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The current study focused on developing protein- and dietary fiber-enriched, micronutrient-fortified corn snacks using extrusion technology. Corn, soybean, and chickpea flour were used to develop micronutrient-fortified (Fe, Zn, I, and vitamin A, and C) extruded snacks, followed by an exploration of their nutritional traits. Soybean and chickpea were supplemented discretely (20–40/100 g) or in a combination of both (10:10, 15:15, and 20:20/100 g). According to the results, the relative proportion of the raw material composition was reflected in corn snacks' proximate composition and mineral and vitamin levels. Corn snacks with 40/100 g soy flour showed the best nutrient profile, with a maximum percent increase in protein (171.9%) and fiber (106%), as compared to the snacks developed using chickpea and/or mixed supplementation with soy and chickpea. Total dietary fiber (18.44 ± 0.34%), soluble dietary fiber (10.65 ± 0.13%), and insoluble dietary fiber (7.76 ± 0.38%) were also found to be highest in the soy-supplemented snacks (40/100 g). It was discovered that 100 g of corn snacks could provide 115–127% of the RDA for iron, 77–82% of the RDA for zinc, 90–100% of the RDA for vitamin A, and 45–50% of the RDA for vitamin C. The results for the effect of extrusion processing on amino acids showed a 2.55–45.1% reduction in essential amino acids, with cysteine and valine showing the greatest decrease and leucine and tryptophan remaining relatively stable during extrusion.

KEYWORDS
 extrusion, snacks, fortification, protein, dietary fiber


1. Introduction

South Asian countries are facing serious health issues because of malnutrition. The situation is worse in India, Pakistan, and Bangladesh, where half of the world's malnourished children and women reside (1). Factors such as growth and development are mainly dependent on the status of human beings. Micronutrients are required for the normal functioning of the body, including for nerve impulse conduction, for normal physical and mental function, for maintaining electrolyte balance, for regulating blood pressure, and as part of most enzymes and hormones (2). Therefore, awareness of eradicating micronutrient malnutrition has improved over the last few years (3).

Nutrition-related problems could be best addressed by food-based approaches. The use of food fortification to improve micronutrient status in a population (4, 5) without requiring any radical changes in food habits and reaching almost all sections of society (6) is one of the most effective and long-term approaches. The most important considerations are to calibrate the nutrient profile during fortification to avoid any toxicological effects, the use of multiple micronutrients, and the cost-effective addition of nutrients to foods (7).

The Composite Flour Program has been initiated by FAO, especially for the development of healthy bakery items for the masses. This initiative has paved the way to introduce an array of products with commercial significance, nutritional benefits, and additional advantages in functional and textural parameters. During the development of composite flours, factors such as consumer acceptability, nutritional quality, and functional and prophylactic benefits are considered (8). Composite flours are developed by supplementing cereal flours (rice, maize, sorghum, and pearl millet) with legume flours to alleviate prevailing malnutrition in South Asia without disturbing the quality of finished products. Despite many advancements, there are still many hurdles in preparing cereal, tuber, and legume-based formulations to replace the gluten in cereal-based products. Rice and maize as composite flours provide a better option to mimic gluten properties. Corn is an underutilized crop in Pakistan. The escalating prices of dietary staples such as wheat flour and rice in Pakistan have created an opportunity to utilize composite flour technology to produce diverse food products and to improve the economic access of the masses to food availability and security (9). In food processing, extrusion technology has been used commercially to develop shelf-stable food products. Extrusion has several advantages, including the development of the desired shape of products, the reduction of anti-nutritional factors, and improved digestibility and palatability of nutrients. During extrusion processing, the digestibility of the starch also increases due to its gelatinization (10). Corn (Zea mays L.) is an ideal ingredient for producing snacks through extrusion due to its starch content (11). Corn is one of the chief cash crops of Pakistan and is ranked third in importance after wheat and rice. Corn is used in various forms in the food processing industry. In developing countries, its utilization is limited to forage forms for livestock and poultry. Therefore, the production of value-added food products from corn is required.

Soybean (Glycine max) contains high levels of good-quality protein, making it an ideal option to increase the protein content of different food products. Soybeans contain nearly all the nutrients required for good health, including nine essential amino acids. Similarly, chickpea (Cicer arietinum), a good source of protein, especially after defatting, provides 25.3–28.9% protein and is a substantial source of essential fatty acids, essential amino acids, and minerals (12). Guar gum is one of the excellent sources of dietary fiber, with a high concentration of soluble dietary fiber (75%) and insoluble dietary fiber (7.6%). Physiological, structural, chemical, and technological traits of soluble and insoluble dietary fiber are different. The addition of soluble dietary fiber, which forms a gel, results in increased satiety and gastric emptying time.

The consumption of snack foods has increased with the changing lifestyle of the 21st century. Snacks are foods that are typically smaller than a regular meal and consumed between meals. In the United States, children take snacks on average six times a day. Keeping in view the increased consumption of snacks in the diet, public departments in various countries, such as Health Canada, are recommending people replace conventional snacks with healthier snacks in their diet (13).

The current study was designed to formulate corn-based micronutrient-fortified extruded snacks enriched with protein by supplementing corn with soybean, chickpea, and dietary fiber from guar gum. These snacks not only fulfill the dietary requirements of the community but also help mitigate certain micronutrient and macronutrient deficiencies in children in developing countries. Therefore, it can serve as a miracle to alleviate the malnutrition burden.



2. Materials and methods


2.1. Procurement and preparation of raw materials

For this study, corn (Zea mays), soybeans (Glycine max), chickpeas (Cicer arietinum), and guar gum were procured from the local market in Faisalabad, Pakistan. Micronutrient premix (Fe, Zn, I, and vitamins A and C) was provided by Fortitech Inc. A vitamin/mineral pre-mix comprising five micronutrients used for fortification (Fe as NaFeEDTA, Zn as zinc oxide, I as sodium iodide, vitamin A as retinyl palmitate, and vitamin C as ascorbic acid) was provided by Fortitech in Schenectady, New York, USA. Megazyme total dietary fiber (TDF) test kits were procured from Novozymes, Karachi, Pakistan. All reagents and standards used in the study were procured from Sigma-Aldrich (Merck KGaA, Darmstadt, Germany). Physical impurities were removed with manual cleaning. Dehulling and milling of both soybeans and chickpeas were carried out to get flour, followed by defatting with the solvent method. Defatted soy and chickpea flours were stored in separate polythene bags with the corn flour at 25°C for further use.



2.2. Analysis of the raw materials
 
2.1.1. Proximate composition

Corn, soybean, and chickpea flours were analyzed for crude fat (AACC Method No. 30-25), crude protein (AACC method no. 46-10), moisture (AACC Method No. 46-30), crude fiber (AACC method no. 32-10), and total ash (AACC method no. 08-01) by the respective methods described by AACC (14).



2.2.2. Mineral content

Raw materials (corn, soybean, and chickpea flours) were analyzed for a mineral profile by wet digestion according to the method given in AOAC (15). The sample (0.5) was first digested at low temperature (60–70°C) with 10 mL of HNO3 for 20 min in a 100-mL conical flask on a hot plate. Then, it was digested at a high temperature (190°C) with 5 mL of concentrated HClO4 until the contents of the flask became clear. The mineral contents of the samples were determined using the respective standard curves prepared for each element. Aliquots were used to estimate Na and K by a flame photometer (Sherwood Flame Photometer, Cambridge, UK). Sodium and potassium contents were determined by using the flame photometer 410 (Sherwood Scientific Ltd., Cambridge, UK), whereas magnesium, calcium, iodine, iron, and zinc contents were determined through an atomic absorption spectrophotometer (Varian AA240, Varian Medical Systems Australasia Ltd., Belrose, Australia). The samples were quantified against standard solutions of known concentrations that were analyzed concurrently.



2.2.3. Analysis of vitamins

AOAC, method no. 2012.09, was used for the determination of the vitamin A content of flour samples (15). In contrast, Hernández et al. (16) method was used for vitamin C determination.


2.2.3.1. Vitamin A

Stock solutions (100 μg/mL) of retinyl palmitate were separately prepared in 100 mL of absolute ethanol. The working standard (5 μg of retinyl palmitate/mL) was prepared by diluting 5 mL of retinyl palmitate stock solution to 100 mL with ethanol. The concentration of the working standard was determined by measuring absorbance at 328 nm and dividing it by the specific absorption coefficient E (1%/1 cm) of 975 for retinyl palmitate. Calibration was performed using a concentration range of 0.09–2.0 μg/mL.

Samples were diluted with hexane (1:10), and 200 mL of the sample was transferred to a screw-capped tube, followed by the addition of 600 mL of methanol. The solution was vortex mixed, followed by centrifugation (3,000 g, 5 min) and filtration through a 0.45 mm pore-size filter, and the aliquot was injected into the HPLC (17).

The HPLC system (Perkin Elmer-200 Series, PerkinElmer Life, and Analytical Sciences, USA) was used in this study. HPLC was assisted with a degasser, an auto-sampler, a binary pump, and a UV/Vis detector. A reversed-phase C18 column (150 × 4.6 mm, 3.5 μm particle sizes) was used. Total Chrome Software was used to evaluate and quantify. Acetonitrile/methanol (75:25%) was used as the mobile phase, which was delivered at a 1.0 mL/min flow rate and held at 40°C.

The sample volume to be injected into HPLC was 20 μL with the (96:4) mobile phase consisting of methanol and water; elution was performed at a flow rate of 2 mL/min. The temperature of the analytical column was 45°C. Vitamin A was detected at 265 and 325 nm for 15 min. The quantification was performed using the retention times and peak areas of the standards and samples.



2.2.3.2. Vitamin C

Then, 0.25 g of DCIP was dissolved in 500 mL of distilled water to prepare the 2,6-dichloroindophenol (DCIP) solution, followed by the addition of sodium bicarbonate (0.21 g). The final volume of the solution was made up to 1 L with the help of distilled water. The concentration of the DCIP was almost 250 mg of DCIP/L. The next step was the standardization of the DCIP solution. Subsequently, 5 mL of an ascorbic acid solution was carefully pipetted into a 250-mL Erlenmeyer flask. The concentration of standard ascorbic acid was recorded. Afterward, 2 mL of the sulfuric acid mixture was added, and about 25 mL of distilled water was added to the flask. The flask was swirled to mix the solution. Then, 50 mL of the DCIP solution was added to the burette. DCIP was used to titrate the ascorbic acid until a permanent light red or pink color appeared, which lasted more than 30 s. After standardization, a standard DCIP solution was used to titrate the sample until a permanent light red or pink appeared, which lasted for more than 30 s. Vitamin C was calculated by the oxidation balance (16).




2.3. Extrusion formulations

As shown in Table 1, different levels of soybean and chickpea flour were used for the preparation of extrusion formulations. All formulations contained 7 g of guar gum per 100 g, except Control 1 treatment. In all treatments, minor ingredients (table salt, distilled mono-glycerides, and lecithin) were added, along with a micronutrient premix (Fe, Zn, I, and vitamins A and C) as per 3 g of the RDA per 100 g of the treatment formulations.


TABLE 1 Extrusion formulations (g/100 g).
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2.4. Extrusion processing

A pilot-scale single screw extruder (DGP-50, Henan Manufacturer, China) with instrumental specifications, i.e., a feed rate of 30 kg/h, a barrel diameter of 50 mm, and a temperature of 120–180°C, was used. The temperature was maintained at 150°C during the processing of corn snacks with the help of water circulation and monitored with the help of a thermocouple. The die was fitted with one circular insert of 4.2 mm diameter × 18.90 mm length. The operating variable was adjusted with the help of a pre-run of the extruder so that products with desired physical and textural properties were obtained. As the product exited the extruder barrel, it was collected in the trays and cooled at room temperature, followed by the collection of samples in the zip-lock polythene bags for further analysis.



2.5. Chemical composition of micronutrient-fortified corn snacks

Proximate composition, mineral content, and vitamins A and C were determined by following the methods described earlier.

Megazyme Test Kit was used to determine the dietary fiber content of corn snacks using the AACC (Method 32-05) and AOAC (Method 985.29) methods. The details of the procedures are given as follows:


2.5.1. Total dietary fiber (TDF)

The samples were dispersed in a buffer solution and incubated with heat-stable α-amylase at a temperature of 95–100°C for 35 min. After cooling the samples to 60°C, 100 l of protease solution was added and incubated at 60°C for 30 min. Finally, these contents were incubated with amyloglucosidase at 60°C for 30 minutes. The fiber contents were precipitated by the addition of alcohol in 1:4 ratio. The contents were filtered and washed with alcohol and acetone. A blank was run through the entire procedure along with test samples to calculate any contribution from reagents to the residue.




2.5.2. Soluble dietary fiber (SDF)

The samples were dispersed in a buffer solution and incubated with heat-stable α-amylase at 95–100°C for 35 min. After cooling the samples to 60°C, 100 μL of protease solution was added, and the contents were incubated at 60°C for 30 min. Finally, the contents by adding amyloglucosidase were incubated at a temperature of 60°C for 30 min. The residue after filtration was washed and rinsed with 10 mL of water. The filtrate and water washing were weighed, and soluble dietary fiber was precipitated with four volumes of ethyl alcohol. The contents were filtered and dried, and corrected for ash and protein contents. A blank was also run simultaneously through the entire procedure along with test samples to calculate any contribution from reagents to the residue.



2.5.3. In-soluble dietary fiber (IDF)

The samples were dispersed in a buffer solution and incubated with heat-stable α-amylase at a temperature of 95–100°C for 35 min. After cooling up to 60°C, the samples were incubated by adding 100 μL protease solutions at 60°C for 30 min, and then the contents were incubated by adding amyloglucosidase at 60°C for 30 min. The residue after filtration was washed and rinsed with 10 mL of water. The resultant residue was weighed, and soluble dietary fiber was precipitated with four volumes of ethyl alcohol. The contents were filtered, dried, and corrected for ash and protein contents. A blank was also run simultaneously through the entire procedure to calculate any contribution from reagents to the residue.



2.5.4. Calorific value

The calorific value of the extruded snack was determined by using an oxygen bomb calorimeter (C2000 Basic, IKA-WERKE, Germany), as described by 9. The sample (0.5 g) was taken into the metallic decomposition vial. The vial was unscrewed and fastened by a cotton thread with a loop onto the middle of the ignition wire before loading the sample. Then, the screw cap was tightened. The decomposition vial was guided into the filler head through the open measuring cell cover until it was in place. The start button was pushed, and the measuring cell cover was closed. An electric spark was used to burn the sample contained within the vial. The heat produced was noted by C5040 CalWin software of the computer (IKA-Werke, Germany) and displayed as calories per gram of a sample.




2.6. Amino acids profile

The amino acid profile of the raw materials was assessed to calculate the relative amino acid concentration in the extrusion formulations as per proportion in the final formulation treatments, followed by the evaluation of the fortified corn snacks for the essential and non-essential amino acids. The amino acid composition of the extrusion formulations and extruded snacks was used to estimate the impact of extrusion processing on the amino acid profile in extruded fortified corn snacks. The amino acid profile of the snacks was determined through an automatic amino acid analyzer (Hitachi L8500, Tokyo, Japan) by following the method described by Adeyeye and Afolabi (18). Then, 30 mg of defatted ground sample, 5 μm of leucine, and 5 mL of 6 M HCl were filled in a glass ampule. Evacuation of the ampule was done using liquid nitrogen, followed by ampule sealing with a burner. The hydrolyzation of the ampoules was done in an oven at 110°C for 24 h. The tip of the ampoule was broken down to cool and filter the contents in it. The contents were dried in a rotary evaporator at 40°C under a vacuum. Acetate buffer (pH 2.2) was used for the preparation of samples for different amino acids. Subsequently, 5 μL of acetate buffer was used for neutral amino acids and 10 μL for basic amino acids. The resultant sample solution was dispensed into the amino acid analyzer cartridge. A peak area comparison of the standards and samples was made for the quantification of the amino acid content.



2.7. Statistical analysis

The collected data were subjected to statistical analysis using SPSS version 25. For the quantitative variables, frequency, percentages, and means (standard deviation) were used. An analysis of variance (ANOVA) was performed to determine the significance of the treatments used in the study. Tukey's honest significance test was used for posthoc analysis. The level of significance was taken as a p-value of ≤ 0.005 (19).




3. Results and discussion

Protein- and dietary fiber-enriched, nutrient-dense extruded snacks were developed using soy, chickpea, and corn flours, along with micronutrient fortification. Soybean, chickpea, and corn flours were subjected to chemical and nutritional analyses for the estimation of nutrient potential. The extruded snacks were studied for nutritional traits such as proximate composition, vitamins, minerals, amino acids, dietary fiber, and caloric evaluation.


3.1. Chemical composition of raw materials

The results of the proximate composition of raw materials (corn, soy, and chickpea flours) showed the highest moisture content (10.61 ± 0.21%) in the corn flour and the lowest in the soy flour (7.20 ± 0.27%). Soy flour had the highest protein level (46.2 ± 0.17%), followed by chickpea flour (22.5 ± 0.11%). Soy flour was subjected to defatting before use, which is why crude fat was lowest (1.22 ± 0.13%) in defatted soy flour, followed by corn flour (3.86 ± 0.07%) and chickpea flour (6.51 ± 0.12%). The crude fiber of the chickpea flour was found to be the highest (17.5 ± 0.08%) among all raw materials. Ash content was highest (3.06 ± 0.03%) in soy flour among all the raw materials.

Mineral analysis depicted that corn and chickpeas were excellent sources of sodium, i.e., 57.3 ± 4.2 mg/100 g and 64 ± 5.4 mg/100 g, respectively. Soybean showed a relatively low sodium content (20 ± 1.5 mg/100 g). The highest levels of potassium, calcium, and magnesium (2,384 ± 48.2 mg/100 g, 241 ± 25.3 mg/100 g, and 290 ± 12.3 mg/100 g, respectively) were found to be in soybeans. Zinc and iron contents, which ranged from 1.73 ± 0.10 to 2.81 ± 0.14 mg/100 g and 2.38 ± 0.64 to 9.24 ± 0.71 mg/100 g, respectively, were far below the daily requirements, which highlighted the need for the fortification of the food products containing corn, soybean, and chickpea as chief ingredients.

Corn showed maximum vitamin A content (214 ± 5.3IU), followed by chickpea (41 ± 2.2IU) and soy (40 ± 3.1IU). It is worth mentioning that none of the raw materials contained vitamin C. It was concluded from the results that the fortification of vitamin C would be obligatory to fulfill nutrient requirements in the diet. The results for proximate composition, mineral composition, and vitamin composition were consistent with earlier findings (20–22).



3.2. Compositional and nutritional analysis of micronutrient-fortified corn snacks

Significant differences were observed for the crude protein, moisture, crude fat, crude fiber, and ash content in fortified corn snacks (Figure 1). It was noted that the lowest moisture level (3.40 ± 0.02%) was present in corn snacks developed with 40/100 g of soy flour supplementation. Corn snacks developed without supplementation had a high moisture content (5.400.01%). It can be concluded from the results that the supplementation with soy and chickpea flours resulted in decreased moisture content in the corn snacks. Varied moisture content (7.1 ± 0.17 to 9.1 ± 0.34%) in extruded snacks prepared using corn and rice was reported in another study as well (23). Means for crude protein content (7.600.10%) were lowest in corn snacks extruded without soy or chickpea flour supplementation. The maximum value (20.67 ± 0.46%) of proteins was noticed in corn snacks developed with 40/100 g of soy flour supplementation, while the lowest value (14.0 ± 0.50%) was noted in corn snacks developed with 20/100 g of soy flour supplementation. It was also concluded from the results that the protein contents of soy-supplemented corn snacks were higher than those of chickpea-supplemented snacks at each supplementation level.
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FIGURE 1
 (A) Means for the effect of treatments on the proximate composition (%). (B) Means for the effect of treatments on the vitamin A content, (C) means for the effect of treatments on the vitamin C content. C1, control 1; C2, control 2; T1, corn snacks supplemented with 20/100 g of soy flour; T2, corn snacks supplemented with 30/100 g of soy flour; T3, corn snacks supplemented with 40/100 g of soy flour; T4, corn snacks supplemented with 20/100 g of chickpea flour; T5, corn snacks supplemented with 30/100 g of chickpea flour; T6, corn snacks supplemented with 40/100 g of chickpea flour; T7, corn snacks supplemented with 10:10/100 g of soy and chickpea flour; T8, corn snacks supplemented with 15:15/100 g of soy and chickpea flour; T9, corn snacks supplemented with 20:20/100 g of soy and chickpea flour.


A minimum amount of crude fat (0.79 ± 0.01%) was found in non-supplemented corn snacks. An increase in crude fat was observed with increasing supplementation levels, and corn snacks supplemented with chickpea flour showed higher crude fat content as compared to both the soy-supplemented and mixed-supplemented snacks.

Ash content was lowest (2.50 ± 0.03%) in the non-supplemented corn snacks, followed by corn snacks that contained only 7/100 g of guar gum (2.64 ± 0.01%). Soy flour-based snacks had the highest ash content (3.390.02%) of any supplemented snack. It was also observed that the ash of soy-supplemented corn snacks was higher than that of chickpea-supplemented corn snacks at each level of supplementation.

The proximate composition of the corn snacks revealed that the non-supplemented corn snacks contained the least amount of crude fiber (0.300.02%). Soy-supplemented corn snacks depicted the highest amount of crude fiber content as compared to others due to escalated levels of supplementation.

The results of the present research cohere with a previous study on the development of crisp from soy flour (25–40/100 g) and rice flour by supercritical fluid extrusion. Protein (334–568%) and dietary fiber (571–901%) were improved in the final products due to soy flour supplementation (24). Another study suggested that the incorporation of soy flour into cereals can assist in overcoming the deficiency of the protein (25). Similarly, in a study, a novel source of protein, i.e., spirulina, was used to increase the protein content of dry pasta, with the amount of protein ranging from 12.91/100 to 23.49/100 g in the final products (26). Another study concluded that protein-rich (40–60/100 g dry basis) extruded products prepared from a soy protein isolate-corn flour blend can be prepared with minimum moisture, ranging from 2.2 to 3.5% (11).



3.3. Mineral profile

Fortified corn snacks showed significant differences in calcium, potassium, magnesium, sodium, iron, and zinc content in comparison with the control (Table 2). The maximum value (100.70 ± 9.21 mg/100 g) of calcium was observed in corn snacks containing 40/100 g of soy flour, whereas the least value (6.62 ± 0.59 mg/100 g) was observed in corn snacks extruded without soy or chickpea flour supplementation.


TABLE 2 Means for the effect of treatments on the mineral content (mg/100 g), dietary fiber (g/100 g), and calories (K cal/g) of extruded corn snacks.
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Corn snacks showed potassium levels ranging from 402.82 ± 34.21 to 1,124.4 ± 55.32 mg/100 g in the snacks that contained soy and chickpeas. In contrast, non-supplemented corn snacks contained 296.88 ± 16.64 mg/100 g potassium. An analysis of treatment supplemented with soy or chickpea flour for magnesium content revealed a range of 102.98 ± 9.53 to 166.92 ± 4.98 mg/100 g among all the soy or chickpea flour-supplemented snacks. However, sodium content ranged from 7.67 ± 0.74 to 28.35 ± 1.23 mg/100 g among the soy- and chickpea-supplemented treatments. Non-supplemented corn snacks showed the lowest sodium content (4.71 ± 0.21 mg/100 g), whereas the highest sodium content (28.35 ± 1.23 mg/100 g) was noted in corn snacks containing 40/100 g of chickpea flour.

Soy and chickpea-supplemented corn snacks showed iron content ranging from 14.47 ± 0.93 to 15.98 mg/100 g. In contrast, non-supplementation snacks contained 10.95 ± 0.89 mg/100 g of iron. It was also noted that the iron level decreased to 10.27 ± 1.32 mg/100 g with the addition of guar gum. Zinc was found to be more abundant in the snacks supplemented with chickpea flour as compared to soy flour, with the highest content of this nutrient (11.33 ± 0.34 mg/100 g) in snacks made with 40/100 g of chickpea flour. However, a minimum (10.65 ± 0.43 mg/100 g) level of zinc was noted in the non-supplemented snacks.

Existing literature suggests that the bioavailability of the minerals improves during extrusion processing owing to the inactivation of anti-nutritional factors, e.g., phytates (24, 27). Moreover, instead of harsh processing conditions, mineral content remains steady during extrusion, and nearly no mineral loss occurs. Some studies even observed an increase in iron, which is linked to the liberation of iron from complex molecules that increases its bioavailability (27). Similarly, another study that used superficial fluid extrusion to prepare micronutrient-fortified rice soy crisp found iron content ranging from 26.19 to 32.09 mg/100 g and zinc content ranging from 13.65 to 14.92 mg/100 g. The study revealed 100% retention of all added minerals, with even a 25% increase in iron level in the crisps (24). Another study revealed that 10% of the RDA of Zn can be filled by consuming spirulina-supplemented corn crisps (28).



3.4. Vitamin A and C content

Vitamin A, the content of the corn snacks, was observed at its maximum (4,962.0 ± 20.12IU) in the non-supplemented corn snacks, followed by the corn snacks (4,950.5 ± 19.32IU) containing 7 g/100 of guar gum (Figure 1). It was also noted that the lowest levels of soy, chickpeas, and mixed supplementation with soy and chickpea contain 4,820.2 ± 17.43, 4,834.5 ± 23.42, and 4,825.5 ± 23.82 IU vitamin A, respectively. Corn is the best source of vitamin A among all the raw materials, as shown by the composition of the raw materials. As a result, corn-based snacks have a higher level of vitamin A. No statistical difference was observed regarding mean vitamin C content. This indicates that supplementation with soy and chickpea has no effect on the vitamin C content of the extruded snacks. The only source of vitamin C is the fortification of snacks with ascorbic acid.

The nutritional composition of the extruded product is mainly dependent on the processing variables of extrusion (29). Some studies utilizing novel extrusion processes retain about 50% of vitamins A and C at low-shear and low-temperature conditions (24). Similarly, 64–76% retention of vitamin C and 55–58% retention of vitamin A were noted in puffed rice made using supercritical fluid extrusion (27).



3.5. Dietary fiber

Dietary fiber in the corn snacks developed with 40/100 g of soy flour showed a maximum level of 18.44 ± 0.34%, whereas a minimum level of 10.36 ± 0.43% was observed in the non-supplemented corn snacks (Table 2). The total dietary fiber of the corn snacks containing soy flour was higher at each supplementation level as compared to the other snacks. The study conducted by Alonso et al. (30) and Varo showed an insignificant variation in total dietary fiber in the product extruded at 161–180°C. Although extrusion showed insignificant changes in the total dietary fiber, the distribution of the soluble to insoluble dietary fiber changed during extrusion (31).

Overall, soluble dietary fiber ranged from 9.41 ± 0.13 to 10.65 ± 0.13%. It was observed that dietary fiber increased with increased supplementation. Soy-supplemented corn snacks have more soluble dietary fiber as compared to the other treatments. Onwulata et al. (32) revealed a 10% increase in soluble dietary fiber after the extrusion of the food product.

As depicted in Table 2, the means for the insoluble dietary fiber of corn snacks showed that insoluble dietary fiber was lowest (5.80 ± 0.21%) in the non-supplemented corn snacks, followed by corn snacks containing guar gum along with corn (6.36 ± 0.31%). The insoluble dietary fiber of the soy-supplemented corn snacks was higher than that of the remaining corn snacks at each supplementation level. Insoluble dietary fiber reduction is linked with extrusion processing, as presented in a study conducted on the extrusion of black beans and cereals (31).



3.6. Calorific value

The corn snack containing 40/100 g soy flour had the highest mean calorific value (40,646.31 kcal/g). The minimum calorific value (3,933 ± 4.22 kcal/g) was noted in non-supplemented corn snacks. Overall, soy-supplemented corn snacks showed higher calorific values as compared to chickpea-supplemented snacks (Table 2).



3.7. Effect of extrusion on the amino acid composition of fortified corn snacks

The basic aim behind supplementing soy and chickpeas with corn was to improve the quantity and quality of protein in the final extruded product. Extrusion has both positive and negative effects on different amino acids. In the current study, first, raw materials, i.e., soy, chickpea, and corn flour, were analyzed for the amino acid profile. The results are summarized in Figure 2. These concentrations of the amino acids were used to compute the amino acid profile of the extrusion premixes based on their proportion in the final formulation. The amino acid profile was evaluated using the essential and non-essential amino acid composition (mg/100 g) of extruded corn snacks based on the raw material composition. The results of the analysis are shown in Table 3. The means for the essential and non-essential amino acids (mg/100 g) of extruded fortified corn snacks are shown in Table 4.
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FIGURE 2
 (A) Means for the amino acid profile of raw materials [x-axis, amino acids; Y-axis, concentration (mg/100 g)]; (B) Effect of extrusion processing on the essential amino acid of extruded corn snacks (x-axis, essential amino acids; Y-axis, % change in essential amino acid); (C) Effect of extrusion on the non-essential amino acid of extruded corn snacks (x-axis, non-essential amino acids; Y-axis, % change in non-essential amino acids).



TABLE 3 Amino acids composition (mg/100g) of extrusion formulation of corn snacks based on raw material composition.

[image: Table 3]


TABLE 4 Means for the effect of treatments on essential and non-essential amino acids (mg/100g) of extruded corn snacks.

[image: Table 4]

These values of the amino acid composition of the extrusion formulations were compared with the experimental results of the final extruded snacks' amino acid profile to estimate the effect of extrusion processing on amino acid retention. The percent change during extrusion for the essential and non-essential amino acids is shown in Figure 2C. The results revealed that the amino acid that is affected the most by extrusion processing is cysteine (45.1%). Essential amino acids sensitive to extrusion processing can be arranged in the following descending order, starting from most affected to least affected, i.e., lysine, phenylalanine, isoleucine, tyrosine, methionine, and valine, with reduction percentages of 5.7, 5.6, 3.78, 3.47, 2.65, and 2.55%, respectively. Leucine (0.83%) and tryptophan (0.15%) are among the essential amino acids that remained almost unaffected during extrusion processing. Among the non-essential amino acids, the most unstable is alanine (−28.52%). Similarly, as per the results of the study, non-essential amino acids could be arranged in descending order, starting from most affected to least affected, i.e., glycine, aspartic acid, serine, arginine, glutamic acid, histidine, and proline, with reduction percentages of 9.22, 6.12, 5.43, 4.98, 4.52, 2.62, and 1.57%, respectively. This increase is probably due to the inactivation of anti-nutritional compounds such as phytates and trypsin. However, heat-sensitive amino acids' levels decreased during extrusion; the operating temperature of conventional extrusion is always more than 100°C to change the moisture in the recipe to water vapors, which in turn gives extrudates their characteristic puffiness. Another reason is the Millard reaction between sugars and amino acids due to heat during extrusion. It is a leading cause of amino acid loss during extrusion. The findings of the current study were verified by the results of the previous studies. In a study, the effect of heat treatment on the retention of amino acids in infant formula was studied. The results of the study revealed that amino acid destruction during autoclaving is almost 19.5% greater than the usual preparation method that does not include heat treatment. The study reported losses in the range of 4.1–71.5%. Maximum reductions were observed in valine, glutamine, and lysine, i.e., 71.5, 60.6, and 39.2%, respectively. Overall, 28.17% of essential and 27.13% of non-essential amino acids were affected by heat treatment (18). Another study conducted on amino acid retention in canned baby foods also provided similar results on heat treatment of the amino acid profile. It was reported that there was a decrease in amino acids during heat processing; however, it also showed that isoleucine remained unaffected by the heat treatment. The percent recovery of phenylalanine, tryptophan, and tyrosine was 116, 107, and 102%, respectively, which indicates the positive effect of heat treatment on these amino acids (33, 34).




Conclusions

Supplementing corn snacks with soy and chickpeas increased the protein and dietary fiber content of the snacks. Soy-fortified snacks were nutritionally superior to chickpea-supplemented snacks. Corn snacks, developed by using 40/100 g soy flour, showed a high content of protein (20.67 ± 0.46%), dietary fiber (18.44 ± 0.34/100 g), calcium (100.70 ± 9.21 mg/100 g), magnesium (166.92 ± 4.98 mg/100 g), potassium (1,124.4 ± 55.32 mg/100 g), and iron (17.03 ± 1.56 mg/100 g) contents. The supplementation with soy and chickpea improved balance in the amino acid profile of the corn snacks. Amino acids such as lysine (5.70%), phenylalanine (5.6%), isoleucine (3.78%), tyrosine (3.47%), methionine (2.65%), and valine (2.55%) decrease when processed by extrusion technology to produce corn snacks.
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The means carrying the same letter in a column differed non-significantly (p > 0.05).

C1, control 15 C2, control 2; T1, corn snacks supplemented with 20/100 g of soy flour; T2, corn snacks supplemented with 30/100 g of soy flour; T3, corn snacks supplemented with 40/100 g of soy flour; T4, corn snacks supplemented with 20/100 g of
chickpea flour; T5, corn snacks supplemented with 30/100 g of chickpea flour; T6, corn snacks supplemented with 40/100 g of chickpea flour; T7, Corn snacks supplemented with 10:10/100 g of soy and chickpea flour; T8, corn snacks supplemented with
15:15/100 g of soy and chickpea flour; T9, Corn snacks supplemented with 20:20/100g of soy and chickpea flour.
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‘The means carrying the same letter in a column differed non-significantly (p > 0.05).
C1, control 15 C2, control 2; T1, corn snacks supplemented with 20/100 g of soy flour; T2, corn snacks supplemented with 30/100 g of soy flour; T3, corn snacks supplemented with 40/100 g of soy flour; T4, corn snacks supplemented with 20/100 g of
chickpea flour; TS, corn snacks supplemented with 30/100 g of chickpea flour; T6, corn snacks supplemented with 40/100 g of chickpea flour; T7, corn snacks supplemented with 10:10/100 g of soy and chickpea flour; T8, corn snacks supplemented with
15:15/100 g of soy and chickpea flour; T9, corn snacks supplemented with 20:20/100 g of soy and chickpea flour.
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Treatments®*  Guar Corn Soy Chickpea

gum flour flour flour
Control 1 - 97 - -
Control 2 7 90 - -
T 7 70 20 -
T, 7 60 30 -
Ts 7 50 40 -
Ty 7 70 - 20
Ts 7 60 - 30
Ts 7 50 - 40
T, 7 70 10 10
Ty 7 60 15 15
Ty 7 50 20 20

*The remaining formulation (3/100g) was distilled mono-glycerides, table salt, and
lecithin along with micronutrient premix comprising nutrients according to the percent
daily value of added nutrients.
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(&) 38955 +7.52k 28591 %341 432,69 £ 821k 14122 1533 238.93 £ 431k 19149 £431g 635.6247.32k 350.18 £ 441k
T 552214 5.65¢ 784.70  6.09f 12292+ 15.17¢ 2,561.1 £ 20.54d 497.58 % 6.45¢ 350.14 % 2.63d 92320 £5.67d 666.93 % 6.35d
T2 634.00 + 8.04b 1,024.9  13.56¢ 1,625.9 23.26b 3,128.6 % 26.30b 626.68 £ 8.65b 43350 % 6.05b 1,091.8 = 14.46b 82324 £ 4.76b
T3 720.59 £ 9352 1,270.2 £ 15382 2,023.9429.28a 37103 % 31.64a 74728 £ 4.3% 509.77 4 6.46a 12166 % 18.06a 978.54 £ 3.47a
T4 457.28 % 6,631 602.58 & 10.82h 731.62 % 8.391 1,780.0 & 14.77g 33135 £7.24i 267.46 % 7.22f 67272 £ 8.72j 398.77 +7.24i
TS 49237 £ 474h 774.83 £ 9.05f 889.33 £ 7.50h 1,966.6 % 12.97f 37727+ 557h 302.97 + 4.62¢ 697.17 £ 9.36h 42173+873h
T6 508.88 % 6.06f 933.01 + 12.33d 1,037.1 % 10.14f 2,162.8 & 27.25¢ 42638 £ 877 339.69 % 5.64d 71103 £7.27g 44453 £ 5,868
17 500.80 2 7.68g 692.04 £ 11.52g 975.41 £ 12.08g 2,1762 % 18.30e 412.75 £ 4.09g 308.98 + 9.83¢ 79835 % 5.69f 53166 % 9.44f
T8 555.97 + 4.69d 898.38 £ 18.98¢ 12473 % 18.12d 2,562.4 +27.21d 500.92 & 7.36d 369.33 & 4.36¢ 896.96 % 8.88¢ 625.77 £ 6.84¢
9 616.72 & 3.88¢ 1,088.7 & 12.46b 1,5202 % 21.20 2,938.8 & 14.70c 590.96 % 9.66¢ 42447 £ 575b 971.86 4 7.49¢ 717.63 & 7.45¢

The means carrying the same letter in a column differed non-significantly (p > 0.05); C1, control 1; C2, control 2; T1, corn snacks supplemented with 20/100 g of soy flour; T2, corn snacks supplemented with 30/100 of soy flour; T3, corn snacks
supplemented with 40/100 of soy flour; T4, corn snacks supplemented with 20/100 g of chickpea flour; T5, corn snacks supplemented with 30/100 g of chickpea flour; T6, corn snacks supplemented with 40/100 g of chickpea flour; 7, corn snacks
supplemented with 10:10/100 g of soy and chickpea flour; T, corn snacks supplemented with 15:15/100 g of soy and chickpea flour; T9, corn snacks supplemented with 20:20/100 g of soy and chickpea flour.
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