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Abstract

:

This research aimed to evaluate the effect of adding different levels of eggplant flour in cookie on the physicochemical and nutritional characteristics and to verify the sensory acceptability among children. Four eggplant flour cookie formulations were prepared: EF0 (or standard), EF2.5, EF5.0, and EF7.5 (Eggplant Flour 0, 2.5, 5.0 and 7.5%, respectively). The sensory acceptability, physicochemical and nutritional composition were evaluated. The eggplant flour addition of 7.5% to cookie reduced the acceptability (p > 0.05). The samples EF5.0 and EF7.5 showed higher diameter, expansion and thermal factor, while the EF0 and EF2.5 had higher thickness (p < 0.05). The flour addition significantly increased the hardness, Water activity (Aw), Titratable Acidity (TA) and Soluble Solids (SS) in the cookie, however, L* a* and b*, pH and SS/TA ratio values were reduced (p < 0.05). Increased levels of ash, dietary fibers, ascorbic acid, anthocyanins, total phenolic compounds and antioxidant activity were verified on the cookie after eggplant flour addition. Meanwhile, there was a reduction in energy and carbohydrate values. It is concluded that eggplant flour addition up to 5% in cookie maintains the sensory acceptability similar to the standard product when evaluated by children. In addition, it can be considered a viable alternative to improve most of the physicochemical and nutritional characteristics of the product.
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1. Introduction


The eggplant, botanically classified as Solanum melongena L., is a non-tuberous species of great economic and agronomic importance for Solanaceae family [1,2]. Its cultivation has begun more than 4000 years ago at Southeast Asia [2] and, currently, is spread all over the world, with an annual production of 50 million tons approximately [3]. In Brazil, there are more than 11,000 farming establishment eggplant producers. On average, 70,000 tons are cultivated by year with a special focus for the Southeast and South region of the country, which holds the biggest production [4].



Although different varieties of eggplants exist, the most commonly cultivated has an oblong format, shining deep-purple color and green stem. The vegetable has characteristics of berries and it contains many edible soft seeds [2,5]. Its composition presents high levels of vitamin A, folate, vitamin k, vitamin C, potassium, phosphorus, magnesium and calcium [6]. Besides, the eggplant has antioxidant compounds such as phenolic compounds and anthocyanin. The phenolic compounds decrease intestinal absorption of monosaccharides, which helps to regulate the circulating glucose levels in patients with diabetes mellitus. The anthocyanins, on the other hand, help with hyperlipidemia treatment and in atherogenic cardiovascular disease prevention by inhibition of lipid peroxidation. Eggplants also present a low caloric level, which could be used in weight reduction diets [2,5,7,8].



The per capita consumption of eggplant is small and it is 0.88 lb/yea [9]. The low acceptability is due to the presence of the nicotinoid alkaloids which confers a bitter taste to the vegetable [2]. In childhood, particularly, these compounds are noticed more intensely, once that children are more sensitive to the bitter taste when compared to adults [10]. School-age children usually present low acceptability by vegetables, about 78% of them dislike eggplant [11]. Besides, the general consumption of vegetables among kids is approximately 150 g/day [12], lower than the World Health Organization (WHO) recommendation, which recommends 400 g for fruits and vegetables [13].



Some technological alternatives have been used to introduce the eggplant into the usual diet, as an example the use of eggplant flour [8] in cookies [5], breads [14], cakes [7] and pasta in general [15]. Its flour can be obtained by a process of lyophilization, which consists of removing water from the food by sublimation at a high vacuum, however, it has high-level production costs. Thus, the vegetable dehydration in oven drying or conventional oven seems to be more accessible strategy. Furthermore, when compared to lyophilization, drying may increases the antioxidant capacity, retains more phenolic compounds [16,17], flavonoids and anthocyanins [16] in eggplants.



Panification products such as biscuits, bread, cakes and pasta products are widely accepted by the world population. In Brazil, biscuits represent the most profitable category for the market, with a per capita consumption of 7.2 kg/year. Currently, there are several options being sold. Biscuit- type cookies stand out due to the constant increase in production and sales. It is estimated that 29,000 tons were produced in 2019, with sales of R$ 967,000 [18]. Cookies are often consumed by all age ranges due to the practice, storage ease, long shelf-life [19]. In the specific case of children, cookies stand out due to their attractive attributes, great appearance, crunchy texture, sweetened taste and flavor [20]. Nevertheless, they can contain high lipids, sugar levels, and low fiber, vitamins, mineral levels, which is not recommended for child consume. In that regard, the addition of fruits and vegetable flour can be a better strategy to improve the nutritional value of cookies [5,7,8,21]. However, there are acceptable levels of these flour addition in food products, as high concentrations can cause sensory and technological prejudice. The addition of 10% eggplant flour in cookie reduced the acceptability for taste and appearance attributes among adults [8], raised the hardness and promoted color darkness in the product product [5]. In this context, this research aimed to evaluate the effect of adding different levels of eggplant flour in cookie on the physicochemical and nutritional characteristics and to verify the sensory acceptability among children.




2. Materials and Methods


2.1. Ethical Approval


The study was conducted in accordance with the Declaration of Helsinki and the ethical approval was conceded by the Ethics Committee of Midwest State University, protocol number 3,089,447/2018. This research included children aged 7–10, enrolled between 2nd and 5th grade in 10 public schools in the urban area of Guarapuava, PR, Brazil. All children declared their consent and had informed consent from the legal guardian to participate in the research.




2.2. Food Acceptance Evaluation


In order to evaluate the food acceptance a questionnaire containing food designs belonging all food groups was elaborated: cereals; fruits; vegetables; dairy; meats and eggs; beans and oilseeds; oils and fats; sugar and sweets [22]. The foods included in this questionnaire were marketed in region of Guarapuava, at low cost and accessible to children, besides being usually offered in school meals. A total of 214 children received and responded to printed instrument with “x” whether they liked the described food or not. The purpose of applying this instrument was to identify the healthier and most nutritious food with lower acceptance among children and then use it as an ingredient in the elaboration of a new product. The food with lower acceptance was eggplant, being used as ingredient in the cookie elaboration.




2.3. Eggplant Flour Elaboration


The eggplants (Solanum melongena L.), with better visual appearance, smooth surface without imperfections and bright deep-purple color, were purchased (20 kg) from a local market in Guarapuava. The fruits were washed in potable running water and sanitized in sodium hypochlorite solution (200 ppm) for 15 min and rinsed under running water again [23]. Then were integrally sliced (approx. thickness of 5 mm) and dried in oven drying with air circulation (Pardal®, SEDi-C 40L model, Rio de Janeiro, RJ, Brazil) at 65 °C for 24 h. After they remained at room temperature (22 °C) up to total cooling, they were milled in a mill (Tecnal®, TE-631/4 model, Piracicaba, SP, Brazil) and passed through a sieve with 32 mesh/Tyler opening (Bertel®, 5 mm, Caieiras, SP, Brazil), obtaining a final yield flour of 1.5 kg.




2.4. Cookie Formulations


Four eggplant flour cookie formulations were prepared: EF0 (or standard), EF2.5, EF5.0 and EF7.5 (Eggplant Flour 0, 2.5, 5.0 and 7.5%, respectively) (Figure 1). These percentages were defined through preliminary sensory tests performed with the product (data not shown). The following ingredients were also used: wheat flour (F1: 48.0%, F2: 45.5%, F3: 43.0%, F4: 40.5%), eggs (16.6%), butter (13.8%), chocolate drops (11.0%), brown sugar (9.7%), vanilla essence (0.5%) and chemical yeast (0.4%). The other ingredients, besides eggplants, were also purchased from local markets in Guarapuava.



For the cookies’ elaboration, the butter, brown sugar and vanilla essence were mixed using a domestic blender (Arno®, SX34 model, Itaqui, SP, Brazil). Then, the eggs were added and mixed until homogenization. Afterwards, the wheat and eggplant flour were incorporated to dough. The chemical yeast and chocolate drops were added and mixed manually at the end of preparing. The cookies were molded in circular format (approx. 4 cm of diameter) and baked at 180 °C for 12 min in electric oven (Fischer®, hot grill model, Brusque, SC, Brazil) preheated. After that, they rested until reach room temperature (22 °C) and were packed in hermetically sealed plastic containers until the analysis.




2.5. Sensory Evaluation


The sensory evaluation was performed in available classrooms at the schools with the same children who answered the questionnaire described in Section 2.2. Each test was carried in portable sensory booths individually and each child was instructed by the researchers to fill the answers. The appearance, flavor, taste, texture and color were evaluated with a 7-point structured facial hedonic scale, going from 1 (Super bad) to 7 (Super good), adapted from Kroll [24]. Furthermore, acceptance and purchase intention questions were applied with a 5-point structured facial scale (going from 1—Dislike a lot/Would not buy it to 5—Like a lot/would certainly buy it). The consumers received 10 g of each sample on white disposable plates (15 cm) coded with three-digit numbers, in a randomized and balanced way. A glass of water was provided for cleaning the palate. The formulations were offered in a monadic sequence. The Acceptability Index (AI) was calculated according to the formula: AI (%) = A × 100/B (A = mean grade obtained for the product; B = maximum grade given to the product) [25].




2.6. Physicochemical and Nutritional Analysis


To the physical evaluation cookies from the same batch (n = 10) were chosen randomly. The mass parameters, diameter and thickness were determined according to the precepts describe by the American Association of Cereal Chemists [26]. Diameter and thickness were measured using an analogical pachymeter (Mitutoyo®, 530-104BR model, Kawasaki, OL, Japan). The expansion factor was obtained by the ratio diameter/thickness of the cookie. The thermal factor was obtained by the ratio between the pre-bake and after baking mass values. Each unit of cookie was considered as an experimental replay.



The hardness was measured with five replicates in all formulations within 24 h after baking. A texture Analyzer with a probe HDP/BSK (a knife simulator) was used (Stable Micro Systems®, TA.XT Plus C model, Godalming, SY, UK), interconnected with the Exponent Lite Software (Stable Micro Systems®, version 4.0.8.0, Godalming, SY, UK) installed in a computer. The cookie (approx. 1 cm of thickness and 4 cm of diameter) was compressed up to break, the strength spent was defined as cutting force. The measurement conditions were maintained as the pre-test speed at 1 mm/s, test speed at 3 mm/s, post-test speed at 10 mm/s and trigger force of 0,1 N.



The color was analyzed in five replicates for eggplant flour and cookies. Chromatic parameters were obtained in a colorimeter (Konica Minolta®, Chroma Meter CR 4400 model, Tokyo, HSJ, Japan) using CIELAB (L*, a*, b*) color systems according to Commission Internationale de l’Écleirage. L* defines Lightness (0 = black, 100 = white), a* indicates red (positive a*) or green value (negative a*) and b* indicates yellow (positive b*) or blue value (negative b*) [27].



The chemical determinations were performed in triplicate on the eggplant flour and all the cookie formulations. The water activity (Aw) was determined by an Aw analyzer (Novasina®, Labswift model, Lachen, SZ, Switzerland) at 22 °C; pH, measured by a bench pH meter (Tecnopon®, mPA-210 model, Piracicaba, SP, Brazil), calibrated with pH 4.0 and 7.0 buffers; Titratable Acidity (TA) evaluated according to the Association of Official Analytical Chemistry (AOAC) [28]. Initially 5 g of sample was added to 95 mL of distilled water. The titration was made with the aid of digital burette (Brand®, Z567132 model, Essex, CT, USA), containing sodium hydroxide solution (0.1 mol L−1) until reaching pH 8.1. The results expressed as g of citric acid 100 g−1; Soluble Solids (SS) were measured according to AOAC [28] with solubilization of the samples in a known volume of distilled water (1:3, m/v) at room temperature (22 °C). Two to three drops of the sample filtrate were used and the reading was performed on a bench-top refractometer (Bel®, RTA-100 model, Monza, MB, Italy). Values were expressed by °Brix (scale from 0 up to 95 °Brix–minimal score of 0.25 °Brix); SS/TA ratio which was obtained by dividing SS and TA values.



For the nutritional composition analysis, the samples were evaluated in triplicate according to the following measurements: moisture determined in a drying oven at 105 °C until weight constant (g 100 g−1); ash (g 100 g−1) analyzed in a muffle furnace at a temperature of 550 °C; protein (g 100 g−1) analyzed through to the Kjeldahl method. The factor 6.25 was used for the nitrogen conversion into crude protein [28]; lipid (g 100 g−1) by the hot extraction method with Soxhlet extractor and petroleum ether [29]; carbohydrate (g 100 g−1) by difference method (% carbohydrate = 100 − (% moisture + % ash + % protein + % lipid + % dietary fiber); total, soluble and insoluble dietary fiber were determined according to the AOAC 991.43 method. Total fiber and insoluble dietary fiber by enzymatic method and the soluble dietary fiber were calculated by the difference of the total and insoluble dietary fiber results [28]; energy value (kcal 100 g−1), calculated by the values recommended for lipid (9 kcal g−1), protein (4 kcal g−1), carbohydrate (4 kcal g−1) and fiber (2 kcal g−1) [30]. The Daily Reference Value (DRV) for fibers was calculated for 30 g of the sample (three cookie units), based on the recommended daily mean intake values for children (7 to 10 years) [31], resulting in 26.8 g day−1.



The bioactive compounds and antioxidant activity were evaluated in triplicate in the eggplant flour and cookies.



Ascorbic acid was estimated by the titrimetric method of AOAC (2016) modified by Benassi and Antunes [32]. Samples were homogenized with 1% oxalic acid (1:10 m/v) and titrated against 2,6-dichlorophenol-indophenol (DCFI) dye. The results were expressed in mg ascorbic acid 100 g−1.



The samples submitted to the analysis of anthocyanins, total phenolic compounds and antioxidant activity were extracted using the solvent ethanol. 2.5 g of sample plus 15 mL of 80% ethanol solvent were used. The samples were vortexed (1 min) at room temperature (22 °C) in low light and placed in a water bath at 40 °C for 10 min (in the extraction for analysis of antioxidant activity the water bath was not performed). The homogenate was centrifuged at 5000× g rpm for 10 min (22 °C) and the supernatant was recovered. Then the supernatants were pooled and the volume standardized to 25 mL.



The quantification of anthocyanins was made by the differential pH method [33]. Two buffer solutions were used, a KCl buffer (0.025 M–pH 1.0) and a CH3COONa buffer (0.4 M–pH 4.5). For each repetition, two test tubes were used with the following constituents: (a) 0.3 mL of the ethanolic extract was added with 2.7 mL of KCl buffer; (b) 0.3 mL of the ethanolic extract was added with 2.7 mL of CH3COONa buffer. The contents were mixed well and remained at room temperature (22 °C) for 15 min. Then readings were made on a spectrophotometer (Agilent Technologies®, Cary 60 UV model, Santa Clara, CA, USA) at 520 and 700 nm. The reading at 700 nm was performed to discount the turbidity of the sample. The results were reported as mg of cyanidin-3-glucoside (C3GE) 100 g−1.



The Total Phenolic Compounds (TPC) was determined based on the Folin-Ciocalteau method described by Woisky and Salatino [34], using gallic acid as a standard for the calibration curve. In a test tube, 0.5 mL of the ethanolic extract was added 2.5 mL of the Folin-Ciocalteau reagent (10%). After 5 min, 2 mL of Na2CO3 (4%) was added. The contents were well mixed and left at room temperature (22 °C) without light for 2 h. Absorbance was measured on a spectrophotometer (Agilent Technologies®, Cary 60 UV model, Santa Clara, CA, USA) at 765 nm. The results were expressed as mg of Gallic Acid Equivalent (GAE) 100 g−1.



The Antioxidant Activity (AA) was evaluated using the 2,2′-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid (ABTS) radical method, as proposed by Re et al. [35] with modifications. The formation of the ABTS•+ radical was given by homogenizing equal parts of ABTS (7 mM) and potassium persulfate (140 mM) with storage for 16 h at room temperature (22 °C) in the dark. The solution was then diluted in phosphate buffered saline (PBS) (5 mM–pH 7.4) until the absorbance of 0.70 nm ± 0.05 nm at 734 nm. This solution was used to determine the standard curve (with Trolox up to 100–2000 μM) and samples. In a test tube, 0.5 mL of the ethanolic extract was added with 0.2 mL of ABTS•+ solution. The contents were mixed well and remained at room temperature (22 °C) for 2 min. Spectrophotometer (Agilent Technologies®, Cary 60 UV model, Santa Clara, CA, USA) reading was performed, absorbance at 734 nm and the results were expressed as µmol Trolox equivalents 100 g−1.




2.7. Statistical Analysis


The software R (Lucent Technologies®, version 3.5.3, Alpharetta, GA, USA) was used in this study [36]. The data were analyzed for normality (Shapiro–Wilk) and homogeneity of variance (Box–Cox). Then the data were subjected to analysis of variance (ANOVA). The means were compared by Tukey’s test at 5% significance level (p < 0.05).





3. Results and Discussion


3.1. Food Acceptance


The foods that children did not like more often were eggplant (80.8%, n = 173), chard (76.2%, n = 163), watercress (75.5%, n = 162), radish (65.0%, n = 139) and chayote (64.0%, n = 137). Hanson et al. [37] and Cain et al. [11] found similar results studying the feeding preferences in school-age children in The United States and Brazil, respectively. Low acceptance of vegetables among children is associated to high amount of antioxidant compounds, like phenolics, flavonoids, isoflavones, therpenes, glucosinolate, which are present in these foods and promote a bitter and/or astringent taste [38,39]. Usually, children also do not consider the appearance and texture of vegetables attractive, which may reduce the acceptance [37]. For this reason, the development of studies that encourage the consumption of these foods through different ways, is a good strategy to improve acceptance among children.




3.2. Sensory Analysis


In Table 1, the sensory scores of cookies are presented. The 7.5% eggplant flour addition in cookie reduced the acceptance (p < 0.05) among children. Similar results were verified by Brasil et al. [40] evaluating the addition of eggplant flour (10%) in bread among adults. The high content of phenolic compounds in the eggplant flour (1540 mg GAE 100 g−1) [7] promote characteristic flavor and residual bitter taste [38], which could explain the lower score for the EF7.5 formulation. Besides, the appearance change due to eggplant flour addition could have an impact on the acceptance. Chung et al. [41] explain that appearance of the product of food is considered determining factor for acceptance or rejection among children, because it is the first basis of judgment and affects other sensory perceptions. During the cookie prepare was verified that addition of higher levels of eggplant flour resulted in a darkness color product. This effect is due to the anthocyanins presented in eggplant, which has purplish coloring. Furthermore, eggplant flour addition promoted a higher hardness on the dough, due to its high fiber level and low gluten content [5]. Despite the sensory scores being reduced for the EF7.5 formulation, all the formulations presented AI ≥ 70%, indicating good sensory acceptance [25].




3.3. Physicochemical and Nutritional Analysis


The samples EF5.0 and EF7.5 showed higher diameter, expansion and thermal factor, while the EF0 and EF2.5 had higher thickness (p > 0.05), as expressed in Table 2. The eggplant flour addition increased the hardness proportionally in all formulations (p > 0.05). Cookies prepared with eggplant flour have high fiber content, which increases water absorption and, consequently yield, once it shows a lower shrinkage [5,42]. However, fibers also make the dough more brittle and hard after baking, raising the product hardness [43,44]. Particularly among children, a hardness raise can be a limiting factor for chewing, once that during the school-age occurs the transition from mixed dentition [45]. Furthermore, texture changes can affect other sensory characteristic, as appearance and taste product [41]. Gluten is also a factor that interferes at the physical characteristics of cookies. It is an insoluble protein complex responsible to confer extensibility and elasticity to dough during the mixing process of gliadin and glutenin (present in wheat) with water and mechanic force [46]. So, the substitution of wheat for eggplant flour (gluten-free), reduces thickness of cookie after baked, as shown in other studies [5,47].



The eggplant flour addition reduced L*, a* and b* values in cookie, especially after 7.5% addition. A lower lightness occurred due to wheat flour shows higher values of L* (94.2 ± 1.5) [48] if compared to eggplant flour (67.7 ± 0.92, evaluated by the authors). Besides, enzymatic oxidation of phenolic compounds in the flour causes darkness in the product [2]. Raised levels of anthocyanin in eggplant flour (7.5 mg 100−1) [49] also reduce values of red and yellow. For cookies, the ideal Aw level must be under 0.6 [50]. Thus, the Aw raised after eggplant flour addition may reduce crunchiness of cookie. Furthermore, flour of fruits and vegetables, usually present higher Aw level, which may increase perishability and reduce microbiological stability of the product.



The chemical characteristics results of eggplant flour and cookie are described in Table 3. The TA and SS increased proportionally with eggplant flour addition in cookie, while pH and SS/TA ratio decreased (p > 0.05). According to the scientific literature the presence of phenolics in the eggplant flour, such as chlorogenic acid (1.73 mg g−1), caffeic acid (0.19 mg g−1) and ferulic acid (0.04 mg g−1) [7] raise the acidity of flour, and consequently of the product. This effect causes a bitter taste to the food [7,38], which may reduce sensory acceptance, as was observed in cookies with higher eggplant flour level (7.5%). On the other hand, a higher SS/TA ratio can indicate a more pleasant taste product to the consumer, as sugar and acids are equilibrating [51].



In Table 4 nutritional composition and antioxidant activity of eggplant flour and cookie formulations added of different levels of eggplant flour is presented. The oven drying method allows for a nutrient concentration in food products as occurred in eggplants flour in this research. Similar results were observed by other researchers [5,7,16,52]. However, small differences are possible as the composition can be influenced by variety of the plant, conditions for cultivation, harvesting and processing inputted [53].



The moisture content of eggplant flour is according to Brazilian legislation (15%) [54], and other countries such as Mexico (15%) [55] and United States (14%) [56]. Moreover, it is within the range normally observed for that product (1.5% to 8.5%) [16]. Addition of eggplant flour in cookies increased moisture levels (p > 0.05). According to Uthumporn et al. [5], the eggplant flour incorporation on cookies may increases moisture level due to its high amount of fibers. The hydroxyl groups from fibers are capable of connecting to free water molecules through hydrogen bonding [57] consequently retaining more water.



The ash content observed in the eggplant flour impacted the increased ash level in cookie formulations. It is known that ash reflects the concentration of minerals in its composition. A study by Rodriguez-Jimenez [16] on the mineral content of eggplant flour showed a high concentration of minerals such as potassium (2396.0 mg 100 g−1), magnesium (158.1 mg 100 g−1), calcium (130.9 mg 100 g−1), sodium (68.1 mg 100 g−1), iron (2.9 mg 100 g−1), manganese (2.5 mg 100 g−1), zinc (2.1 mg 100 g−1) and copper (1.0 mg 100 g−1). During school-age, a higher consumption of these micronutrients can be beneficial, as it is associated to health growing and appropriate physical, cognitive and emotional development of children [58,59].



The protein and lipid amounts in eggplant flour are similar to wheat flour (12.0 g 100 g−1 and 1.7 g 100 g−1, respectively) [60]. Therefore, there was no alterations for these nutrients in cookie (p > 0.05). The opposite was verified in levels of carbohydrate and energy, as eggplant flour presents lower amount when comparing to wheat flour (72.5 g 100 g−1 and 361 kcal 100 g−1, respectively). With it, there was a reduction in carbohydrate and energy levels in EF5.0 and EF7.5 formulations.



There was an increase on total fiber content to EF2.5 (57.1%), EF5.0 (114.3%) and EF7.5 (171.4%) with regard to EF0, as eggplant flour has a high fiber level (34.5 g 100 g−1), corroborating with literature [5,47]. The 5% eggplant formulations may be considered a dietary fiber source product, as it has more than 3% of fiber composition [61]. That way, the consumption of 30 g of cookie or three cookie units with 5% vegetable flour added (acceptance similar to EF0 formulation) achieve 3.4% of the DRV of dietary fibers for children [31].



The eggplant flour addition in cookie increased proportionality the ascorbic acid, anthocyanins, total phenolic compounds and antioxidant activity (p < 0.05). A similar effect was related by Uthumporn et al. [5] analyzing cookie with eggplant flour (0, 10 and 15%). Substances such as ascorbic acid, anthocyanins and phenolics are considered phytochemicals by presenting health benefits. These compounds are positively correlated to antioxidant activity [62], which can eliminate free radicals due to their chemical structure [16]. Gürbüz et al. [2] showed that the eggplant bioactive compounds have anti-inflammatory, antiangiogenic, anti-obesity, anti-diabetic, anti-carcinogenic and antiviral properties. That demonstrate the viability of using eggplant flour to elaborate food products with better nutritional profile, especially for children, which increasingly consume low nutritional level food.





4. Conclusions


The eggplant flour is a viable alternative as cookie ingredient. The 5% level addition of this flour in product is well accepted by children at school-age, obtaining similar acceptability to the standard product and good commercialization expectation. However, eggplant flour harms some of the physicochemical characteristics in the cookie, such as water activity, acidity, hardness, thickness and instrumental color. On the other hand, higher contents of ash, dietary fiber, ascorbic acid, anthocyanins, total phenolic compounds and antioxidant activity are observed after eggplant flour addition, which improves the nutritional profile of the product. Thus, an added product of eggplant flour is a possible alternative to promote healthier feeding among school-age children.



For further studies, it is suggested to include other vegetable flours and their by-products in cookies and similar products. The development of flour blends is also encouraged, ones that contribute to the nutritional aspects of the food and may be an innovative option for the industry and the consumer.
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Figure 1. Cookie formulation added to different levels of eggplant flour. 
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Table 1. Sensory scores (mean ± standard deviation) of cookies added with different eggplant flour concentrations.






Table 1. Sensory scores (mean ± standard deviation) of cookies added with different eggplant flour concentrations.





	Parameter
	EF0
	EF2.5
	EF5.0
	EF7.5





	Appearance
	6.1 ± 1.08 a
	5.9 ± 1.30 a
	5.7 ± 1.32 a
	5.2 ± 1.78 b



	AI (%)
	87.8
	84.4
	81.2
	74.7



	Flavor
	6.1 ± 1.23 a
	6.0 ± 1.27 a
	5.7 ± 1.41 a
	5.2 ± 1.87 b



	AI (%)
	87.3
	85.9
	81.1
	74.0



	Taste
	6.4 ± 1.13 a
	6.1 ± 1.33 a
	5.9 ± 1.44 a
	5.4 ± 1.83 b



	AI (%)
	90.7
	87.8
	84.6
	77.6



	Texture
	6.0 ± 1.18 a
	5.9 ± 1.28 a
	5.7 ± 1.31 a
	5.3 ± 1.69 b



	AI (%)
	86.1
	84.4
	81.4
	75.2



	Color
	6.2 ± 1.09 a
	6.0 ± 1.30 a
	5.7 ± 1.32 a
	5.2 ± 1.67 b



	AI (%)
	88.2
	86.0
	82.0
	74.0



	Overall Acceptance
	4.6 ± 0.69 a
	4.4 ± 0.86 a
	4.3 ± 0.84 a
	4.0 ± 1.26 b



	AI (%)
	92.0
	88.4
	86.4
	79.7



	Purchase Intention
	4.6 ± 0.72 a
	4.5 ± 0.95 a
	4.2 ± 0.95 a
	3.9 ± 1.30 b







Distinct letters on the same line indicate significant difference in the Tukey’s test (p < 0.05); AI: Acceptability Index. The 7-point hedonic scale of attributes being 1 to 7; 5-point facial hedonic scale of overall acceptance and purchase intention being 1 to 5.
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Table 2. Physical parameters (mean ± standard deviation) of cookie added with different eggplant flour concentrations.
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	Parameter
	EF0
	EF2.5
	EF5.0
	EF7.5





	Diameter (cm)
	3.7 ± 0.07 b
	3.8 ± 0.08 b
	4.0 ± 0.09 a
	4.0 ± 0.05 a



	Thickness (cm)
	1.1 ± 0.04 a
	1.1 ± 0.05 a
	0.9 ± 0.03 b
	0.9 ± 0.02 b



	Expansion factor
	3.4 ± 0.19 b
	3.6 ± 0.22 b
	4.3 ± 0.20 a
	4.4 ± 0.09 a



	Thermal factor
	0.9 ± 0.00 b
	0.9 ± 0.00 b
	1.0 ± 0.03 a
	1.0 ± 0.00 a



	Hardness (N)
	32.4 ± 2.54 d
	46.9 ± 2.73 c
	64.1 ± 1.96 b
	87.2 ± 3.02 a



	L*
	60.5 ± 0.38 a
	54.1 ± 0.58 b
	54.0 ± 0.53 b
	51.6 ± 0.85 c



	a*
	6.5 ± 0.34 a
	5.6 ± 0.29 b
	5.5 ± 0.33 b
	5.1 ± 0.30 c



	b*
	24.5 ± 0.37 a
	20.9 ± 0.67 b
	20.4 ± 0.64 b
	18.9 ± 0.59 c



	Aw
	0.6 ± 0.01 c
	0.7 ± 0.00 b
	0.7 ± 0.00 b
	0.8 ± 0.00 a







Distinct letters on the same line indicate significant difference in the Tukey’s (p < 0.05). Aw: water activity.
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Table 3. Chemical characteristics (mean ± standard deviation) of eggplant flour and cookies added with different eggplant flour concentrations.
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	Parameter
	EF
	EF0
	EF2.5
	EF5.0
	EF7.5





	pH
	4.9 ± 0.01
	6.8 ± 0.01 a
	6.4 ± 0.01 b
	6.1 ± 0.01 c
	5.9 ± 0.01 d



	TA (g 100 g−1)
	4.1 ± 0.04
	0.1 ± 0.01 d
	0.2 ± 0.00 c
	0.3 ± 0.02 b
	0.4 ± 0.02 a



	SS (°Brix)
	5.0 ± 0.06
	1.9 ± 0.03 c
	2.3 ± 0.03 b
	2.5 ± 0.06 a
	2.6 ± 0.03 a



	SS/TA ratio
	1.2 ± 0.01
	15.3 ± 0.28 a
	11.7 ± 0.09 b
	7.7 ± 0.19 c
	6.6 ± 0.09 d







Distinct letters on the same line indicate significant difference in the Tukey’s (p < 0.05); TA: Titratable Acidity; SS: Soluble Solids; SS/TA ratio: Soluble Solids/Titratable Acidity ratio.
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Table 4. Nutritional composition and antioxidant activity (mean ± standard deviation) of eggplant flour and cookies added with different eggplant flour concentrations.
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	Parameter
	EF
	EF0
	EF2.5
	EF5.0
	EF7.5





	Moisture

(g 100 g−1)
	5.5 ± 0.05
	7.7 ± 0.08 c
	9.7 ± 0.04 b
	9.5 ± 0.09 b
	10.5 ± 0.08 a



	Ash

(g 100 g−1)
	7.4 ± 0.08
	0.8 ± 0.01 d
	1.0 ± 0.01 c
	1.2 ± 0.01 b
	1.4 ± 0.02 a



	Protein

(g 100 g−1)
	11.4 ± 0.56
	10.1 ± 0.03 a
	10.4 ± 0.63 a
	10.4 ± 0.01 a
	11.0 ± 0.22 a



	Lipid

(g 100 g−1)
	2.1 ± 0.53
	19.2 ± 0.58 a
	19.3 ± 0.22 a
	19.4 ± 0.32 a
	19.2 ± 0.34 a



	Carbohydrate

(g 100 g−1) **
	39.1 ± 0.00
	60.8 ± 0.00 a
	57.4 ± 0.00 ab
	56.5 ± 0.00 b
	54.1 ± 0.00 b



	Soluble fiber

(g 100 g−1) ***
	7.2 ± 0.18
	0.3 ± 0.00 d
	0.4 ± 0.00 c
	0.6 ± 0.00 b
	0.8 ± 0.00 a



	Insoluble fiber

(g 100 g−1) ***
	27.3 ± 0.13
	1.1 ± 0.00 d
	1.8 ± 0.00 c
	2.4 ± 0.00 b
	3.0 ± 0.00 a



	Total fiber

(g 100 g−1) ***
	34.5 ± 0.05
	1.4 ± 0.00 d
	2.2 ± 0.00 c
	3.0 ± 0.00 b
	3.8 ± 0.00 a



	Energy value

(kcal 100 g−1)
	290.3 ± 0.00
	458.9 ± 0.00 a
	449.2 ± 0.00 ab
	448.0 ± 0.00 b
	440.6 ± 0.00 b



	Ascorbic acid

(mg 100 g−1)
	64.0 ± 0.37
	0.3 ± 0.00 d
	2.7 ± 0.33 c
	4.2 ± 0.19 b
	5.3 ± 0.10 a



	Anthocyanins

(mg C3GE 100 g−1)
	105.7 ± 0.04
	2.55 ± 0.01 d
	24.0 ± 0.04 c
	26.9 ± 0.08 b
	29.6 ± 0.06 a



	TPC

(mg GAE 100 g−1)
	276.4 ± 0.08
	9.6 ± 0.06 d
	14.8 ± 0.01 c
	22.7 ± 0.04 b
	32.2 ± 0.05 a



	AA (µmol Trolox

equivalents 100 g−1)
	19,117.1 ± 0.00
	1786.3 ± 0.26 d
	1900.6 ± 0.26 c
	19,158 ± 0.26 b
	2144.3 ± 0.53 a







Distinct letters on the same line indicate significant difference in the Tukey’s (p < 0.05); Values presented on dry basis; ** Includes dietary fiber; *** Dietary fiber. TPC: Total Phenolic Compounds; AA: Antioxidant Activity.
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