

  foods-12-03735




foods-12-03735







Foods 2023, 12(20), 3735; doi:10.3390/foods12203735




Article



Pulp from Colored Potatoes (Solanum tuberosum L.) as an Ingredient Enriching Dessert Cookies



Dorota Gumul 1,*, Rafał Ziobro 1, Jarosław Korus 1 and Magdalena Surma 2





1



Department of Carbohydrate Technology and Cereal Processing, Faculty of Food Technology, University of Agriculture in Krakow, Balicka Str. 122, 30-149 Krakow, Poland






2



Department of Plant Products Technology and Nutrition Hygiene, Faculty of Food Technology, University of Agriculture in Krakow, Balicka Str. 122, 30-149 Krakow, Poland









*



Correspondence: rrgumul@cyf-kr.edu.pl







Citation: Gumul, D.; Ziobro, R.; Korus, J.; Surma, M. Pulp from Colored Potatoes (Solanum tuberosum L.) as an Ingredient Enriching Dessert Cookies. Foods 2023, 12, 3735. https://doi.org/10.3390/foods12203735



Academic Editor: Gilles Trystram



Received: 25 September 2023 / Revised: 7 October 2023 / Accepted: 10 October 2023 / Published: 11 October 2023



Abstract

:

Freeze-dried pulp from colored potatoes, obtained after starch isolation, is a rich source of polyphenols. Therefore, it can be used to fortify cookies, contributing to a reduction in industrial waste, aligning with the zero-waste technology. The purpose of this study was to analyze the effects of adding 5% and 10% pulp from two varieties of colored potatoes on the content of polyphenols, antioxidant activity, physical characteristics, nutritional composition, and the levels of hydroxymethylfurfural and acrylamide of the fortified cookies. The findings revealed that colored potato pulp is an outstanding additive for fortifying cookies with polyphenols, flavonoids, anthocyanins, and flavonols (even two to four times in comparison to control). Cookies containing pulp exhibited even two times higher fiber and protein content (up to 17% more), while the fat and ash content remained unchanged compared to control cookies. Furthermore, they contained 30% less HMF and 40% more acrylamide. These cookies also exhibited good physical properties in the final products. The study demonstrated that pulp from the “Magenta Love” potato variety was significantly more effective in enriching cookies with health-promoting compounds and nutrition value compared to pulp from Marleta Blue.
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1. Introduction


Processing of raw materials of plant and animal origin contributes to the production of large quantities of organic residues by the food industry. Waste associated with the processing of meat and animal products accounts for 13%, while losses associated with the processing of fruits and vegetables are 22% [1]. These are both solid and liquid materials, which usually have no further use in the production chain. If not properly treated, they can increase the pollution of soil, surface water, and groundwater [2,3,4,5].



Starch manufacture is one of the processing methods that involves the occurrence of large quantities of by-products, which may be dangerous for environment. Three types of organic waste are generated during the production of potato starch: potato pulp, potato juice, and juicy water. For every ton of starch produced, there are 1.36 tons of potato pulp, 0.14 cubic meters of potato juice, and 3.66 tons of juice water [6]. Potato juice is a fluid separated from potato pulp containing about 5% dry mass including potato protein of high nutritional value. Potato juice contains 2% nitrogenous compounds, which include protease inhibitors, lectins, phosphorylases, and kinases. The juicy water is produced during the refining of starch milk. It is a tenfold dilution of potato juice. Due to its high content of water and low caloric value, the incineration of solid starch waste does not seem rational. Potato pulp is a by-product obtained after washing out the starch from the disintegrated potato cells with water. The pulp consists mainly of bound starch inside intact cells, minerals (Ca, Cl, Na, P, Mg), and insoluble non-starchy substances including fiber, of which polyphenols are an integral part. Solanine and chaconine, which are toxic glycoalkaloids present in raw potatoes, make up only 0.006% of the potato’s fresh weight and are water-soluble and leached out with water during this processing process [7].



Annual production of potato pulp in Europe exceeds one million tons. In northern Japan, about 100,000 tons are produced every year. The pulp is mainly used as fodder or fertilizer. However, these methods are not economical. Still a large part of the waste remains unmanaged, which affects the additional disposal costs incurred by the plant and increases the biological load of wastewater [8]. Potato pulp consists primarily of cell wall fragments containing residual starch. It contains up to 30% pectins, which could be used in the production of jellies and jams [9]. Pectins are water-soluble esters of polygalacturonic acid, partially esterified with methyl alcohol. They are formed from water-insoluble protopectin. In combination with acids and sugar, they may produce stiff gels. We can distinguish between high-methylated and low-methylated pectins [9], which are used for the confectionery and pastry industry and in the production of jellies and jams and beverages. Fermentation of potato pulp could be applied for the production of butanol or acetone. Some attempts have also been made at enzymatic hydrolysis of potato pulp in order to obtain protein preparations [10].



Considering the possible applications of potato pulp, no attention has been paid to polyphenols, which are an integral part of dietary fiber contained in the pulp. Their presence in significant quantities gives a possibility to obtain food products, such as cookies, with improved nutritional and health-promoting properties, maintaining the attractiveness of the final product.



The production of confectionery products is an important branch of the food industry, as the consumption of sponge cakes, cookies, and other confectionery products continues to grow. The global confectionery market is projected to reach $270.5 billion by 2027 (Allied Market Research Report) [11]. Although nutritionists underline that cookies are high in fat and sugar and could be partly responsible for obesity, manufacturers are trying to change this negative perception of confectionery products by introducing health-promoting, nutrient-enriched, reduced-calorie raw materials, or eliminating sugar or replacing it with other sweeteners, and supplying vitamins, fiber, and polyphenols. Efforts are also being made to introduce new products for people with celiac disease or gluten intolerance, who due to the elimination diet could suffer significant oxidative stress and impaired antioxidant enzymes, which normally form a specific antioxidant barrier in the body. Such people are susceptible to oxidant–antioxidant imbalance and DNA damage, and consequently to cancer [12,13], which may partly be prevented by introducing variability of different foods. Such gluten-free products will unquestionably include the cookies with colored potato pulp that are the subject of this manuscript’s research.



It should be added that cookies have become a commercially important product due to the practicality of their production and the long shelf life of the finished products. However, customers are looking for new innovative products as the market develops rapidly. The average appearance and quality of the raw materials from which the product is made no longer satisfy the consumers. They want new products with surprising attractive properties and nutritional value, and above all with health-promoting properties. Therefore, producers are looking for new solutions, positively influencing the foodstuffs, preferring not only the pro-health values of products, but also paying attention to harmful substances (acrylamide and HMF), which are formed as products of the Maillard reaction during baking.



The possibilities of enriching cookies with raw materials of high antioxidant potential can be directed towards the introduction of new products on the market, especially for celiacs. On the one hand, the possibility of utilization of the waste product, such as potato pulp, and on the other, the growing awareness of consumers, who look for chemopreventive food ingredients, make it possible to introduce new products on the market. Therefore, this research fits into the current global trend of functional food [14,15,16,17,18,19].



The aim of this study was to analyze the effect of the level (5 and 10%), origin (two colored flesh cultivars) of potato pulp on the content of polyphenols, phenolic acids, anthocyanins and flavonoids, and the antiradical activity (using the free radical ABTS) in dessert cookies. In addition, the study focused on the physical characteristics of these cookies and their nutritional value. Furthermore, acrylamide and hydroxymethylfurfural (HMF) were determined in the final product.




2. Materials and Methods


2.1. Pulp Extraction and Preparation of Cookies Enriched with Potato Pulp


The batch of potatoes was washed under running water, then a certain part of it was mashed into a homogeneous pulp and transferred in portions to a mill gauze placed on a Buechner funnel, and the starch was washed by pressing the gauze by hand. The leaching process was stopped when the filtrate collected from under the sieve showed a negative reaction with Lugol’s iodine. A negative color reaction with iodine allowed the next portion of the pulp to be taken for starch isolation. The pulp was immediately placed in a freezer for about 1 week, 1 day of blast freezing, and freeze-dried. The efficiency of the potato pulp extraction process was 50%. The subjects of the study were dessert cookies (DC) baked under laboratory conditions from corn and potato starches enriched with 5 and 10% of freeze-dried potato pulp. The potato pulp was made from colored flesh potatoes of two varieties, Magenta Love (ML) (red potatoes) and Marleta Blue (MB) (purple potatoes). Potato pulp was obtained as a by-product in laboratory isolation of potato starch, as described above, according to Wischmann et al. [20], subsequently freeze-dried, and included in cookie formulations.



The dough consisted of the ingredients listed in Table 1. The recipe for dessert cookies included corn starch (Bezgluten, Posądza, Poland) and potato starch (Pepees SA, Łomża, Poland). The ingredients, after being weighed according to the recipe (Table 1), were mixed in a Diosna spiral mixer type SP 12 (Osnabrück, Germany) for about 5 min at slow speed until the dough was kneaded. The dough was then rolled out using a confectioners’ rolling pin to obtain an even thickness. The cookies were punched out using a single mold with a diameter of 5 cm. Baking was carried out at 230 °C for 12 min. A MIWE CO 2 P608 type oven (Arnstein, Germany) was used for baking. After the cookies cooled to room temperature, they were packed into glass containers (jars) and stored in a storage chamber at a constant temperature of 22 °C, for further analysis.




2.2. Examination of the Physical Characteristics of Cookies Enriched with Potato Pulp


To measure the physical characteristics, 6 pieces of cookie were weighed with an accuracy of 0.1 g, and the average weight of one cookie was calculated. The length of the segment occupied by each cookie was measured in mm, the measurement was repeated in perpendicular axis, and the average diameter of one cookie was calculated. The thickness of the cookies was measured with a ruler by placing all the cookies one on top of the other. The spread ratio was calculated according to the following formula:


S = W/T








where S—spread ratio, W—diameter of 1 cookie (mm), T—thickness of 1 cookie (mm). Volume of cookies was determined using Volscan 600 (Stable Micro Systems, Surrey, UK) (Supplementary Materials Figure S1) placing all cookies on the rotating base and dividing the result by the number of stacked cookies.




2.3. Chemical Evaluation


The following analyses were performed on each sample:




	
Chemical composition—content of protein, fat, ash—was determined according to AOAC 2006 [21]. Total protein content was carried out using Kjeltec (2200, FOSS, Denmark), according to the AOAC method No 205,950.36. Evaluation of the raw fat content was carried out by using Soxtec Avanti extractor (2055, FOSS, Denmark), following the AOAC method No. 930.05. Total ash content was carried out by using laboratory stove model SM-2002 (Czylok, Poland), following the AOAC method No. 930.05. Available carbohydrates were calculated by difference: 100—fat-protein-ash-water-dietary fiber. Energy value of the cookies was calculated according to EU Directive 1169/2011 [22]: available carbohydrates 4 kcal/g, protein 4 kcal/g, fat 9 kcal/g, fiber 2 kcal/g.



	
Content of non-starch polysaccharides, i.e., total, dietary fiber, by the method 32-07 of AACC [23].



	
Antioxidant constituents, antiradical activity was determined in the ethanol extracts. A total of 0.6 g of the sample was dissolved in 30 mL 80 g/100 g ethanol, shaken in darkness for 120 min (electric shaker: type WB22, Memmert, Schwabach, Germany), and centrifuged (15 min, 4500 rpm. 1050× g) in a centrifuge (type MPW-350, MPW MED. Instruments, Warsaw, Poland). The supernatant was decanted and stored at −20 °C for further analyses. Determination of total polyphenols content (TPC) was carried out by spectrophotometric method using Folin–Ciocalteu reagent (with F-C reagent), according to Singleton, Orthofer, and Lamuela-Raventós [24], and the content of flavonoids was evaluated using a spectrophotometrical method, according to El Hariri, Sallé, and Andary [25]. Contents of total phenolic content without F-C reagent, phenolic acids, flavonols, and anthocyanins were evaluated using a spectrophotometrical method, according to Mazza et al. [26] and Oomah et al. [27]. Additionally, antiradical activity was assessed using analytical methods with ABTS (2,2′-azino-bis (3-ethylobenzothiazoline-6-sulphonic acid)-diamonium salt) [28]. Results of antiradical activity were expressed as TEAC (Trolox Equivalent Antioxidant Capacity-mM Trolox/kg dry mass of sample).



	
The content of acrylamide (AA) has been determined. For sample preparation according to Surma, Sadowska-Rociek, Cieślik, and Sznajder-Katarzyńska [29] modified QuEChERS method was applied. AA qualitative and quantitative analysis were performed using HPLC-UV/Vis (according to methods [30]. AA determination was performed using the HPLC-DAD system (VWR HITACHI, LaChrom ELITE, Merck KGaA, Darmstadt, Germany) according to Marconi et al. [30]. The chromatographic separation was performed at room temperature using a mixture of 0.01 M sulfuric acid and water/methanol mixture (water:methanol, 97.5:2.5) in isocratic mode with a C18 reversed-phase column (Lichrospher®® 100, RP-18 end-capped, LiChroCART®® 4 mm ID × 250 mm, 10 µm, Merck KGaA, Darmstadt, Germany). The flow rate was 0.7 mL min−1. AA was determined at 200 nm wavelength. The identification of acrylamide was based on the retention time (4.2 min). The measurements were performed in four replications.



	
In order to determine hydroxymethylfurfural (HMF) content, 10 mL of water was added to 2 g of samples and quantitatively transferred to a 25 mL volumetric flask. After adding 0.25 mL of Carrez solution I and 0.25 mL of Carrez solution II, the volumetric flask was filled to the mark with deionized water. In the case of infusions, 0.07 mL of Carrez solution I and 0.07 mL of Carrez solution II were added to 6.86 mL of the infusion. Before a chromatographic analysis, samples were filtered through a 0.45 µm disc filter. Reagent blank samples were prepared according to the appropriate procedure for all tested analytes. Each sample (real and blank) was prepared in triplicate.



	
HMF qualitative and quantitative analyses were performed using HPLC-UV/Vis system (VWR HITACHI, LaChrom ELITE, Merck KGaA, Darmstadt, Germany) operating under the following conditions: sample volume 20 µL, eluent water/methanol 9:1 (v/v), flow rate 1 mL/min, wavelength 285 nm, column RP-18 Lichrosphere (250 × 4 mm, 5 µm particle size) (Merck, Germany).








Statistical Analysis


To assess the significance of differences between the averages, the experimental data were subjected to one-way analysis of variance (Duncan’s post hoc test), at the confidence level of 0.05, by the use of software Statistica v. 8.0 (Statsoft, Inc., Tulsa, OK, USA). The Pearson correlation coefficients between selected parameters were also calculated to establish the relationships between them.






3. Results and Discussion


3.1. Characteristics of Pulp Derived from Colored Potatoes


The content of different subgroups of polyphenols in the potato pulp is shown in Table 2. It was found that the amount of polyphenols determined with Folin-Ciocalteu reagent was about 80% higher in the pulp derived from Magenta Love as compared to Marleta Blue. Similarly, the amount of polyphenols determined by the method without the Folin-Ciocalteu reagent was 86% higher for Magenta Love potato in comparison to Marleta Blue. Also, the potato pulp derived from variety Magenta Love had 31% more flavonoids than Marleta Blue. In the case of phenolic acids, Magenta Love potato pulp had two times higher content of these components than Marleta Blue samples (Table 2). Phenolic acids are among the most numerous phenolic compounds in the potato tuber. The dominant one is chlorogenic acid and its two isomers: neochlorogenic and cryptochlorogenic. Phenolic acids are referred to as nutraceuticals, i.e., enrichment substances with health-promoting effects [31,32,33]. They belong to biologically active compounds that influence the course of many biological processes such as adaptive or repair activities of the system into which they are introduced with food. On the other hand, Marleta Blue’s potato pulp had six times higher content of flavonols than Magenta Love (Table 2). Taking into account the aforementioned pulps, it was found that the one derived from Marleta Blue potatoes contained 52% less anthocyanins than Magenta Love. Overall, the high content of all subgroups of polyphenols in Magenta Love’s potato pulp translated into a high antioxidant potential of this plant material (Table 2).



Taking into account the chemical composition, the analyzed samples did not contain fat, and the product from the red potato variety Magenta Love was characterized by higher protein, ash, and total fiber contents by 48%; 18%, and 17.7%, respectively, in comparison to the variety Marleta Blue (Table 2).



Summarizing, it has been generally demonstrated that colored potato pulp is a source of health-promoting compounds (polyphenols). Such compounds exhibit hypoglycemic, hypocholesterolemic, anticancerogenic effects, and reduce postprandial glycemia and hypertension. They have anti-inflammatory, antiviral, antibacterial, anti-allergenic, and anti-coagulant effects and reduce the risk of diseases such as atherosclerosis and other cardiovascular diseases, cataracts, diabetes, genetic damage, degenerative bone changes, neurodegenerative diseases including Alzheimer’s disease [34,35,36,37,38,39]. Therefore, colored potato residue can be used as a health-promoting ingredient for cookies.




3.2. Effect of Colored Potato Pulp on the Content of Health-Promoting Compounds in Cookies


The content of different groups of polyphenols in cookies with the participation of colored potato pulp is presented in Table 3. The amount of polyphenols in control cookies was at the level of 22.07 mg of catechin/100 g d. m. This should most probably be explained by the presence of Maillard reaction products, which affect the results of this determination, because according to other authors [40,41] the Folin-Ciocalteu reagent used in this determination not only reacts with polyphenols but also with other compounds such as amino acids, proteins, saccharides, i.e., compounds that can form Maillard reaction products.



The presence of polyphenols was also noted in control gluten-free bread in studies by other authors [42,43], which was also explained by the production of Maillard compounds. In the current study, the amount of Maillard compounds is much higher, because they are formed via the exposure of the cookies to high oven temperatures. It was observed that the introduction of colored potato pulp in the cookies resulted in an increase in polyphenols ranging from 38 to 115% compared to the control. The smallest increase in polyphenols in the cookies was observed when 5 and 10% of Marleta Blue potato pulp and 5% of Magenta Love potato pulp were used, and the largest when 10% of Magenta Love preparation was added. Such a large increase results from the fact that the amount of polyphenols in the Magenta Love pulp was significantly higher than in the Marleta Blue (Table 2 and Table 3). The determination of polyphenols without Folin–Ciocalteu reagent was also used in this work, giving smaller and more meaningful values compared to those obtained with this reagent. It was noted that the Marleta Blue potato pulp did not contribute to an increase in polyphenols in the cookies regardless of its proportion in the formulation (5 and 10%). Although 5% addition of Magenta Love pulp had no significant influence on polyphenols, its 10% addition caused a 2.5-fold increase in polyphenols in the cookies compared to the control (Table 3). Sudha et al. [44], in a study on the quality of cakes with apple pomace, reported an increase in total polyphenol content from 42.7% to 68.4% in the final products compared to the control. According to the above-mentioned authors, this was related, on the one hand, to the use of apple pomace, from which the polyphenols were derived, and, on the other hand, to the possibility of the formation of products such as reductones. These compounds are formed during the baking process by the oxidation of sugars derived from apple pomace [44]. The addition of 5 to 20% mango peel powder to a cookie recipe resulted in an 8.5-fold increase in polyphenol content [45]. Bertagnolli et al. [46] developed a cookie recipe using flour obtained from guava peels at 30, 50, and 70% substitution level, which resulted in an increase in the polyphenol content of the final product. Kopeć et al. [47] conducted a study on the replacement of wheat flour in sponge cake and shortcrust pastries by buckwheat flour, maize flour, and a mixture of these flours in a ratio of 1:1. The sponge cake and pastries with buckwheat flour had the highest polyphenol content compared to control products containing only wheat flour. In cookies containing dietary fiber isolated from Doum fruit (Hyphaene thebaica), the content of polyphenols increased with increasing fiber content. The highest content of these components was determined in cookies with 10% of isolated fiber derived from Doum fruit [48].



The flavonoid content of cookies containing colored potato pulp was 23% higher when 5% Marleta Blue potato pulp was used and four times higher when 10% Magenta Love potato pulp was used, relative to the control (Table 3), with the amount of these health-promoting components increasing accordingly to the level of addition of different types of potato residue. Korus et al. [17] conducted a study on gluten-free cookies using 20%, 40%, and 60% acorn seed flour and hemp flour. Based on the results, it was found that as the amount of hemp and acorn flours increased in the cookies, the flavonoid content increased. The increase in flavonoid content in cookies with acorn flour was five-fold and in cookies with hemp flour 90% compared to control cookies. Maner et al. [49] developed a recipe for cookies enriched with 5, 10, 15, and 20% addition of dried grape pomace. They found that the addition of pomace increased the flavonoid content from 96 to 254% in the final products compared to the control baked goods. Ajibola et al. [50] prepared cookies using dried Moringa oleifera leaves and cocoa powder. They found that 10% participation of Moringa oleifera in the cookie recipe increased the flavonoid content from 0.22 mg/g in the control product to 1.27 mg/g in the final product. Moringa has significant nutritional and health-promoting values, but some studies indicate serious side effects caused by its consumption, so its use in food is not allowed in some countries [51]. Natukunda et al. [52] made a cookie recipe with 2, 4, 6, 8, and 10% tamarind seed powder. The addition increased the flavonoid content from 32 to 153% compared to the control. An increase in flavonoid content as a result of the proportion of purple rice flour was also found by Klunklin and Savage [53]. In the prepared cookies, the flavonoid content was three to eight times higher compared to the control. Van Toan and Vu Quynh Anh [54] used a proportion of 10 to 50% purple sweet potato flour in a cookie recipe. The cookies had a flavonoid content ranging from 5.25 mg quercetin/g to 7.51 mg quercetin/g. The addition of sweet potato flour increased the flavonoid content compared to the control sample of 4.8 mg quercetin/g. When cookies were enriched with acorn flour, Pasqualone and co-workers [55] showed a seven-fold increase in flavonoid content with 30% and a 21-fold increase in the mentioned component with 60% acorn flour addition compared to the control sample.



Dessert cookies with the addition of Marleta Blue pulp contained 36% less phenolic acids at 5% and 32% less phenolic acids at 10% potato pulp compared to control cookies. Also, a 26% decrease in phenolic acids was observed with 5% of Magenta Love potato pulp compared to the unenriched products. It was found that only a 10% addition of Magenta Love preparation caused a two-fold increase in phenolic acids content (Table 3). Analyzing the results, it can be concluded that the low content of phenolic acids in the cookies with Marleta Blue potato pulp at both 5 and 10% addition level may be due to the content of these components in the pulp being lower by half compared to Magenta Love pulp (Table 2 and Table 3). The results were significantly influenced by the baking process of the cookies, which is associated with the decarboxylation of phenolic acids. An opposite effect was obtained by enriching the cookies with 60% acorn flour and hemp flour, which caused an approximately six-fold increase in phenolic acids content in the cookies compared to the control product [17].



Cookies with 5 and 10% share of the potato pulp isolated from variety Marleta Blue contained about 174% more anthocyanins compared to the control cookies. The highest anthocyanin content among was found in cookies with 10% of Magenta Love potato pulp (Table 3). Anthocyanins are characterized by thermal instability. The mechanism of anthocyanin degradation is not fully understood, and research suggests that first the glycosidic bonds in the pigment molecule are hydrolyzed and then an unstable aglycone is formed. Elevated temperature also affects the transformation of anthocyanins into colorless chalcones, which undergo oxidation to form high molecular weight brown compounds and dyes. The degree of anthocyanin degradation during thermal treatment depends on the time and temperature of the process. A logarithmic relationship was observed between the destruction of anthocyanins and heating time at constant temperature. The loss of these components also depends on other factors such as pH, the chemical structure of anthocyanins, and the presence in their environment of oxygen, other polyphenolic compounds, proteins, sugars, and their degradation products. Greater glycosidation of anthocyanins and acylation with phenolic acids improves resistance to high temperature [56]. Maner et al. [49] prepared cookies in which part of the wheat flour was replaced by the addition of dried grape pomace. The addition of pomace affected the dark brown color of the products. The color change was influenced by anthocyanins present in grape skin (mainly malvidin 3-O-glucoside and peonidin 3-O-glucoside). The above-mentioned authors found a significant increase in the anthocyanin content (3.512 mg/g) in cookies with pomace addition compared to the control (0.163 mg/g). In a study by Korus et al. [17], the anthocyanin content of cookies with 60% acorn flour was significantly higher than the control cookies. Also in the same study, it was found that cookies with 60% hemp flour showed 75% higher anthocyanin content compared to cookies containing corn flour. Klunklin and Savage [53] made cookies containing between 25 and 100% purple rice flour in their formulation. With the addition of purple rice, a significant increase in anthocyanin content was demonstrated. Wheat cookies (control sample) contained 0.28 mg/kg d.m. of anthocyanins while cookies baked exclusively with rice flour had a content of 51.49 mg/kg d.m.



An increase in total polyphenols and their subgroups resulted in an increase in antioxidant activity in cookies with red potato pulp (Table 3) relative to the control as evidenced by the strong correlation between TPC and ABTS R = 0.921. High antioxidant activity was observed in cookies with 10% Magenta Love potato pulp (38.15 m M Tx/kg d.m.) relative to the control sample (15.78 mM Tx/kg d.m.). An increase in antioxidant activity was also shown in cookies containing grape pomace [49]. The control cookies had an activity of 4.625 mg Tx/g, while the antioxidant activity of the enriched products was 11.651, 29.669, 51.862, and 75.976 (mg Tx/g) at 5, 10, 15, and 20% pomace content, respectively [49]. Pasqualone and co-workers [55] observed an almost 40-fold increase in antioxidant activity in cookies with acorn flour at 60% compared to control cookies. Klunklin and Savage [53] replacing wheat flour with purple rice flour observed an increase in ABTS radical scavenging capacity from 5.49 μmol Tx/g d.m of control cookies to 95.96 μmol Tx/g d.m when wheat flour was completely replaced by purple rice in the final product. In cookies enriched with dietary fiber from Doum fruit, an increase in antioxidant activity was also observed from 2.65 (mM Tx/100 g d.m.) in the control sample to a content of 18.34 (mM Tx/100 g d.m.) with 10% of the said fiber. The increasing antioxidant activity was shown to be adequate for the polyphenol content of the cookies [48].




3.3. Chemical Composition of Cookies with Colored Potato Pulp


Considering the protein content, it was found that the 5% addition of Magenta Love potato pulp did not cause changes in this component compared to the control. The share of 5 and 10% potato pulp isolated from variety Marleta Blue contributed to a small but significant decrease in protein relative to the control. A higher amount of protein was recorded in cookies with a share of 10% potato pulp isolated from variety Magenta Love (Table 4). No fat was determined in the samples, and the amount of ash was identical in each sample analyzed (Table 4). The share of 5% potato pulp isolated from variety Marleta Blue contributed to a two-fold decrease in dietary fiber in relation to the control. The 10% share of potato pulp isolated from variety Marleta Blue contributed to a 60% increase in fiber, and the 10% share of potato pulp isolated from variety Magenta Love contributed to a two-fold increase in dietary fiber in relation to the control (Table 4).



Considering the available carbohydrates, it was found that the share of pulp from colored potatoes reduced their amount in dessert cookies (in the case of a 10% share of pulp by an average of 3.5%) in relation to the control, also decreasing their energy value in relation to the standard (Table 4).




3.4. Acrylamide and HMF Content in Cookies with Colored Potato Pulp


No differences were noticed in the HMF contents present in the cookies (Table 5). The only statistically significant difference can be seen when comparing the HMF content of the control sample with the other variants regardless of the percentage of pulp and the varieties of potatoes used in the experiment. In each of the variants tested, the HMF content decreased from 32 to 37% (or about 35%) compared to the control sample (Table 5).



In the case of acrylamide, each addition of pulp regardless of its percentage of the variety of potatoes used resulted in a statistically significant increase in its content relative to the control sample. In the case of the Marleta Blue variety, a 5% addition of potato pulp caused a 22% increase in acrylamide content, while a 10% addition caused a 38% increase in acrylamide content relative to the control sample. On the other hand, the addition of Magenta Love potato pulp caused a 37 and 47% increase in acrylamide content for the 5 and 10% additions, respectively. All the results obtained are statistically significantly different from each other if we consider the percentage of the addition of the pulp. Comparing between each other cookies with the same content of 5 and 10% pulp, respectively, higher acrylamide contents were recorded for the Magenta Love variety, by 12 and 11%, respectively (Table 5), which would suggest that the mentioned variety is characterized by a higher content of amino acids (especially asparagine) or reducing sugars. Although there are no limits for acrylamide in food, according to Commission Regulation (EU) 2017/2158 [57], benchmark levels for the presence of acrylamide in foodstuffs have been established. Food was classified in 10 categories, one of which are cookies and wafers for which the benchmark level for the presence of acrylamide has been set at 350 μg/kg. Taking into account the content of acrylamide in the studied samples with or without potato pulp, the detected levels of this component were lower than benchmark level.



In conclusion, it is possible to propose the practical use of pulp from red and purple potatoes for the production of dessert cookies, especially for people with celiac disease. It should be noted that allergies and food intolerances, including celiac disease, according to recent estimates, are the third major threat to human health right after cancer and cardiovascular disease. People with gluten intolerance are forced to exclude products containing gluten, such as most cereal products, from their diet, which can result in deficiencies of many substances valuable for health, such as protein, vitamins (folic acid, B vitamins), minerals (Fe, Ca, Mg, Cu), and dietary fiber [13,58]. Restriction of the above-mentioned components, in turn, induces many diseases in people with celiac disease, such as osteoporosis, esophageal cancer, or infertility, etc. [59]. In addition, recent studies indicate that patients with gluten intolerance have been determined to have significant oxidative stress and impaired antioxidant enzymes, susceptibility to DNA damage and, consequently, cancer [12]. Proposed cakes involving potato pulp were characterized by up to two times higher content of polyphenols and phenolic acids, four times higher content of flavonoids and anthocyanins, two times higher amount of fiber, and 17% higher amount of protein. Another important practical aspect of the use of red and purple potato pulp to enrich dessert cookies with health-promoting compounds such as polyphenols is that these products can be suggested as an alternative for the treatment of type 2 diabetes, since according to Sun and Miao [60] polyphenols have an inhibitory effect on the digestion of starch, and consequently reduce the glycemic index of starchy products. This is because polyphenols inhibit the activity of the amylolytic enzymes (alpha-amylase and gamma-glucosidase) as well as interact directly with starch, forming hardly digestible complexes. The alleviation of postprandial hyperglycemia by polyphenol compounds might be due to both the inhibited starch digestion in vivo and the influenced glucose transport [60].




3.5. Influence of Colored Potato Pulp on Physical Characteristics of Cookies


Table 6 shows the physical characteristics of the dessert cookies with potato pulp isolated from the colored flesh varieties Magenta Love and Marleta Blue. The addition of potato pulp to the traditional cookie recipe resulted in a slight increase in the volume of the final products. In terms of weight, there was little difference from the control products, with the exception of the cookies with 10% of Magenta Love pulp, whose weight was significantly higher than the other samples (Table 6). In the study by Van Toan and Vu Quynh Anh [54] on cookies with colored sweet potato flours, it was found that as the sweet potato flour content increases, the volume of the cookies decreases. This effect may be influenced by the fiber present in the sweet potato flour, which reduces the gas retention capacity of the dough [61,62]. Another factor will be the form of the enrichment additive. It should be noted that the volume of the product is influenced by the form of the additive (whether it is ground or not). The unground form actually breaks the gluten matrix, resulting in a lower volume of the final product [63]. In the case of the study performed in this work, the red potato pulp is ground, and therefore we may be dealing here with an increase in cookie volume (Table 6). Yadav et al. [64] showed a decrease in cookie weight with the addition of banana flour and chickpea flour. The weight of cookies ranged from 8.7 g to 10.1 g with a control cookie weight of 11.4 g. Cookies containing mango seed flour had a 1 to 6% lower weight compared to the control cookies [65]. An increase in the weight of the products was noted for cookies containing rice bran, broken rice, and okara [66]. A similar effect was noted with the contribution of carrot and beetroot powder in the cookie recipe [67]. Srivastava and Singh [68] prepared cookies with 5, 10, and 15% beetroot powder. Their study found no significant differences between the control cookie and the enriched products, and the same was true in the study of this work.



In addition, it was shown that with an increase in the proportion of pulp, the diameter of the cookies decreased in a range of 6.5 to 4% for the Marleta Blue potato variety and 4 to 8% for the Magenta Love cookies compared to the control. The thickness of the cookies increased while the value of the spread ratio decreased as a result of the addition of potato pulp in the final products (Table 6). The spread ratio (width divided by thickness) is considered one of the most important quality parameters for cookies as it correlates with the texture and consistency of the cookie. It is easy to see that the addition of different amounts of flours affects the quality of confectionery [69]. Van Toan and Vu Quynh Anh [54] noted that an increase in the proportion of purple sweet potato flour increased the spread ratio for cookies enriched with the aforementioned flour. The results were directly influenced by the thickness of the cookies decreasing with the addition of purple sweet potato flour, which is directly related to the spread ratio of the products. The diameter value was virtually unchanged regardless of the proportion of sweet potato flour. As a result, cookies made from composite flour had a higher spread ratio than wheat cookies. The result may have been influenced by the lower protein content of the purple potato flour. Makinde and Taibat [70] prepared a cookie recipe with the following flours: maize, almond, and coconut. The contribution of the flours increased the diameter of the cookies from 4 to 8% compared to the control sample of 49.60 mm. The thickness, on the other hand, decreased from approximately 10 to 22% compared to cookies containing only wheat flour. In the final products, the value of the spread ratio increased from 5 to 26% from that characterizing the control cookie. Adeola and Ohizua [71] showed that as sweet potato flour and banana flour increased in the composition of the cookies, the thickness of the cookies increased. These changes were explained by the increasing protein content of the product. An analogous trend was observed in the study of this work because a greater thickness of cookies corresponded to higher protein content (Table 4 and Table 6).





4. Conclusions


	
It was found that the Magenta Love potato pulp had a higher content of polyphenols, flavonoids, phenolic acids, and anthocyanins compared to the Marleta Blue variety of potato pulp, which contributed to higher antioxidant activity.



	
It was noted that the Magenta Love potato pulp added at a level of 10% contributed to a significant increase in the total polyphenol content of the dessert cookies compared to the control sample. In addition, an increase in flavonoid content was observed as a result of the use of colored potato pulp in the cookie recipe, particularly when using the potato variety Magenta Love. It was found that the 10% share of Magenta Love potato pulp had a doubling effect on the phenolic acid content of the final product compared to the control cookies. In other cases, a decrease in phenolic acid content was observed, which could be due to degradation processes of these compounds. It was found that the antioxidant activity of dessert cookies with Magenta Love and Marleta Blue potato pulp was higher in relation to the control cookies, which is adequate to the polyphenol content.



	
Considering nutrients, cookies with 5 and 10% Magenta Love potato pulp had higher amounts of protein and fiber compared to the control and cookies with Marleta Blue potato pulp. Cookies enriched with potato pulp had a 30% lower HMF content relative to the control and a higher acrylamide content, which still fell below the limit for this type of product.



	
It was observed that the addition of pulp isolated from colored potatoes increased the volume of the final products relative to the control products. In contrast, the diameter of the analyzed cookies decreased with an increase in the addition of pulp.



	
In conclusion, the pulp isolated from Magenta Love variety was more beneficial for enriching dessert cookies with health-promoting compounds than the Marleta Blue preparation. It can be suggested that dessert cookies with a 10% share of potato pulp of the Magenta Love potato variety can be recommended on an industrial scale because of the product’s health-promoting properties and good physical and nutritional quality. The utilization of by-products in food technology is very important as it is inextricably linked with zero-waste technology. It should be remembered that starch is produced from light-colored potato varieties, which are poorer in phenolic compounds than potatoes with colored flesh. In the future, however, it would be possible to use potatoes with colored flesh for starch production because they are more resistant to diseases due to the very high proportion of anthocyanins in their tubers. Thus, it would be advantageous to use colored potato pulp for the production of food products, especially those labelled gluten free, as it could provide additional value. The gluten-free food sector could be one of the most profitable food industries, not only because of the significant number of people with celiac disease, but also because of the prevailing trend where a significant number of people are switching to a gluten-free diet in search of diets alternative to the traditional one.
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Table 1. Recipes for dessert cookies with the addition of potato pulp (g).
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	Control
	DCMB5
	DCMB10
	DCML5
	DCML10





	Corn starch
	358
	340.1
	322.2
	340.1
	322.2



	Potato starch
	16
	16
	16
	16
	16



	Icing sugar
	180
	180
	180
	180
	180



	Margarine
	96
	96
	96
	96
	96



	Egg mass
	26
	26
	26
	26
	26



	Milk
	64
	64
	64
	64
	64



	Salt
	1.2
	1.2
	1.2
	1.2
	1.2



	Baking powder
	12.8
	12.8
	12.8
	12.8
	12.8



	Potato Pulp
	0
	17.9
	35.8
	17.9
	35.8










 





Table 2. Content of polyphenols, flavonoids, phenolic acids, flavonols, and anthocyanins and chemical composition of colored potato pulp.
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Marleta Blue

	
Magenta Love




	
Polyphenols




	
Total phenolic content—with F-C reagent (mg catechin/100 g d.m.)

	
188.01 ± 22.84 a

	
340.46 ± 35.18 b




	
Total phenolic content—without F-C reagent (mg catechin/100 g d.m.)

	
197.27 ± 7.19 a

	
366.54 ± 15.58 b




	
Flavonoids

(mg rutin/100 g d.m.)

	
113.30 ± 18.53 a

	
148.75 ± 12.52 b




	
Phenolic acids

(mg gallic acid/100 g d.m)

	
28.90 ± 0.00 a

	
61.16 ± 1.69 b




	
Flavonols

(mg quercetin/100 g d.m.)

	
53.05 ± 0.00 b

	
8.54 ± 9.81 a




	
Anthocyanins

(mg cyanidin—3-glucoside/100 g d.m.)

	
23.87 ± 0.92 a

	
49.27 ± 2.66 b




	
ABTS (mMTx/kg d.m.)

	
60.52 ± 0.70 a

	
77.31 ± 0.83 b




	
Chemical composition (g/100 g d.m.)




	
Protein

	
4.35 ± 0.03 a

	
6.44± 0.11 b




	
Fat

	
0 ± 0

	
0 ± 0




	
Ash

	
2.01 ± 0 a

	
2.37 ± 0.07 b




	
Total dietary fiber

	
16.71 ± 0.31 a

	
19.68 ± 0.27 b








Different letters in the rows in the table represent the statistically significant difference of average values (p = 0.05).













 





Table 3. Content of polyphenols, flavonoids, anthocyanins, and phenolic acids in dessert cookies with the addition of colored potato pulp.
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	TPC—with

F-C Reagent (mg Catechin/100 g d.m.)
	TTPC—without

F-C Reagent (mg Catechin/100 g d.m.)
	Flavonoids

(mg Rutin/100 g d.m.)
	Anthocyanins (mg Cyanidin—3-Glucoside/100 g d.m.)
	Phenolic Acids

(mg Gallic Acid/100g d.m.
	ABTS (mMTx/kg d.m.)





	Control
	22.07 ± 4.14 a
	18.22 ± 7.33 ab
	14.40 ± 2.97 a
	0.95 ± 1.06 a
	2.94 ± 0.15 c
	15.78 ± 0.85 a



	DCMB5
	30.46 ± 2.19 b
	26.86 ± 3.45 b
	17.75 ± 1.77 b
	2.60 ± 0.00 b
	1.87 ± 0.07 a
	22.17 ± 0.10 b



	DCMB10
	33.74 ± 1.09 b
	24.27 ± 1.73 b
	23.5 ± 1.77 c
	2.60 ± 0.00 b
	1.99 ± 0 a
	26.96 ± 0.10 c



	DCML5
	33.01 ± 1.26 b
	26.50 ± 0.00 b
	36.35 ± 3.61 d
	1.00 ± 0.00 a
	2.17 ± 0.04 b
	25.36 ± 1.05 c



	DCML10
	47.60 ± 1.67 c
	42.56 ± 3.99 c
	61.25 ± 2.26 e
	4.20 ± 0.00 c
	6.05 ± 0.17 d
	38.15 ± 0 d







Different letters in the column represent the statistically significant difference of average values (p = 0.05).













 





Table 4. Chemical composition of dessert cookies with the addition of colored potato pulp (g/100 g) and their energy value (kcal/100 g).
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	Moisture
	Protein
	Fat
	Ash
	Total Dietary

Fiber
	Available

Carbohydrates
	Energy





	Control
	3.12 ± 0.05 a
	1.18 ± 0.02 b
	12.83 ± 0.02 a
	1.45 ± 0.02 a
	0.49 ± 0.02 b
	80.93 ± 1.50 d
	444.89 ± 3.20 c



	DCMB5
	4.15 ± 0.02 b
	1.11 ± 0 a
	12.85 ± 0.03 a
	1.43 ± 0.05 a
	0.22± 0 a
	80.24 ± 1.12 c
	441.49 ± 3.13 c



	DCMB10
	5.33 ± 0.07 c
	1.12 ± 0.01 a
	12.84 ± 0.05 a
	1.47 ± 0.07 a
	0.80 ± 0.07 c
	78.44 ± 2.40 a
	435.40 ± 2.90 a



	DCML5
	4.54 ± 0.03 b
	1.19 ± 0.04 b
	12.82 ± 0.03 a
	1.44 ±0.09 a
	0.54 ± 0.05 b
	79.47 ± 2.12 b
	439.10 ± 2.76 b



	DCML10
	5.10 ± 0.05 c
	1.39 ± 0.05 c
	12.78 ± 0.04 a
	1.50 ± 0.01 a
	1.19 ±0.04 d
	78.04 ± 1.83 a
	435.12 ± 2.55 a







Different letters in the column represent the statistically significant difference of average values (p = 0.05).













 





Table 5. Acrylamide and HMF in dessert cookies with the addition of colored potato pulp.
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	Acrylamide Content (μg/kg)
	HMF Content (μg/kg)





	Control
	65.67 ± 3.25 a
	3.1 ± 0.1 b



	DCMB5
	80.50 ± 7.5 b
	2.00 ± 0.008 a



	DCMB10
	90.11 ± 7.98 d
	1.99 ± 0.02 a



	DCML5
	89.79 ± 1.64 b
	1.96 ± 0.1 a



	DCML10
	95.11 ± 3.44 d
	2.22 ± 0.18 a







Different letters in the column represent the statistically significant difference of average values (p = 0.05).













 





Table 6. Physical properties of dessert cookies enriched with pulp of colored potato varieties.
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	Weight (g)
	Volume (mL)
	Diameter (mm)
	Thickness (mm)
	Spread Ratio





	Control
	10.15 ± 0.15 b
	56.70 ± 0 a
	61.58 ± 0.12 d
	11.0 ± 0.10 a
	5.59 ± 0.12 c



	DCMB5
	9.93 ± 0.10 a
	58.80 ± 0.15 b
	59.16 ± 0.37 c
	11.3 ± 0.59 b
	4.97 ± 0.20 b



	DCMB10
	10.18 ±0.20 b
	61.00 ± 0.27 c
	57.58 ± 0.50 b
	12.00 ± 0.12 c
	4.80 ± 0.20 b



	DCML5
	10.27 ± 0.10 b
	61.30 ± 0.53 c
	59.00 ± 0.20 c
	12.5 ± 0.70 c
	4.72 ± 0.43 b



	DCML10
	10.57 ± 0 c
	58.00 ± 0.89 ab
	56.58 ± 0 a
	13.37 ± 