (Commission Internationale de l’Éclairage). Technical Report: Colorimetry, 3rd ed.; CIE: Washington, DC, USA, 2004; ISBN 390-190-633-9. [Google Scholar]

	



ISO 11035:1994; Sensory Analysis—Identification and Selection of De-scriptors for Establishing a Sensory Profile by a Multidimensional Approach. ISO (International Organization for Standardization): Geneva, Switzerland, 1994.

	



ISO 13299:2003; Sensory Analysis—Methodology—General Guidance for Establishing a Sensory Profile. ISO (International Organization for Standardization): Geneva, Switzerland, 2003.

	



Cohen, J. A power primer. Psychol. Bull. 1992, 112, 155–159. [Google Scholar] [CrossRef]

	



Tsatsaragkou, K.; Methven, L.; Chatzifragkou, A.; Rodriguez-Garcia, J. The functionality of inulin as a sugar replacer in cakes and biscuits; highlighting the influence of differences in degree of polymerisation on the properties of cake batter and product. Foods 2021, 10, 951. [Google Scholar] [CrossRef] [PubMed]

	



Canalis, M.S.B.; Steffolani, M.E.; León, A.E.; Ribotta, P.D. Effect of different fibers on dough properties and biscuit quality. J. Sci. Food Agric. 2017, 97, 1607–1615. [Google Scholar] [CrossRef] [PubMed]

	



Laguna, L.; Sanz, T.; Sahi, S.; Fiszman, S.M. Role of fibre morphology in some quality features of fibre-enriched biscuits. Int. J. Food Prop. 2014, 17, 163–178. [Google Scholar] [CrossRef]

	



Struck, S.; Gundel, L.; Zahn, S.; Rohm, H. Fiber enriched reduced sugar muffins made from iso-viscous batters. LWT Food Sci. Technol. 2016, 65, 32–38. [Google Scholar] [CrossRef]

	



Ho, L.-H.; Latif, N.W.B.A. Nutritional composition, physical properties, and sensory evaluation of cookies prepared from wheat flour and pitaya (Hylocereus undatus) peel flour blends. Cogent Food Agric. 2016, 2, 1136369. [Google Scholar] [CrossRef]

	



Šarić, B.; Dapčević-Hadnađev, T.; Hadnađev, M.; Sakač, M.; Mandić, A.; Misan, A.; Škrobot, D. Fiber concentrates from raspberry and blueberry pomace in gluten-free cookie formulation: Effect on dough rheology and cookie baking properties. J. Texture Stud. 2018, 50, 124–130. [Google Scholar] [CrossRef]

	



Maravić, N.; Škrobot, D.; Dapčević-Hadnađev, T.; Pajin, B.; Tomić, J.; Hadnađev, M. Effect of sourdough and whey protein addition on the technological and nutritive characteristics of sponge cake. Foods 2022, 11, 1992. [Google Scholar] [CrossRef]

	



Zoulias, E.I.; Piknis, S.; Oreopoulou, V. Effect of sugar replacement by polyols and acesulfame-k on properties of low-fat cookies. J. Sci. Food Agric. 2000, 80, 2049–2056. [Google Scholar] [CrossRef]

	



Canalis, M.S.B.; León, A.E.; Ribotta, P.D. Effect of inulin on dough and biscuit quality produced from different flours. Int. J. Food Stud. 2017, 6, 13–23. [Google Scholar] [CrossRef]

	



Ahmed, H.A.M.; Ashraf, S.A.; AwadElkareem, A.M.; Alam, J.; Mustafa, A.I. Physico-chemical, textural and sensory characteristics of wheat flour biscuits supplemented with different levels of whey protein concentrate. Curr. Res. Nutr. Food Sci. J. 2019, 7, 761–771. [Google Scholar] [CrossRef]

	



Gong, S.; Xu, B.; Gu, X.; Li, W.; Yu, Y.; Zhang, W.; Wang, Z. Study on the effects of sugar alcohols and Angelica keiskei flour on cookie quality, antioxidant, and nutrition. Cereal Chem. 2020, 97, 714–722. [Google Scholar] [CrossRef]

	



Komeroski, M.R.; Homem, R.V.; Schmidt, H.D.O.; Rockett, F.C.; de Lira, L.; da Farias, D.V.; Kist, T.L.; Doneda, D.; Rios, A.D.O.; de Oliveira, V.R. Effect of whey protein and mixed flours on the quality parameters of gluten-free breads. Int. J. Gastron. Food Sci. 2021, 24, 100361. [Google Scholar] [CrossRef]

	



Handa, C.; Goomer, S.; Siddhu, A. Physicochemical properties and sensory evaluation of fructoligosaccharide enriched cookies. J. Food Sci. Technol. 2012, 49, 192–199. [Google Scholar] [CrossRef]

	



Horstmann, S.W.; Belz, M.C.E.; Heitmann, M.; Zannini, E.; Arendt, E.K. Fundamental study on the impact of gluten-free starches on the quality of gluten-free model breads. Foods 2016, 5, 30. [Google Scholar] [CrossRef] [PubMed]

	



Kweon, M.; Slade, L.; Levine, H.; Gannon, D. Cookie-versus cracker-baking—What’s the difference? Flour functionality requirements explored by SRC and alveography. Crit. Rev. Food Sci. Nutr. 2014, 54, 115–138. [Google Scholar] [CrossRef]

	



Adeola, A.A.; Ohizua, E.R. Physical, chemical, and sensory properties of biscuits prepared from flour blends of unripe cooking banana, pigeon pea, and sweet potato. Food Sci. Nutr. 2018, 6, 532–540. [Google Scholar] [CrossRef]

	



Kutyła-Kupidura, E.M.; Sikora, M.; Krystyjan, M.; Dobosz, A.; Kowalski, S.; Pysz, M.; Tomasik, P. Properties of sugar-free cookies with xylitol, sucralose, acesulfame K and their blends. J. Food Process. Eng. 2016, 39, 321–329. [Google Scholar] [CrossRef]

	



Sahin, A.W.; Zannini, E.; Coffey, A.; Arendt, E.K. Sugar reduction in bakery products: Current strategies and sourdough technology as a potential novel approach. Food Res. Int. 2019, 126, 108583. [Google Scholar] [CrossRef]

	



Gómez, M.; Sciarini, L.S. Gluten-free bakery products and pasta. In Advances in the Understanding of Gluten Related Pathology and the Evolution of Gluten-Free Foods; OmniaScience: Barcelona, Spain, 2015; ISBN 978-849-434-182-3. [Google Scholar]

	



Pereira, D.; Correia, P.M.R.; Guiné, R.P.F. Analysis of the physical-chemical and sensorial properties of Maria type cookies. Acta Chim. Slovaca 2013, 6, 269–280. [Google Scholar] [CrossRef]

	



Di Cairano, M.; Caruso, M.C.; Galgano, F.; Favati, F.; Ekere, N.; Tchuenbou-Magaia, F. Effect of sucrose replacement and resistant starch addition on textural properties of gluten-free doughs and biscuits. Eur. Food Res. Technol. 2021, 247, 707–718. [Google Scholar] [CrossRef]

	



Wang, C.; Wang, H.; Sun, X.; Sun, Y. Heat-induced interactions between whey protein and inulin and changes in physicochemical and antioxidative properties of the complexes. Int. J. Mol. Sci. 2019, 20, 4089. [Google Scholar] [CrossRef] [PubMed]

	



Sahagún, M.; Gómez, M. Influence of protein source on characteristics and quality of gluten-free cookies. J. Food Sci. Technol. 2018, 55, 4131–4138. [Google Scholar] [CrossRef]

	



Skendi, A.; Papageorgiou, M.; Varzakas, T. High protein substitutes for gluten in gluten-free bread. Foods 2021, 10, 1997. [Google Scholar] [CrossRef]

	



Gallo, V.; Romano, A.; Miralles, B.; Ferranti, P.; Masi, P.; Santos-Hernández, M.; Recio, I. Physicochemical properties, structure and digestibility in simulated gastrointestinal environment of bread added with green lentil flour. LWT Food Sci. Technol. 2022, 154, 112713. [Google Scholar] [CrossRef]

	



Pérez, S.; Matta, E.; Osella, C.; de la Torre, M.; Sánchez, H.D. Effect of soy flour and whey protein concentrate on cookie color. LWT Food Sci. Technol. 2013, 50, 120–125. [Google Scholar] [CrossRef]








[image: Foods 11 03819 g001 550] 





Figure 1. Results of factorial ANOVA analysis performed on lentil cookies’ data. The partial eta-squared (η2p) of the interactions is shown only for significant values (p < 0.05). Mark ‘−’ means that the interaction effect was not significant (p > 0.05). XY: xylitol, IN: inulin, WP: whey protein isolate. 
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Table 1. Recipe of the prepared cookies.
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Ingredient

	
% a

	
Amount (g)




	

	

	
Control

	
XY

	
IN

	
WP

	
XY-IN

	
XY-WP

	
IN-WP

	
XY-IN-WP






	
Lentil flour

(green or red)

	
29.7–47.6

	
100.0

(47.6%)

	
100.0

(47.6%)

	
87.4

(41.6%)

	
75.0

(35.7%)

	
87.4

(41.6%)

	
75.0

(35.7%)

	
62.4

(29.7%)

	
62.4

(29.7%)




	
Powdered sugar

	
27.5 or 0.0

	
57.8

	
-

	
57.8

	
57.8

	
-

	
-

	
57.8

	
-




	
Glucose solution

(5 g/100 mL)

	
7.0 or 0.0

	
14.6

	
-

	
14.6

	
14.6

	
-

	
-

	
14.6

	
-




	
Distilled water

	
3.4 or 10.0

	
7.1

	
21.0

	
7.1

	
7.1

	
21.0

	
21.0

	
7.1

	
21.0




	
Margarine

(with 70% fat content)

	
13.5

	
28.4

	
28.4

	
28.4

	
28.4

	
28.4

	
28.4

	
28.4

	
28.4




	
Sodium bicarbonate

	
0.5

	
1.11

	
1.11

	
1.11

	
1.11

	
1.11

	
1.11

	
1.11

	
1.11




	
Salt

	
0.4

	
0.93

	
0.93

	
0.93

	
0.93

	
0.93

	
0.93

	
0.93

	
0.93




	
Xylitol

	
0.0 or 27.9

	
-

	
58.5

	
-

	
-

	
58.5

	
58.5

	
-

	
58.5




	
Inulin

	
0.0 or 6.0

	
-

	
-

	
12.6

	
-

	
12.6

	
-

	
12.6

	
12.6




	
Whey protein isolate

	
0.0 or 11.9

	
-

	
-

	
-

	
25.0

	
-

	
25.0

	
25.0

	
25.0








a Proportion of ingredients in total formulation where the sum of all ingredients is 210 g. Mark ‘-‘ means that the ingredient was not included in the recipe.
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Table 2. Baking loss and geometry of green lentil cookies.






Table 2. Baking loss and geometry of green lentil cookies.





	Sample
	Baking Loss

(%)
	Diameter

(mm)
	Height

(mm)
	Volume

(cm3)
	Spread Ratio

(-)





	GL (control)
	17.0 ± 0.4 bc
	61.5 ± 3.1 d
	7.1 ± 0.3 cd
	21.2 ± 2.4 d
	8.6 ± 0.6 cd



	GL-XY
	16.9 ± 0.9 abc
	48.7 ± 0.4 a
	5.9 ± 0.4 ab
	10.9 ± 0.8 a
	8.4 ± 0.6 bcd



	GL-IN
	18.2 ± 0.3 d
	64.3 ± 2.2 e
	5.1 ± 0.6 a
	16.5 ± 2.3 b
	12.8 ± 1.7 e



	GL-WP
	16.9 ± 0.4 abc
	62.8 ± 1.0 de
	8.3 ± 0.4 e
	25.8 ± 1.3 e
	7.6 ± 0.4 ab



	GL-XY-IN
	17.4 ± 0.4 c
	58.5 ± 1.9 c
	6.5 ± 0.4 bc
	17.4 ± 1.5 bc
	9.1 ± 0.7 d



	GL-XY-WP
	17.5 ± 0.7 c
	58.0 ± 2.1 bc
	7.7 ± 1.2 de
	20.4 ± 3.6 d
	7.7 ± 1.3 abc



	GL-IN-WP
	16.6 ± 0.4 ab
	62.4 ± 1.5 de
	8.1 ± 0.5 e
	24.8 ± 1.8 e
	7.7 ± 0.6 abc



	GL-XY-IN-WP
	16.3 ± 0.8 a
	55.5 ± 1.9 b
	8.2 ± 0.9 e
	19.7 ± 2.0 cd
	6.9 ± 1.0 a







GL: green lentil flour, XY: xylitol, IN: inulin, WP: whey protein isolate. Data presented as the mean ± the standard deviation (n = 12). Within each column, different letters represent the significant difference between means (p < 0.05; factorial ANOVA, Tukey’s HSD test).
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Table 3. Baking loss and geometry of red lentil cookies.






Table 3. Baking loss and geometry of red lentil cookies.





	Sample
	Baking Loss

(%)
	Diameter

(mm)
	Height

(mm)
	Volume

(cm3)
	Spread Ratio

(-)





	RL (control)
	16.9 ± 0.9 a
	63.2 ± 3.2 bc
	6.9 ± 0.5 bc
	21.8 ± 2.4 a
	9.2 ± 0.8 c



	RL-XY
	17.3 ± 0.3 abc
	58.0 ± 1.6 a
	8.0 ± 0.4 de
	21.1 ± 1.5 a
	7.3 ± 0.4 a



	RL-IN
	17.4 ± 0.4 bc
	67.4 ± 4.9 d
	6.1 ± 0.4 a
	21.9 ± 3.7 a
	11.1 ± 1.1 d



	RL-WP
	17.8 ± 0.2 c
	64.8 ± 1.4 bcd
	7.6 ± 0.4 d
	25.0 ± 1.4 b
	8.6 ± 0.5 bc



	RL-XY-IN
	17.9 ± 0.2 c
	66.8 ± 1.8 d
	6.4 ± 0.5 ab
	22.4 ± 2.5 ab
	10.5 ± 0.9 d



	RL-XY-WP
	17.8 ± 0.2 c
	61.6 ± 3.3 b
	8.4 ± 0.7 e
	25.0 ± 2.3 b
	7.4 ± 1.0 a



	RL-IN-WP
	17.0 ± 0.2 ab
	65.6 ± 1.0 cd
	7.5 ± 0.3 cd
	25.3 ± 1.0 b
	8.8 ± 0.4 bc



	RL-XY-IN-WP
	17.7 ± 0.6 c
	61.3 ± 2.6 ab
	7.8 ± 0.8 de
	23.0 ± 2.6 ab
	8.0 ± 1.0 ab







RL: red lentil flour, XY: xylitol, IN: inulin, WP: whey protein isolate. Data presented as the mean ± the standard deviation (n = 12). Within each column, different letters represent the significant difference between means (p < 0.05; factorial ANOVA, Tukey’s HSD test).
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Table 4. Color parameters of green lentil cookies.






Table 4. Color parameters of green lentil cookies.





	Sample
	L*
	a*
	b*
	∆E





	GL (control)
	35.68 ± 6.80 bcd
	6.82 ± 0.86 c
	16.24 ± 1.82 d
	-



	GL-XY
	32.89 ± 0.72 ab
	3.45 ± 0.33 a
	8.15 ± 0.99 a
	9.2



	GL-IN
	34.46 ± 1.28 abc
	6.65 ± 0.49 c
	13.13 ± 1.08 bc
	3.3



	GL-WP
	37.77 ± 1.13 cd
	9.97 ± 0.30 d
	18.50 ± 1.10 e
	4.4



	GL-XY-IN
	31.17 ± 0.88 a
	4.34 ± 0.40 b
	8.77 ± 0.95 a
	9.1



	GL-XY-WP
	32.56 ± 1.04 ab
	6.29 ± 0.24 c
	12.26 ± 1.00 b
	5.1



	GL-IN-WP
	39.17 ± 1.25 d
	10.03 ± 0.40 d
	19.08 ± 0.90 e
	5.5



	GL-XY-IN-WP
	35.58 ± 1.14 bcd
	6.60 ± 0.57 c
	14.31 ± 1.01 c
	1.9







GL: green lentil flour, XY: xylitol, IN: inulin, WP: whey protein isolate. Data presented as the mean ± the standard deviation (n = 12). Within each column, different letters represent the significant difference between means (p < 0.05; factorial ANOVA, Tukey’s HSD test). Delta E (∆E) refers to the total color difference compared to the control.
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Table 5. Color parameters of red lentil cookies.






Table 5. Color parameters of red lentil cookies.





	Sample
	L*
	a*
	b*
	∆E





	RL (control)
	45.25 ± 2.74 a
	16.53 ± 0.73 e
	28.17 ± 3.04 a
	-



	RL-XY
	53.01 ± 1.41 c
	7.61 ± 0.33 a
	32.29 ± 1.08 b
	12.5



	RL-IN
	43.86 ± 1.72 a
	15.31 ± 1.11 d
	26.09 ± 2.93 a
	2.8



	RL-WP
	43.22 ± 1.48 a
	16.82 ± 0.52 e
	26.40 ± 1.73 a
	2.7



	RL-XY-IN
	48.05 ± 2.22 b
	10.93 ± 0.29 b
	32.21 ± 5.69 b
	7.5



	RL-XY-WP
	52.64 ± 1.54 c
	14.01 ± 0.35 c
	36.17 ± 1.25 c
	11.2



	RL-IN-WP
	43.29 ± 1.53 a
	17.78 ± 0.31 f
	26.76 ± 1.66 a
	2.7



	RL-XY-IN-WP
	50.75 ± 2.90 bc
	16.67 ± 0.37 e
	36.02 ± 2.38 c
	9.6







RL: red lentil flour, XY: xylitol, IN: inulin, WP: whey protein isolate. Data presented as the mean ± the standard deviation (n = 12). Within each column, different letters represent the significant difference between means (p < 0.05; factorial ANOVA, Tukey’s HSD test). Delta E (∆E) refers to the total color difference compared to the control.
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Table 6. Textural properties of green lentil cookies.






Table 6. Textural properties of green lentil cookies.





	Sample
	Hardness

(g)
	Adhesive Force

(g)
	Cohesiveness

(-)





	GL (control)
	612.0 ± 152.5 c
	39.4 ± 28.0 ab
	0.04 ± 0.01 a



	GL-XY
	135.0 ± 24.6 a
	46.3 ± 6.4 ab
	0.19 ± 0.03 c



	GL-IN
	820.9 ± 190.5 d
	59.5 ± 36.0 b
	0.06 ± 0.02 a



	GL-WP
	350.1 ± 65.7 b
	12.3 ± 8.8 a
	0.03 ± 0.01 a



	GL-XY-IN
	290.8 ± 68.5 ab
	60.6 ± 15.4 b
	0.21 ± 0.06 c



	GL-XY-WP
	446.5 ± 103.0 b
	106.7 ± 35.8 c
	0.15 ± 0.04 b



	GL-IN-WP
	435.8 ± 102.8 b
	29.0 ± 19.8 ab
	0.03 ± 0.01 a



	GL-XY-IN-WP
	639.4 ± 178.8 c
	174.3 ± 58.5 d
	0.13 ± 0.01 b







GL: green lentil flour, XY: xylitol, IN: inulin, WP: whey protein isolate. Data presented as the mean ± the standard deviation (n = 12). Within each column, different letters represent the significant difference between means (p < 0.05; factorial ANOVA, Tukey’s HSD test).
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Table 7. Textural properties of red lentil cookies.






Table 7. Textural properties of red lentil cookies.





	Sample
	Hardness

(g)
	Adhesive Force

(g)
	Cohesiveness

(-)





	RL (control)
	762.1 ± 218.5 d
	98.5 ± 82.2 bc
	0.05 ± 0.02 a



	RL-XY
	177.3 ± 46.9 a
	38.4 ± 9.8 a
	0.23 ± 0.04 b



	RL-IN
	964.0 ± 206.0 e
	127.0 ± 83.9 c
	0.05 ± 0.02 a



	RL-WP
	397.7 ± 145.5 bc
	23.4 ± 24.2 a
	0.03 ± 0.02 a



	RL-XY-IN
	228.4 ± 58.6 ab
	48.0 ± 15.7 ab
	0.28 ± 0.04 c



	RL-XY-WP
	252.8 ±73.8 ab
	61.9 ± 23.0 ab
	0.19 ± 0.07 b



	RL-IN-WP
	467.3 ± 126.6 c
	25.9 ± 21.2 a
	0.04 ± 0.02 a



	RL-XY-IN-WP
	274.8 ± 44.2 ab
	75.9 ± 16.3 abc
	0.21 ± 0.06 b







RL: red lentil flour, XY: xylitol, IN: inulin, WP: whey protein isolate. Data presented as the mean ± the standard deviation (n = 12). Within each column, different letters represent the significant difference between means (p < 0.05; factorial ANOVA, Tukey’s HSD test).
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Table 8. Sensory properties of green lentil cookies.






Table 8. Sensory properties of green lentil cookies.













	
	GL (Control)
	GL-XY-IN
	GL-XY-WP
	GL-IN-WP
	GL-XY-IN-WP





	Surface homogeneity
	70 A
	44 ± 19 b,B
	18 ± 15 a,B
	85 ± 11 c,B
	32 ± 16 ab,B



	Surface color
	40 A
	26 ± 23 a,A
	22 ± 15 a,B
	82 ± 12 b,B
	33 ± 17 a,A



	Baked aroma
	10 A
	38 ± 28 a,B
	22 ± 25 a,A
	33 ± 26 a,B
	34 ± 25 a,B



	Lentil aroma
	30 A
	41 ± 28 b,A
	14 ± 23 a,B
	14 ± 13 a,B
	16 ± 20 a,B



	Lentil taste
	40 A
	56 ± 24 a,B
	36 ± 25 a,A
	33 ± 28 a,A
	35 ± 21 a,A



	Sweet taste
	60 A
	38 ± 27 a,B
	37 ± 18 a,B
	62 ± 25 b,A
	27 ± 13 a,B



	Hardness
	70 A
	15 ± 14 a,B
	32 ± 13 b,B
	76 ± 17 c,A
	28 ± 14 ab,B



	Crunchiness
	80 A
	28 ± 17 a,B
	40 ± 15 a,B
	83 ± 16 b,A
	37 ± 16 a,B



	Crumbliness
	30 A
	51 ± 30 a,B
	55 ± 27 a,B
	32 ± 19 a,A
	51 ± 31 a,B







GL: green lentil flour, XY: xylitol, IN: inulin, WP: whey protein isolate. Data presented as the mean ± the standard deviation (n = 13). Within each row, different lower-case letters represent the significant difference between means (p < 0.05; one-way ANOVA, Tukey’s HSD test). Within each row, different upper-case letters represent the significant difference compared to the control value (p < 0.05; one-sample Student’s t-test).
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Table 9. Sensory properties of red lentil cookies.






Table 9. Sensory properties of red lentil cookies.













	
	RL (Control)
	RL-XY-IN
	RL-XY-WP
	RL-IN-WP
	RL-XY-IN-WP





	Surface homogeneity
	70 A
	46 ± 16 a,B
	45 ± 23 a,B
	84 ± 09 b,B
	42 ± 15 a,B



	Surface color
	70 A
	49 ± 21 b,B
	28 ± 16 a,B
	78 ± 14 c,B
	27 ± 17 a,B



	Baked aroma
	80 A
	66 ± 23 b,B
	34 ± 27 a,B
	57 ± 29 ab,B
	41 ± 28 ab,B



	Lentil aroma
	50 A
	68 ± 26 b,B
	42 ± 27 a,A
	40 ± 25 a,A
	36 ± 25 a,B



	Lentil taste
	40 A
	68 ± 22 b,B
	43 ± 31 ab,A
	28 ± 23 a,B
	41 ± 29 a,A



	Sweet taste
	60 A
	44 ± 26 a,B
	40 ± 29 a,B
	70 ± 18 b,B
	37 ± 25 a,B



	Hardness
	70 A
	17 ± 14 a,B
	36 ± 15 b,B
	78 ± 16 c,A
	33 ± 13 b,B



	Crunchiness
	80 A
	26 ± 13 a,B
	44 ± 16 b,B
	87 ± 10 c,B
	42 ± 17 b,B



	Crumbliness
	30 A
	76 ± 17 b,B
	62 ± 15 b,B
	22 ± 16 a,A
	68 ± 19 b,B







RL: red lentil flour, XY: xylitol, IN: inulin, WP: whey protein isolate. Data presented as the mean ± the standard deviation (n = 16). Within each row, different lower-case letters represent the significant difference between means (p < 0.05; one-way ANOVA, Tukey’s HSD test). Within each row, different upper-case letters represent the significant difference compared to the control value (p < 0.05; one-sample Student’s t-test).
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