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Introduction: Plant-based yogurt has earned much interest in current times due to the rising demand for milk substitutes, which is tied to ethical and health needs.

Methods: Freeze-drying impact on soybean peel powder (SPP) and mung bean peel powder (MPP) and their use in creating functional yogurt at various concentrations was checked. In functional yogurt, total flavonoid content (TFC), total phenolic content (TPC), antioxidant activity and chemical profile are checked.

Results: The maximum concentration of TPC was 4.65±0.05 (mg GAE/g), TFC was 1.74±0.05 (CE mg/g) and 82.99 ± 0.02 % antioxidant activity was calculated in sample T6, having the highest concentration of SPP, which was substantially more significant than the treatment samples containing MPP. Sensory attributes of the yogurt samples were analyzed, which indicated a decrease when SPP and MPP values increased when introduced at 3 or 6 % of an optimum level. There was no notable loss of the sensory profile compared to the control group. The results were found to be significant at p < 0.05. The freeze-dried SPP had the complete chemical composition compared to MPP except for ash and fiber content.

Discussion: The physicochemical profile of the treatments of functional yogurt had a linear proportional connection in the percentage of both powders in the meantime. When both the dry level of powders increased, the protein and fat levels decreased. In the food industry, the freeze-dried soybean peel and the peel of mung bean can be utilized in functional yogurt as a source of bioactive components.
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1. Introduction

Phytochemicals, dietary fiber, and other essential components abound in agro-industrial waste. This trash is frequently burnt or abandoned, even though it contains numerous valuable nutrients (Thakur, 2020; Khalid et al., 2022a,b,c). One of the essential industrial wastes, soybean has one of the highest concentrations of dietary fiber, bioactive substances, and other critical elements (Sagar et al., 2018). The phrase “food by-products” has gained popularity throughout time. The word clarifies that biological waste may be appropriately processed and transformed into more valuable compounds for the market (Kour et al., 2019; Trivedi et al., 2020; Ali et al., 2022a).

Because of their nutritional qualities (polyunsaturated fatty acids, dietary fibers, and high-quality proteins) and their critical role in lowering the risk of chronic illnesses, soy and mung bean products are becoming a more significant component of the human diet (Kumar and Pandey, 2020; Ali et al., 2021a; Khalid et al., 2022d). Soy products may promote bone health, alleviate menopausal symptoms, and lower the risk of heart disease, type 2 diabetes and cancer (Pabich and Materska, 2019; Ali et al., 2021b, 2022b; Aziz et al., 2022). But for the sector in question, disposing of the by-products of soy and mung bean food production is a significant challenge. Soybean has various drawbacks, such as an unpleasant bean flavor for particular operations and flatulence caused by their raffinose and stachyose concentration (Hachmeister and Fung, 1993; Li et al., 2022). These two beans contain different essential components like mung bean (25–28% protein) and a resource of bioactive components such as polysaccharides, phenolic acids, organic acids, and flavonoids (Kim et al., 2016).

Despite being somewhat more expensive than other drying procedures, freeze-drying yields the finest quality food product attainable (Ishwarya et al., 2015; Ali et al., 2022a). Microwave freeze-drying and atmospheric freeze-drying are two other kinds of freeze-drying that are often employed in the food business (Duan et al., 2016; Ahmed et al., 2022; Maqbool et al., 2022). Due to the elimination of water content in materials by sublimation in both ways, the product quality of these two drying techniques is comparable to that of freeze-drying. Even though there has been a lot of scientific studies done on drying methods, studies have shown that freeze-drying is more efficient (Abdelwahed et al., 2006; Ahmed et al., 2022; Ahmad et al., 2023).

Products that have been freeze-dried retain a large portion of their original flavor and phytochemical qualities (Mustafa et al., 2019). They are also found to be both exceedingly light and crunchy. Since each organic substance (food) has unique features and various requirements, no specific moisture removal procedure is suitable for all kinds of food products (Malode et al., 2021; Khalid et al., 2022a; Manzoor et al., 2022). There is an urgent need to cease squandering and burning these nutrient-dense by-products that can be easily incorporated into new goods to compensate for nutritional shortages in present goods and extend the shelf life (Hansbro, 2023).

This research aims to verify that peel powders from soybean and mung beans may be used to create fermented functional foods high in fiber, like yogurt. The bioactive potential of the freeze-dried soybean and mung bean peel powder has been investigated at several phases of the yogurt production process.



2. Materials and methods


2.1. Raw material procurement

Raw milk, soybeans, and mung beans were purchased from the local market of Lahore city. To prevent contamination, milk, soybean and mung bean were placed into plastic bags. Additionally, the raw materials were sent to the Department of Food Science's fruits and vegetable laboratory at Government College University Faisalabad for additional evaluation.



2.2. Handling of raw material

The laboratory was supplied with milk, mung beans, and soybeans for processing.

First, distilled water was used to wash the soybean and mung bean properly. While removing the peel from the soybean and mung bean, the milk container was stored in a 7°C refrigerator.



2.3. Drying of soy and mung bean peel by freeze-drying

With some necessary adjustments, the freeze-drying method, as suggested by Fischer et al. (2011) was used to dry soy and mung bean peel. This was accomplished using a laboratory freeze-dryer (ALPHA 1-2 LD Plus, Christ, and USA). As indicated in Table 1, several parameters, including freezing temperature, Pkch (mbr) vacuum pressure, Tsh temperature, and residual moisture level were established for wet soy and mung bean peel freeze-drying. In a freeze-dryer, wet Soy and mung bean peel was also transported for drying. The powders were gathered after drying and kept for further examination at room temperature in aluminum pouches. Soy and mung bean peel were dried, then crushed into a fine powder for future research and the creation of functional yogurt.


TABLE 1 Optimized conditions of freeze dryer.

[image: Table 1]



2.4. Product development

As stated in Table 2, SPP and MPP were measured, then added to the pasteurized milk but first the milk was inoculated with cultures having Streptococcus thermophiles and Lactobacillus bulgaricus. The mixture was mixed at 46°C and let 12–24 h for fermentation.


TABLE 2 Treatment table.

[image: Table 2]



2.5. Chemical composition

By measuring the moisture content of dry powder 2 g, precisely., drying it at 100 5°C for roughly 3 h, and then weighing it again, the moisture content was determined. The Kjeldahl and Soxhlet equipment further evaluated the protein and fat levels. Additionally, a 2 g sample was heated to 400°C for 3 h in a muffle furnace under controlled circumstances to determine the sample's ash composition. This particular endeavor also looked into the crude fiber. Meanwhile, the following expression was used to compute nitrogen- or carbohydrate-free extracts:

[image: image]
 

2.6. Yogurt's bioactive characterization
 
2.6.1. Extraction of sample

Utilizing the 9,676.8 g in a KMF grinder (grinder used to grind cereals like beans), freeze-dried soy and mung bean peel samples were reduced to powder. Before further extraction, prepared grounded samples were stored at 40°C in sterile bags to avoid contamination. To make the extracts, ethyl alcohol, methyl alcohol, and water were used. A flask with 100 mL of ethyl acetate was precisely filled with 0.5 g of dry material and then swirled for 3 h at 20°C. A Harrier 18/80 refrigerated centrifuge (MSE, UK, SANYO) was used to spin the mixture at 9,676.8 g for 30°C. Furthermore, the supernatant was filtered using Whitman filter paper (No. 1, 155 mm). The obtained extracts were stored at 4°C for further testing.



2.6.2. Antioxidant activity

Antioxidant activity was evaluated using the technique (2,2-diphenyl-1-picryl hydroxyl) described by Fischer et al. (2011), with specified minor adjustments. For this, precisely 15 ml of the extracts were put into a test tube along with 750 mL of the 0.1 mM DPPH and 735 mL of methanol solution. Everything was well homogenized until the section was completely dissolved in the methanol. The mixture was stored in the dark for exactly 30 min to avoid exposure to light. The absorbance at 517 nm was measured using a UV-visible spectrophotometer (Madison, ermo Scientific Technologies, WI, USA). The findings were presented as mg of extracts corresponding to mM ascorbic acid (AA).



2.6.3. Total phenolic content

According to Donkor et al. (2007), using the Folin-Ciocalteu technique, the TPC (total phenolic content) of the extracted materials was evaluated. This was done by carefully adding 250 mL of the Folin-Ciocalteu reagent, 750 mL of Na2Co3 (1.9 M), and 70 mL of the generated extracts to a test tube with a 10 mL capacity. A volume of precisely 5 mL was created by adding distilled water. This volume was then combined for roughly a minute in a vortex mixer before being kept in the darkness. The absorbance was estimated via a spectrophotometer (Surrey, England's Ermo-Spectronic) at a wavelength of 765 nm. The result was represented in mg dry solids of gallic acid equivalents (GAE).



2.6.4. Total flavonoid content

Using a procedure stated by Xu and Chang (2009), TFC was determined for mung bean peel and freeze-dried soybean extract. To prepare the extract, 4 mL distilled water in a test tube of 10 and 1 mL of the obtained extract were used. After this, 0.3 mL of 5% sodium nitrite was added to the test tube. After 5 min, 0.3 mL aluminum chloride of 10% was added to the test tube. 2 mL of 1 M sodium hydroxide has been added to the test tube and thoroughly homogenized. Now, 2.4 mL of clean water was quickly used to dilute the test tube, and it was mixed correctly. Next, At 510 nm, the pink mixture's absorbance was measured using water as a reference. To produce a reliable calibration curve, several catechin solution mixtures were used. The findings were represented in mg of catechin equivalent (CE) for each gram of dry solids.




2.7. Syneresis analysis

Falcon tubes containing precisely 5 mL of sample were centrifuged at 500 rpm for 15–20 min at 4–5°. Within 1–2 min, the whey was separated. The volume of whey separated per 100 mL of yogurt was used to express the quantity of whey. The syneresis was evaluated and measured during 0th, 7th, 14th, and 21st.



2.8. Sensory evaluation

The sensory evaluation of yogurt samples used a 9-point hedonic scale for the research. A panel of several qualified judges with expertise in the study's topic evaluated sensory qualities. E.g., parameters on the scale were as follows:

1 = dislike, 2 = dislike slightly, 3 = neither like or dislike, 4 = like moderately,

5 = like very much, 6 = like extremely, 7 = good, 8 = very good, and 9 = excellent.



2.9. Statistical analysis

The collected data were imported into SPSS for variance analysis (ANOVA). The significance level among the obtained mean values was determined using Duncan's Multiple Range (LSD) test.




3. Results


3.1. Compositional analysis

The average protein content of yogurt was (14.55 ± 0.67)/100 g, while 15.12 g was the highest we found in T0 with 0% dried MPP and SPP. The T6 sample with 9% freeze-dried MPP had the lowest protein content (13.89)/100 g. The fat analysis reveals that the average amount of fat in 100 g of yogurt was (3.93 ± 0.38) g, with the maximum amount (4.11/100 g) observed in T0 sample with 0% freeze-dried SPP and MPP and the lowest value (3.71/100 g) found in T7 sample with 9% MPP. Yogurt had total soluble solids in an average amount of (13.55 ± 0.35) w/w, found by Brix determination, the T6 (13.98% w/w%) sample containing 9% freeze-dried MPP had the largest quantity. While the T0 sample had (12.88)w/w% TSS content which is lowest at 0% freeze-dried powder. The solid and non-fat content of yogurt had an average value (10.17 ± 60)w/w% and the most significant amount (11.18)w/w% was found in T6 with 0% dried SPP and MPP, whereas the least (8.98 ± 01)w/w% SNF content was calculated in T0 sample with 0% freeze-dried MPP and SPP. To determine the acidity of milk pH analysis was performed and give H+ content or uptake in milk. The relationship between acidity and pH levels had simply a rough estimate. The pH analysis demonstrates that yogurt has pH value on average (4.52 ± 04). In contrast, the largest value was identified in T3 (5.55) sample with 9% freeze-dried SPP and the lowest pH value was analyzed in T6 (4.11 ± 01) sample with 9% MPP.

The ash level of the functional yogurt produced was evaluated where the ash concentration of furnace oil after it has been completely burned reveals the non-combustible portion that left. This was conducted to assess the quantity and makeup of minerals (Inorganic mass) in food. According the analysis of the ash, the average ash content was (1.97 ± 0.16)/100 g of yogurt. T6 had the highest value of ash (2.22 ± 01)/100 g with 9% freeze-dried MPP and control (T0) had the minimum value (1.75 ± 01)/100 g with 0% dried powder. The chemical composition of yogurt are depicted in Table 3.


TABLE 3 Effect of adding SPP and MPP on the chemical composition of Yogurt.

[image: Table 3]

The average chemical composition of SPP and MPP has been displayed in Table 4, showing that MPP samples had higher levels of ash (2.45), carbohydrate (57.14%), moisture (7.43)/100 g, and fiber (23.43), in comparison to SPP samples. SPP samples were discovered to have the maximum fat (1.12/100 g) contents and protein (8.53/100 g).


TABLE 4 Proximate chemical analysis.

[image: Table 4]

Except for protein and fat levels, the SNF, ash, Brix, and pH values of various treatments tended to rise when MPP or SPP concentrations increased (Figure 1). Furthermore, putting freeze-dried MPP components to the created functional yogurt elevated levels much higher than SPP integrated treatments (p < 0.05).


[image: Figure 1]
FIGURE 1
 SPP and MPP effects on the rheological properties of functional yogurt.




3.2. SPP and MPP bioactive potency

In Table 5 the bioactive potential of MPP and SPP have been exhibited which reveals that MPP samples had considerably greater TFC (26.151.0) CE mg/g levels and TPC (221.771.79) mg GAE/g content. On the other hand the SPP samples had lowest TFC (8.400.13) CE mg/g and TPC (52.361.22) mg GAE/g.


TABLE 5 Bioactive profile of SPP and MPP.

[image: Table 5]



3.3. Functional yogurt's bioactive profile

The descriptive analysis reveals average (3.80 ± 0.37)mg GAE/g concentrations in Table 6 for the TPC study. However, in T6 the highest concentration (4.65) mg GAE/g was found with 9% freeze-dried MPP, while in T0 the lowest TPC (3.11) mg GAE/g was found with 0% freeze-dried powder. The results of the TFC examination showed average (1.42 ± 0.16) CE mg/g values. The maximum TFC value (1.74) CE mg/g with 9% freeze-dried MPP was examined in T6 sample, whereas in T0 (Control) with 0% freeze-dried powder, the minimum TFC level was examined (1.23) CE mg/g. According to tests for antioxidant activity, an average of (69.81 ± 9.44)% was found. Furthermore, the highest DPPH inhibition or antioxidant activity with 9% freeze-dried MPP was detected in T6 (82.99). In comparison, the lowest DPPH inhibition or antioxidant activity sample with 0% freeze-dried powder was detected in T0 (Control) (58.44)%, as presented in Figure 2.


TABLE 6 Effect of adding SPP and MPP on the bioactive profile of Yogurt.

[image: Table 6]
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FIGURE 2
 SPP and MPP effect on biological properties of functional yogurt.




3.4. Syneresis in functional yogurt

Using a technique described in the materials and methods, prepared functional yogurt samples made up of (T0, T1, T2, T3, T4, T5, T6, and T7) were examined for their syneresis at various time intervals (day 0, day 7th, day 14th, and day 21st). Descriptive analysis was carried out, although the highest concentration was seen and measured in T0 (1.92 ± 0.00)/100 g during the 21st day of storage. The lowest Syneresis concentration was seen and calculated in T6 (1.42 ± 0.00)/100 g at the first day of storage. Each treatment received three replications, as indicated in Table 7.


TABLE 7 Descriptive analysis for syneresis in different treatments.

[image: Table 7]



3.5. Sensory evaluation

Table 8 shows the results of the created functional yogurt with MPP and SPP at various levels. In terms of descriptive analysis, the highest scores for Flavor (7.41), Consistency (7.10), Appearance (8.4), Taste (8.61), and Texture (7.81), with no *SPP and *MPP concentrations were discovered in T0 (Control) sample. In contrast, the lowest scores for Flavor (3.99), Appearance (4.56), Texture (5.00), and Taste (3.33), with 9% MPP were explored in T6 sample. Overall acceptability ratings were found to be much higher than those of other treatments examined. In this investigation, sensory qualities appeared to diminish as frozen powder concentrations increased. However, by incorporating SPP into yogurt, sensorial ratings did not drop substantially compared to treatments containing MPP. To facilitate comparison, estimated marginal means were calculated and textured for sensory evaluation of samples (Figure 3).


TABLE 8 Effect of adding SPP and MPP on the sensory profile of Yogurt.

[image: Table 8]
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FIGURE 3
 Sensory evaluation estimated marginal means for functional yogurt samples.





4. Discussion

Food sector creates a lot of waste, such as soybean and mung bean peel (Freitas et al., 2021). Freeze-drying method is used to eliminate moisture from soybean and mung bean peels. This study have been conducted to use peels of two different beans to prepare functional yogurt. Employing freeze-drying, the moisture level of MPP was found to be between 8.3 and 7.9 g per 100 g. When freeze-drying was used, the moisture content was 7.88/100 g. Compared to SPP, MPP samples had the highest fiber 35.19 and ash 3.53/100 g. These findings were noticed as 34.05–39.13/100 g for protein and 3.30–3.41/100 g for ash in MPP samples. TFC (26.15)mg GAE/g and TPC (221.71)mg GAE/g were the greatest in freeze-dried MPP samples, with similar results obtained in methanolic extracts. Thermal treatments are adverse to polyphenols in the food chain, as anticipated by Fischer et al. (2011) and Li et al. (2022).

A study Wojdyło et al. (2007) reported that polyphenolic contents tend to fall dramatically. According to Morais et al. (2018), this could be because most phenolic substances are bound to cell materials. Following drying activities will probably release the related biologically active ingredients from the food, making it more bio-accessible during the extraction technique. Freeze-drying is one of the most efficient and effective dehydration techniques, with enhance shelf life (Fischer et al., 2011; Ahmad et al., 2021), while Jovanović et al. (2020) say that freeze-drying is the greatest approach for preserving phytonutrients and fruit and vegetable powders' bioactivity (Babar et al., 2021). The results of this study suggest that freeze-drying might be employed to enhance the recovery of bioactive substances such as TFC and TPC from mung bean and soybean (Khonchaisri et al., 2022).

The pH level raised regarding the inclusion of SPP, but the pH level decreased dramatically at increasing concentrations of MPP. Similar behavior was reported during the creation of peanut milk fermented curd (O'Rell and Chandan, 2013). Thus, in the context of soybean, the pH likely to rise, resulting in a decrease in the acidity of yogurt, perhaps connected to the diluting effect. Ash contents, Total soluble solid, and solid not fat were dramatically enhanced after adding SPP and MPP in ascending order. Similar rise found in TSS and SNF quantities when fiber-enriched yogurt had developed (Nagaoka, 2019). The addition of SPP and MPP concentration order was found to significantly affect protein and fat levels; The Food and Drug Administration's (FDA) criteria for drinkable yogurt stipulate that it must include, 0.5% non-fat, >8.25% milk (SNF), 2% low fat, and >3.25% yogurt before any further ingredients are added. Yogurt that has been fiber-enriched and contains SPP and MPP falls under the category of low-fat yogurt.

The 21st day of storing, the highest syneresis level was detected and measured in T0 (1.79 ± 0.01)/100 g, T6 seemed to have the lowest syneresis value on day one of storage (1.40 ± 0.01)/100 g. The combination of SPP and MPP decreased syneresis concentrations. Meanwhile, treatments with MPP (1.42 ± 0.01)/100 g showed that treatments containing SPP (1.71 ± 0.01)/100 g had reduced syneresis on 21st day of storage.

T6 with 9% MPP had the maximum TFC (1.74) CE/g and TPC (4.65) GAE/g levels. TPC and TFC levels were considerably higher in the present study when SPP and MPP concentrations in yogurt increased. Meanwhile, the addition of SPP and MPP resulted in a significant increase in bioactive substances compared to adding only SPP. A comparable increased in TFC and TPC chemicals has been reported during the creation of probiotic yogurt enriched with SPP (Yadav et al., 2010). TPC and TFC were shown to be significantly increased by supplementing mung bean peel extracts during the formation of stirred yogurt, with values ranging from 1.11–2.18 mg CE/g to 3.39–5.97 mg GAE/g respectively (Fischer et al., 2011). It was established that the amounts of TPC and TFC in various generated treatments were strongly associated with the levels of MPP and SPP. Additionally, by using freeze-dried MPP, the concentrations of TPC in functional yogurt developed were much greater than freeze-dried SPP. These results were found in engagement with the studies led by Issar et al. (2017) and Wang et al. (2020).

Antioxidant scavenging activity is based on how many phenolic and flavonoid compounds are present in a specific diet. As the previous pattern continued, considerable antioxidant activity was seen as SPP and MPP concentrations increased gradually. SPP and MPP concentrations were shown to be closely linked to the antioxidant activity of various generated treatments. By including freeze-dried MPP, antioxidant activity in generated functional yogurt increased much more than freeze-dried SPP (Issar et al., 2017; Wang et al., 2020). Earlier, findings (Yadav et al., 2010; O'Rell and Chandan, 2013; Wang et al., 2020) highlighted that the addition of SPP and MPP amplifies the antioxidant action of yogurt.



5. Conclusion

In this study, we made functional yogurt with SPP and MPP and tested it for bioactive profiles such TFC, TPC, and DPPH inhibition, commonly recognized as antioxidant activity. Soybean and mung bean peel were freeze-dried first, then added to yogurt. Except for protein and fat content, which were much greater in SPP samples, Chemical composition and bioactive study clearly show that MPP outperforms SPP. Moreover, when MPP or SPP were combined to functional yogurt, the rheological properties were observed to be moderately improved in contrast to the control sample. Furthermore, bioactive characterization of functional yogurt was performed, demonstrating considerably better effects in MPP-containing therapies. The sensory qualities of beneficial yogurt samples were also evaluated, which explain that by introducing greater levels of SPP or either MPP in both circumstances, the sensory profile looks to be weakening; this decrease was shown to be more significant in MPP (T4, T5, and T6) added treatments compared to SPP (T1, T2, and T3) introduced ones. In this study, the SPP and MPP enhanced yogurt was revealed to be the maximum suited in relation to taste, appearance, body/consistency, and overall acceptability, showing that soybean and mung bean peel may be used in the food sector as a basis of bioactive components in yogurt after freeze-drying.
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