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With the increased interest in plant-based foods, a growing demand for high protein plant-based alternatives has spiked the food industry. Consumer acceptance of a food product is influenced by the natural flavor or through the addition of familiar flavors, which influence the purchase of the food product. There is a wide variety of soy-based products available on the market, with soymilk being one of the most popular among vegetarian diets. Soybean products have been known for their beany or malty flavor, having advantage in certain types of food products like tofu yet experiencing market resistance among certain population groups that are unfamiliar with the beany flavor of soybean. Improving the flavor profile might significantly change consumer perceptions toward soy-based food products. In the current study, chocolate and vanilla flavors were added to newly developed varieties of soybean milk (high oleic and tofu line) to investigate the impact of flavoring components on the physicochemical characteristics of novel soybean varieties. Soymilk with flavoring components were spray-dried, and the resultant powders were subjected to physical, reconstitution, rheological, particle, and thermal property analysis. Experimental analysis and statistical data showed that powder properties were improved with the addition of flavoring components. Obtained product yield (57%–66%), flowability (good to passable), wettability (2.52–1.34 min), dispersibility (83%–95%), solubility (75%–86%), viscosity (3.22–10.35 mPa s), thermal stability (≥15°C), particle size distribution (improved homogeneity), and morphology (smooth and spherical). The obtained results would be of interest to food processors and food product developers looking for plant-based alternatives.
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HIGHLIGHTS

1. Spray drying of the soymilk with the chocolate and vanilla as flavors
2. Analyzing the physicochemical properties of flavored soymilk powder
3. The rheological, thermal, and particle properties of soymilk powder were explored
4. The market potential and applications of a flavored soymilk powder
1 INTRODUCTION
Soybean (Glycine max) is a leguminous plant cultivated worldwide due to its high nutritious value. Soybean is highly rich in protein (36%–46%), lipid (18%–25%), and carbohydrate (25%–30%), and some micronutrients, which is considered a nutrition-rich food source for vegetarian population (Rizzo and Baroni, 2018) (Isanga and Zhang, 2008). Due to its nutritional profile, soybean is also referred to as the “king of beans,”. Soybean is extensively grown all over the world; based on data, the United States (48.19%), Brazil (43.96%), and Argentina (7.61%) are the topmost producer of soybean, followed by China and India (Voora et al., 2020). The soybean production trend has continuously inclined from 2012 to 2020, and it was reported that the overall soybean market reached USD 143.23 billion in the year 2017 (Voora et al., 2020). More than a thousand soybean varieties have developed in the last few years all over the world. However, traditionally grown soybean comprises a high amount of linoleic acid (54%), saturated fatty acid (9%–22%) but less in oleic acid (11%), which is responsible for increasing the low-density lipoprotein (LDL) cholesterol in our body (Rizzo and Baroni, 2018) (Taha, 2020). A new variety of soybeans has been developed with high oleic and low linoleic acid content (HOLL) to reduce cholesterol accumulation and add more sustainability to the soy processing industry. The newly developed high oleic (HO) Soybean variety contains 75%–80% oleic acid and reduced linoleic acid, which reduces the risk of cardiovascular disease by increasing the high-density lipoprotein (HDL) (Piccinin et al., 2019). The annual demand for soybean oil with the trans-fat label is rising, which has resulted in a 9-billion-pound increase in demand for high oleic soybean. Due to high market demand, production of high oleic soybean and commodity soybean is increasing, creating a new opportunity to commercialize high oleic soybean. Additionally, in the current environment, restaurants, soybean processing businesses, and consumers are shifting to high oleic soybeans to obtain a nutrient-dense diet (High Oleic Soybeans, 2022). Furthermore, the tofu line (TF) soybean is also a recently introduced variety of soybean that is highly rich in protein and considered a good source of raw material for developing fermented soy-based products (USDA ARS, 1997). The reason for employing these novel soybean varieties is that they have an improved nutritional profile and the potential to develop nutritious soy-based food products on a commercial scale.
One of the most enticing reasons for vegetarians’ interest in soy and soy cuisine is the high protein content of soybeans (Sharma et al., 2014). With the rise in vegetarianism, a variety of soy-based food products have become more readily available in the market. Several soy-based products are available in the market, including soymilk, soy-yogurt, tofu, tamari, tempeh, soy flour, soy protein, etc. Many of these soy-based products are perishable commodities that are vulnerable to changes in environmental conditions. Most importantly, these soy-based products have a beany, malty, or painty flavor because of enzymatic reaction during processing, that influences consumer acceptance of soy-based products (Yang et al., 2015). The intensity of beany flavor could be slightly improved by soaking, microwave cooking, pressure cooking, and thermal processing methods (Yu et al., 2017). However, soy-based food products contain some beany flavor which still influences the consumer acceptability due to their taste preference. Soymilk is one of the highly consumed soy-based food and one of the best alternatives for a vegan/vegetarian/lactose intolerance diet. So, the flavor profile of soymilk/soy-based food products could be further improved by adding flavoring components, which will also influence the customer acceptability for soy-based food products. Converting soymilk into powdered form helps to extend its shelf life, reduce transportation costs, make it easier to handle, and it can be used for developing reconstituted beverages (Assadpour and Jafari, 2019).
Spray drying is one of the most efficient and successful forms of drying technology. It converts the liquid feed solution into a dried powder at a rapid evaporation rate, making it one of the most cost-effective forms of drying. Spray drying is a one-step drying process that is utilized extensively in the flavoring, cosmetic, pharmaceutical, and food sectors (Sosnik and Seremeta, 2015). The spray dryer is fitted with a spray nozzle with a specified size (0.15–2 mm) of the nozzle tip, which converts the feed solution into mist and transports it to the drying chamber (Ousset et al., 2018). Mini spray dryer is integrated with a two-fluid nozzle, in which compressed gas (air or N2) disperses the feed solution into the fine droplets inside the drying chamber (Spray Dryer Manual). Hot air encounters the mist in the drying chamber and converts it to powder form (S. Singh and Dixit, 2014). Spray-dried powder is drawn into the collection chamber via the aspirator by a co-current, counter-current, or mixed airflow within the drying chamber. In the co-current flow, drying materials come into contact with the cooler air, which is mainly used for thermosensitive materials, and in counter-current flow, hot air is exposed to the drying materials (Raffin et al., 2006).
During the drying process, spray dryers’ parameters such as inlet temperature, feed flow rate, and aspirator can be optimized, which helps to improve product yield and other physicochemical properties of dried powder (P. Singh et al., 2022). Furthermore, other parameters such as outlet temperature, pressure drop, relative humidity (%), and airflow rate change impact powder quality, which can be adjusted by changing the filter, connecting the dehumidifier, and optimization the spray drying parameters.
In the current study, HO soymilk (HOSM) combined with flavoring elements (1%vanilla and 1% chocolate) was spray-dried to investigate the impact of flavoring components on the physicochemical properties of soymilk powder. The flavoring components mask the beany and malty flavor of soymilk powder but does impact the powder quality of final product. Many factors might contribute to changes in physicochemical qualities, including composition of flavoring component, processing conditions, and masking products. Derived from a previous study on optimizing spray drying parameters for soymilk powder, the inlet temperature was set at 140°C, the aspirator at 35 m3/h, and the feed rate at 5 mL/min (P. Singh et al., 2022). Furthermore, some trial experiments were carried out with higher concentrations (2% and 4%) of flavoring components. Non-etheless, it was observed that a higher concentration of flavoring components had an adverse impact on the yield of soymilk powder. It could be caused by stickiness and hygroscopic behavior of flavoring component due to its dextrose base, which results in the accumulating powder particles in the cyclone separator area (Nishad et al., 2017). Taking this into consideration, a lower concentration of vanilla and chocolate flavor (1%) was added to enhance the flavor profile of soymilk powder. In this experiment, TF soymilk (TLSM) and HOSM were used to study the behavior of flavoring components in the soymilk powder. A total of six sets of experiments were performed in triplicates using HOSM and TLSM as a control sample mixed with vanilla and chocolate flavors. After spray drying, soymilk powder from all combinations was used for analyzing its physical, reconstitution, rheological, particle, and thermal parameters to study the impact of flavoring components on powder properties of spray-dried soymilk powder. In this study, variables were outlet temperature, run time, and thermal efficiency (%) of the drying process, as well as powder characterization parameters like product yield (%), color value (L*, a*, b*, chroma, hue angle, whitening index), flowability (Carr Index, Hausner ratio), water solubility (%), dispersibility, moisture content (%), water activity (Aw), and wettability (min) and viscosity. Furthermore, particle size distribution, thermal degradation behavior, and morphology of the HOSM and TLSM were studied in combination with the flavoring components.
2 MATERIALS AND METHODS
2.1 Soymilk sample preparation
To prepare the soymilk sample, 125 g of soybean was soaked in 1,000 mL of water in 0.1% of NaHCO3 solution overnight (14 ± 2 hr) at room temperature (25°C). Then it was thoroughly washed with drinking water to remove the residue of NaHCO3 from the surface of the soaked soybean. Soaked soybean and 1,500 mL of water was added to the SoyJoy G4soymilk maker (SoyaJoy brand procured from the Amazon, United States), and machine was run on soaked bean soymilk making mode. During the soymilk making, processing temperature reached 80°C, and the soymilk-making time was 30 ± 5 min. After soymilk preparation, it was filtered using a muslin cheese cloth and passed through the vacuum filter using Whatman filter paper (Fisher brand, Filter No. P8, United States) to prepare the diluted feed solution to make it suitable for spray drying processing. Flavoring components vanilla (1%) and chocolate (1%) were thoroughly mixed with the soymilk samples. Vanilla (pure vanilla extract in dextrose base) and chocolate (cocoa in dextrose base combined with cinnamon and nutmeg) flavoring components manufactured in Cook’s Flavorings were purchased from Amazon, United States. After sample preparation total solid content of the feed solution was measured to calculate the product yield of the spray drying process. The average % total solid in soymilk (TL and HO) was 4.56% ± 0.09% which increases to 5.56% with the addition of flavoring components (1%).
2.2 Spray drying parameters
HOSM and TLSM mixed with vanilla and chocolate flavors were spray-dried using a B-290 mini spray dryer 65 × 110 × 70 cm (W × H × D) (Mini Spray Dryer B-290 procured from the BUCHI Corporation) (B-290 operation Manual, 2020). A 0.7 cm peristaltic pump was attached to the spray dryer in order to maintain peristaltic flow inside the drying chamber, which contains two titanium fluid nozzles with a 0.15 mm tip size. The inlet temperature was kept at 140°C, the aspirator at 35 m3/h, and the feed flow rate at 5 mL/min throughout the drying process. The drying and collecting chambers were made of 3.3 borosilicate glass to withstand thermal shock. Spray dryer glass chambers are coated with perfluoroalkoxy polymer to prevent contamination and acidic reactions (Arpagaus and Schwartzbach, 2008). The soymilk mixed with flavoring components was spray-dried in triplicate to calculate the thermal efficiency (%) of drying process and product yield (%) of collected powder. Prior to starting the experiment spray dryer was run for 10 min with double distilled water to make sure that system is working properly and reached a steady state.
2.3 Thermal efficiency of spray drying process
The outlet temperature of the mini spray dryer B-290 outlet pipe was monitored with a thermocouple sensor to determine the thermal efficiency of the spray drying process. The sum of all heat and mass transmission during spray dying results directly influences the outlet temperature. Other spray dryer variables, such as inlet temperature, aspirator and feed rate, and the qualities of the spray-dried material, do affect the outlet temperature (Santos et al., 2017). Thermal efficiency (ɳ) is the ratio of heat consumed to heat supplied (Cheng et al., 2018).
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Where ɳ represent thermal efficiency (%) of drying process, T1 inlet temperature °C, T2 outlet temperature °C, and Ta is room temperature °C.
2.4 Product yield (%)
The product yield (%) of the spray dried sample was determined by using Sasikumar and Singh methods (Singh P. et al., 2022). The initial solid mass in feed solution and recovered mass of dried powder was measured to calculate the product yield (%) of spray dried powder.
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2.5 Powder characterization parameters
2.5.1 Color value
The bare human eye can detect a substantial change in color between two or more samples, but an accurate color profile may be determined by using some techniques. The color value of soy-milk powder was measured using a colorimeter (Konika Minolta® CR-410, Ramsey, New Jersey, United States). The calorimeter was calibrated with the white plate before taking the color value of soymilk with the flavoring component. The color values L* (lightness), a* (redness coefficient), and b* (yellowness coefficient) were recorded to calculate the chromatic index, whitening index, and hue angle for spray-dried soymilk powder with and without flavoring component (Ogolla et al., 2019). All the color value were measured in quadruple (n = 4)
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Color value L* ranges from 0 to 100, in which 0 color value indicates the sample is darker in color; however, 100 color value signifies the lightness of the product. Likewise, chromaticity values a* and b* vary from positive to negative here a* = red,-a* = green, b* = yellow, and -b* = blue (Milovanovic et al., 2020). Furthermore, ∆E indicates the difference in color profile between the soymilk added with the flavoring agents (1% chocolate and 1% vanilla) with respect to the control sample (plain soymilk from TLSM and HOSM).
2.5.2 Flowability
Flowability, which measures the flow properties of spray-dried milk powder, was determined using the Carr index (CI) value. Similarly, the cohesiveness of the spray-dried powder was estimated based on the Hausner ratio (HR) value. Carr index and Hausner ratio were calculated using the bulk density and tapped density of spray-dried powder. To determine the bulk density of spray-dried soymilk powder, 1 g of the powder was poured into the 10 mL graduated cylinder, and its bulk volume was recorded. Then, it was allowed to be tapped by using an electronic benchtop laboratory shaker (Tekmar VXR JANKE, and KUNKEL VX9, United States) at 1,250 rpm for 15 min to record the tapped volume of soymilk powder. Bulk density and tapped density were calculated by dividing mass by bulk volume (bulk density) and tapped volume (tapped density). Bulk density (ρb) and tapped density (ρt) values were used to calculate the CI and HR (Ogolla et al., 2019).
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Soymilk powder with a Carr index value below 25% is considered to have an acceptable flowability, whereas a value above 25% indicates poor flow behavior. Similarly, less than 1.2 HR value indicates less cohesiveness and good flowable powder; however, more than 1.2 HR value reflects highly cohesive and less flowable food powder (Nekkanti et al., 2009). To measure the porosity of spray-dried soymilk, sample particle density/true density was recorded using Ultrapycnometer 1,000 series (Quantachrome brand) which was nitrogen gas operated system (Jinapong et al., 2008). To determine the true density of spray dried soymilk powder, a large cell (135 cm3) was calibrated with the volume set to 70.699cc using the UltraPyc mode. A 1 g sample was placed inside of an empty cell and multiple purge flow mode (n = 3). At the end, the average volume and density were recorded, along with the standard deviation.
2.5.3 Dispersibility
The dispersibility of the spray-dried powder sample was measured by the Jinapong method with slight modifications (Jinapong et al., 2008). To start with the experiment, 10 mL of distilled water was taken in 50 mL of the beaker at room temperature (25°C) then 1 g of soymilk powder was added to it followed by vigorously stirring for 15–20 s (back and forth movement) using a glass rod. Then reconstituted soymilk powder was passed through the 212 μm sieve (Ogolla et al., 2019). The filtered sieved liquid solution was transferred to the aluminum disc, and it was dried in an oven at 105°C for approximately 1 h (with continuous monitoring until it was thoroughly dried). The dried weight of the soymilk sample was recorded to calculate the %total solid (%TS) content in soymilk (Zungur Bastıoğlu et al., 2016)
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Here x indicates the amount of powder taken and y is moisture content (%) of powder sample. Moisture content (%) of spray-dried soymilk powder was determined using a moisture analyzer (METTLER TOLEDO HE53). Approximately 2 g of soymilk powder was uniformly spread on the aluminum disc and then allowed to heat at 105°C for 5 ± 2 min to the moisture meter to display the moisture content present in soymilk powder (Operation instructions Moisture Analyzer HE53, 2023).
2.5.4 Water solubility
To determine the water solubility of the soymilk sample, approximately 1 g of powder sample was dissolved in 10 mL distilled water and vigorously mixed to allow the solubilized soymilk sample to dissolve in the aqueous solution. The dissolved sample was incubated in a water bath at 37°C with continuous stirring and subsequently centrifuged for 10 min at 5,000 rpm. Afterward, the supernatant was dispensed to the pre-weighted aluminum disc and allowed to dry at 105°C in the oven until a constant weight was obtained (Kha et al., 2010).
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2.5.5 Wettability
The wettability of spray-dried soymilk samples was determined using the Jinapong method with the same modifications. A glass funnel was placed on a stand to determine wettability, and a 250 mL beaker filled with 100 mL distilled water was kept below the funnel at a distance of 10 cm. Then, with the stopwatch set, 0.1 g of soymilk powder was passed through the funnel, and the wetting time was recorded based on the visual appearance until all of the powder had penetrated the water solution (Jinapong et al., 2008).
2.5.6 Refractive index, pH, and water activity
The pH of reconstituted (5%) soymilk (w/v) solution was tested using Lab® Expert Pro-ISM Metter Toledo TM pH meter. A buffer solution with a pH of 7.00 was used to calibrate the pH meter. The water activity (aw) of spray-dried soymilk powder was evaluated using an AquaLab CX-2 water activity meter at 25°C ± 1°C. The concentration of reconstituted soymilk solution was measured by %brix value using a refractometer with model number HI96800. All the values were recorded in triplicate.
2.5.7 Thermal analysis of spray-dried soymilk powder
The thermal profile of soymilk powder was investigated with a TA Instruments Q20 Differential Scanning Calorimeter (Q20 DSC) connected to a refrigerated chilling system (RCS 90). RCS 90 cools the system to −80°C and stabilizes the DSC system at flange temperature (−70°C). A sample of 9 ± 1 mg soymilk powder was sealed in an aluminum pan and heated at 10°C/min from 30°C to 200°C. To study the change in thermal characteristics of soymilk powder in the thermal scan curve, the flow rate of nitrogen gas was constant at 50 mL/min. The thermogram was studied using Q series software (Q20-0985-DSC Q20) to observe the thermal degradation behavior of soymilk powder.
2.5.8 Rheological behavior of soymilk powder
The rheological behavior of flavored soymilk powder was measured at room temperature (25°C) using an Anton-Paar MCR-302 rheometer with a cone plate measuring system. The diameter of the cone was 50 mm, forming a 1° angle with the surface of the plat. Using a micropipette, 0.75 mL of the soymilk sample was carefully applied to the plat. To measure the viscosity of the soymilk sample with and without flavor, 5% of spray-dried samples were reconstituted with distilled water. All experiments were carried out in triplicate at room temperature (25°C) at shear rates ranging from 0.1 to 100 s-1.
2.5.9 Particle size distribution and zeta potential of soymilk powder
DLS (Dynamic Light Scattering) Delsa Nano Submicron Particle Size and Zeta Potential particle Analyzer, recruited from Beckman Coulter California, United States, was used to determine the particle size distribution and Zeta Potential of soymilk powder. Powder particle was diluted at 5000-folds and particle distribution analysis parameters were viscosity (0.8878 mPa-s), refractive index (1.3328), temperature (25°C ± 1°C), scattering angle (15°), and signal intensity (3,500 ± 500 counts per second (cps). The particle size distribution properties were measured by the instrument approximately 50 replicates, and the graphs and data displayed represent the average value.
2.5.10 Scanning electron microscopy (SEM) of flavored soymilk powder
The SEM imaging of flavored soymilk powder was performed using a Scanning Electron Microscope (FEI Quanta 600F ESEM) in a high vacuum, as described by Singh et al. (2022).
2.6 Crude fat and crude protein content analysis
The crude fat (%) content in HOSM was analyzed by ether extraction (AOAC Official Method 920.39 (A). Crude protein content was measured by using Kjeldahl method (AOAC Official Method 984.13 (A-D), 2006). The analysis was performed at Agricultural Experimental Station Chemical Laboratories at the University of Missouri, Columbia College of Agricultural Food and Natural Resource.
2.7 Experimental design and statistical analysis
The experiment was planned by using a full factorial design using 2*3 model. Here independent variable has two categorical level (HOSM and TLSM), and the other independent variable has three categorical level (control, chocolate, and vanilla). To determine the effect of flavoring components on HOSM and TLSM powder properties, six sets of experiments were performed in triplicate. A total of 6 sets of experiments (triplicate) were performed by setting the inlet temperature (140°C), aspirator (35 m3/h), and feed rate (5 mL/min) are shown in Table 1. In this experimental design, concentration of vanilla and chocolate flavor were kept constant. Before starting the experiment, some pre-trials were carried out by mixing higher concentrations (2% and 4%) of flavors to find the impact of flavoring components on soymilk powder, but due to its sticky behavior lower concentration were decided for final combination (1% Chocolate and 1% Vanilla). One-way analysis of variance (ANOVA) and Tukey’s honestly significant difference test (Tukey’s HSD) was determined by using fit model the significant difference between the mean value of physical, reconstitution, particle, and thermal properties of spray-dried soymilk powder. All the statistical analysis was done using JMP 14.0.0 software (FEAST lab), and all the results were expressed in average ±standard deviation.
TABLE 1 | Effect of change in flavoring components on spray drying parameters and physicochemical properties of a spray-dried soymilk powder.
[image: Table 1]3 RESULTS AND DISCUSSION
3.1 Spray drying parameters
Spray drying technology is used to generate specific ingredients with extended shelf life. Spray drying of soymilk with flavoring agent was performed at an inlet temperature (140°C), aspirator (35 m3/h), and feed flow rate (5 mL/min). Physicochemical properties of the soymilk powder depend on spray drying parameters. However, the outlet temperature is the maximum temperature to which the powder is exposed during the drying process, influencing the powder quality. Outlet temperature depends on the amount of heat and mass exchanged during the drying process recorded from the spray drying panel. Outlet temperature increases with increase in inlet temperature, the humidity of drying gas, aspirator, and the viscosity of feed solution and decrease with an increase in feed flow rate and spray gas flow rate (Piñón-Balderrama et al., 2020). Furthermore, outlet temperature increases with the rise in the total solid content in the feed solution and inversely influences the moisture content (%) of the collected powder (Goula and Adamopoulos, 2004); (Özdikicierler et al., 2019). In the current study, an insignificant change in outlet temperature was recorded with the increase in %TSS of the HOSM and TLSM (4.56%). With the addition of flavoring agents in powder form (1% vanilla and 1% chocolate) the %TSS increased to 5.56% in the feed solution. In addition, the rate of heat and mass transfer during the drying process influence the OT which is difficult to precisely monitor throughout the drying process (Patel et al., 2015). Furthermore, the fluctuations in the outlet temperature are influenced by, % Relative Humidity (47%–52%), pressure drop (−70 to −90 mbar) and surrounding atmospheric temperature (23–25°C). However, a slightly higher outlet temperature range was observed for HOSM, which insignificantly decreases with flavor addition. On the other hand, a marginally lower outlet temperature range was recorded for TLSM, which increases with the addition of flavoring agents.
Thermal efficiency is a measuring parameter for spray drying performance and cost-effectiveness of the processing. The thermal efficiency of the process is the amount of energy required to dry the feed solution by evaporating the moisture (Cheng et al., 2018). Increase in outlet temperature and an airflow rate of the spray dryer adversely influences the thermal efficiency (%) of the drying process. The thermal efficiency of the process in the current study varied from 68.70% to 78.01%, as calculated using the reflected outlet temperature, inlet temperature (140°C), and atmospheric temperature (±24°C). The concentration of the feed solution, heat and mass transfer, pressure drop, and surrounding relative humidity influence the thermal efficiency of the process in response to changes in the outlet temperature. Thermal efficiency (%) for HOSM was 68.7 ± 0.87 which slightly improved with the addition of vanilla (72.75 ± 0.50) and chocolate (73.33 ± 1.81) as flavoring components. Higher thermal efficiency was recorded for TLSM (78.01%), which slightly decreases with the increase in viscosity of feed solution with the add-on of flavoring agents (73.04%). On the other hand, a marginally lower thermal efficiency range was observed for HOSM, which increased with the addition of flavoring agents. Statistical evidence shows that p-value <0.005 and R2 value > 0.8 indicate the significant difference in outlet temperature and thermal efficiency during the spray drying process of a different combination of soymilk. The product yield of spray-dried soymilk powder ranged from 57% to 66%; in the case of TLSM powder, product yield improved with a flavoring component (Table 1). However, slightly less powder recovered for HOSM mixed with flavor.
3.2 Color value
The color value is one of the quantitative representations used to determine consumers’ acceptability of food products. The visual appearance of food products strongly influences marketing because any visual defects impact consumer acceptability (Pathare et al., 2013). The color value of food products is influenced by changes in temperature, feed rate, moisture content, and other processing conditions. The color loss indicates microbial contamination and deterioration of the quality of food products (Chang et al., 2018). A slight color change is not visible by unaided eyes, so to avoid this problem, color value L*, a* and b* was recorded using a colorimeter. However, the inlet temperature, feed rate, and airflow rate were kept constant throughout the drying process, but the addition of a flavoring agent substantial impact the color profile of soymilk powder. Complement in soymilk with vanilla flavor does not demonstrate any significant change in color value L*, a*, b*, and Hue angle, but it does improve the whitening index (WI) slightly (Figure 1). Non-etheless, TLSM showed a marginally higher range of Lightness (L*), yellowness (b*), and redness (a*) but a marginally lower WI and Hue angle. However, the addition of chocolate flavor dramatically changed the color value (L*, a*, b*, Chroma, WI, and Hue angle) profile of soymilk powder. Color value L* of soymilk powder decreases (90–77), color value a* increases (−0.55–3.27) (Table:1), and color value b decrease with the addition of chocolate flavor (V. K. Singh et al., 2014). Soymilk powder showed the upper range of Lightness value which was close to the lightness value of camel milk and cheese powder (Koca et al., 2015) (Kalal et al., 2018) and slightly higher than other commercial milk products (Milovanovic et al., 2020).
[image: Figure 1]FIGURE 1 | Spray dried soymilk powder with and without flavoring components (A) HOSM (B) HOSM + C (C) HOSM + V (D) TLSM (E) TLSM + C and (F) TLSM + V.
Furthermore, the chroma value decreased from 19.2 to 15.6 for HOSM and from 19.9 to 13.4 for TLSM powder, while the whitening index value decreased marginally. Nevertheless, a significant change in hue angle is observed, which changes from 142.8 to 222.2 for HOSM and from 142.7 to 222.1 for TLSM (Table:1) (Pathare et al., 2013). Although based on experimental data and statistical evidence data, it was observed that HOSM and TLSM do not show any significant changes in color profile. R2 value was >0.9 and p-value <0.0001, which indicates the statistical significance of the data and substantial shift in color profile with the addition of flavoring agents (vanilla and chocolate) (Table 1). Moreover, the HOSM added with the vanilla flavor had an ∆E value of 0.58 ± 0.01 that indicated there was no noticeable difference in the color profile, while the HOSM added with the chocolate flavor had an ∆E value of 13.68 ± 0.01 indicating the significant increase in color tending towards brownish like chocolate milk. Similarly, when the TLSM was mixed with vanilla flavor, the ∆E value was 2.49 ± 0.01, and the color difference increased with the addition of chocolate flavor (12.87 ± 0.00) (Figure 1) (Table 1).
3.3 Flowability
Flowability is one of the essential attributes which determine the flow behavior of spray-dried powder. Flowability and cohesiveness of soymilk powder were measured using Carr index (CI) and Hausner ratio (HR) values. The flowability of spray-dried powder is influenced by changes in particle size, particle size distribution, moisture content, hygroscopic nature, interstitial air, and processing temperature (Seth et al., 2017) (Wang et al., 2015). Lower the CI and HR values are an indication of the powder flowability with desirable cohesiveness and vice versa. Calculated CI values for HOSM and TLSM (14.98 & 12.82, respectively) demonstrate the good flowing properties. The addition of vanilla and chocolate flavors to soymilk tends to raise the CI value, which reduces the flowability of soymilk powder. Changing the flowability from good to passable might be due to a change in particle morphology and the surface composition with the addition of a flavoring component. Similarly, the Hauser ratio value rises with the addition of a flavoring ingredient to the soymilk, indicating a decrease in flowability and an increase in the cohesiveness of spray-dried soymilk powder. However, the flowability of soymilk powder undesirably decreased with the addition of flavoring agents. Non-etheless, it falls under the fair to a passable flowing category according to the flowability chart, which seems to be similarly flowable to goat milk powder (Reddy et al., 2014) and has improved flowing properties than instant soymilk powder (Jinapong et al., 2008), milk protein concentrate (McSweeney et al., 2020), spray-dried sauce powder (Wang et al., 2015).
The porosity of HOSM powder slightly decreases with the addition of flavoring component, which changes from 82.81 to 78.61 (vanilla) and 79.10 (chocolate). However, porosity does not significantly change in with flavoring component for TLSM powder 79 to 79.21 (vanilla) and 80.17 (chocolate), which is similar to the behavior observed for the spray dried sugar cane juice powder with maltodextrin as drying aid (Nishad et al., 2017). Greater porosity indicates the higher efficiency of entrapping the air inside the particle, which accounts for the more porous and less dense behavior of spray-dried soy powder (Syll et al., 2013).
3.4 Reconstitution properties: Dispersibility, solubility, and wettability
Dispersibility of soymilk powder is one of the another determining factors in defining consumer acceptability. The dispersibility of spray-dried soymilk powder is influenced by drying factors such as inlet temperature, aspirator, pressure drop and change in relative humidity during spray drying process as well as moisture content, and the hygroscopic nature of spray-dried soymilk powder (Zungur Bastıoğlu et al., 2016) (Ogolla et al., 2019). After adding vanilla and chocolate flavors, the dispersibility of HOSM powder increased from 83.76% to 88.42% (vanilla) and 91.25% (chocolate), respectively. However, TLSM demonstrated a greater range of dispersibility (91.25%), which was further enhanced by the addition of a flavoring agent (95.55%–94.49%). The obtained dispersibility of HOSM and TLSM powder was higher than soy powder (Syll et al., 2013), and quite similar to spray-dried soymilk powder (≥90%), higher than whole milk powder (≥85%) (A. Sharma et al., 2012), and goat milk powder (87.20%) (Reddy et al., 2014). The measured moisture content of HOSM was 3.67% which slightly declined with the addition of vanilla flavor and was nearly identical with chocolate flavor. However, the moisture content of TLSM powder was marginally higher than the HOSM, 4.48%, but it also reduced after adding the flavoring component (vanilla and chocolate). The higher moisture content of soymilk powder could be attributed to its hygroscopic nature of soymilk powder. The obtained P and R2 values for dispersibility were <0.0001 and 0.89, respectively. Similarly, the p-value was <0.0001and the R2 value was 1, indicating the significant difference on moisture content of soymilk with and without flavoring components. That the linear regression model was statistically significant (Table 1).
The solubility of soymilk powder defines its ability to dissolve in the aqueous solution. The solubility of a food powder is directly related to its particle size, moisture content, stickiness, amount of fat, and protein content (Zungur Bastıoğlu et al., 2016). Both HOSM and TLSM powder had similar ranges of solubility (75.2% & 76.26%), which shows the similarity with the solubility of high protein content spray-dried cheese powder (∼36%) (Koca et al., 2015), yogurt powder (36.09%) (Koç et al., 2014) (Santos et al., 2018) and soy protein isolates (Boatright and Hettiarachchy, 1995). This slightly lower solubility of soymilk powder is due to the high protein (∼37–38%) content in soybean (Osthoff et al., 2010) (Tayade and Pardeshi, 2014). The measured crude protein content of the high oleic soybean and spray dried HOSM powder was 38.76% ± 0.3% and 43.54% ± 0.1% respectively (AOAC official method).
The solubility of spray dried soymilk powder is affected by powder composition as well as the alteration in protein structure which could be due to polymerization or denaturation caused by thermal processes, Maillard, or oxidation reactions (Koca et al., 2015) (Sirison et al., 2017) (Niyibituronsa et al., 2018). Based on the above results solubility of soymilk powder was higher than the soy protein isolates (SPI), which was approximately 30%–40% (Sirison et al., 2017). The vanilla flavor does not show any significant impact on solubility. However, chocolate flavor helps to improve the solubility of both HOSM and TLSM powder (88.42% & 85.66%) which was comparable to the solubility of spray-dried sweetened yogurt (Seth et al., 2017), mulberry powder (Fazaeli et al., 2012).
Wettability is another reconstitution property of spray-dried soymilk powder that indicates the dissolution rate. Wettability is affected by various factors, including particle size, density, porosity, and protein content (Koç et al., 2014). In the current study, obtained wetting time of soymilk powder was 2.26 (HOSM) and 2.52 min (TLSM), which shows the similar wettability to goat milk and cow milk powder (Reddy et al., 2014). The wettability of soymilk powder improved with the addition of flavoring component wetting time reduced from >2 min to <1.67 min.
3.5 Water activity (aw), pH, and refractive index
Lowering the water activity and moisture content leads to the higher shelf life of spray-dried soymilk powder. As the water activity increases, a higher amount of free water is available, which is vulnerable to microbial contamination (Fazaeli et al., 2012). The water activity of HOSM and TLSM powders was 0.36 and 0.37, respectively, and decreased with flavoring components (vanilla and chocolate), indicating that the shelf life of soymilk powder improves with the addition of flavoring components. The water activity of soymilk powder with flavoring component was close to spray-dried melon seed powder (Zungur Bastıoğlu et al., 2016), and spray-dried yogurt powder (Seth et al., 2017), skim milk, and whole milk powder (Schuck et al., 2005). Regression analysis data showed a 0.98 R2 value and <0.0001 p-value, indicating the statistically significant of the model. The pH value of freshly prepared soymilk powder was 6.78 ± 0.04, and the pH values of 5% reconstituted HOSM and TLSM powder were 6.83 and 6.87, respectively, which insignificantly changed with the addition flavoring component. Obtained p-value and R2 values were 0.014 and 0.66, respectively, which was reasonable to support the statistical significance. Degree Brix indicates the amount of sugar content present in an aqueous solution. Reconstituted HOSM and TLSM powder (5%) shows 3.27 ± 0.03 %Brix. Adding the flavoring component enhances amplifies its sugar level, increasing the %Brix from 4.10 to 4.6 for vanilla and 3.4 to 4.6 for chocolate flavor (Table 1). The refractive index value indicates how strongly light travels through the aqueous solution, and it directly varies with the amount of dissolved sugar content. It demonstrates the likeness with %Bris, which is statistically significant with <0.0001 p-value and 0.97 R2 value.
3.6 Rheological properties of soymilk
Newtonian fluid properties were observed in reconstituted soymilk samples with and without a flavoring agent. The 5% reconstituted HOSM (6.43 ± 0.44  mPa s) viscosity was higher than that of TLSM 3.22 ± 0.34 mPa s. The viscosity of soymilk was increased with the addition of flavoring components. In the case of HOSM, viscosity increases to 10.35 ± 0.65 mPa s with the vanilla flavor and 8.56 ± 0.31 mPa s with the chocolate flavor. Similar viscosity of TLSM was increased by 4.07 ± 0.2 mPa s with vanilla and 4.14 ± 0.15 mPa s with chocolate flavor (Table 1). Obtained viscosity of whole milk was 2.81 ± 0.36 mPa s, while cow milk had a viscosity of 2.04 mPa s, and camel milk had a viscosity of 1.72 mPa s (Ogolla et al., 2019), which seems close to the viscosity of soymilk 6.62 mPa s (Sethi et al., 2016). The high viscous nature of reconstituted HOSM could be due to the smaller particle size and high-fat content spray-dried soymilk powder (23.44% ± 0.58%) measured by (AOAC Official method). A similar value of fatty acid content (22%–24%) was found in spray dried soymilk powder of other varieties of soybean (Liang and Hartel, 2004) (Osthoff et al., 2010) (Fujii, 2017). Based on the study performed by Liang it was observed that free fat present in the milk sample interacted with the chocolate powder which led to the decrease in viscosity of the sample. (Liang and Hartel, 2004). In the current study, we observed a slight increase in viscosity with the addition of chocolate powder which might be due to the composition of the chocolate powder used. However, the chocolate flavor used in the current study contained some amount of sugar mixed with a trace of another flavoring agent, indicating an upsurge in the viscous nature of soymilk. Similarly, HOSM (5%) reconstituted with water showed higher viscosity than TLSM with similar concentrations. The addition of chocolate and vanilla flavors increases the viscosity of reconstituted soymilk, which could be due to its dextrose content. However, the addition of vanilla flavor showed a slightly more viscous nature than the chocolate flavor. Obtained p-value and R2 value for the viscosity of soymilk samples with and without flavoring component was <0.0001 & 0.99, respectively.
3.7 Particle size distribution and zeta potential of HOSM and TLSM soymilk powder
The maximum distribution of the particle recorded at average particle size range 2.528 ± 4.11 μm for HOSM. However, with the addition of flavoring components such as chocolate (1.387 ± 0.6 μm), and vanilla (0.687 ± 0.36 μm) high particle distribution was observed at a slightly smaller average particle size range. Particle size distribution was measured at refractive index value 1.3328 (nD), viscosity 0.8878 (cp) of 5000-fold diluted soymilk powder. Particle size distribution were calculated using D10, D50 and D90, indicating a 10% and 90% smaller particle diameter range (McSweeney et al., 2020). The polydispersibility Index (PDI) measures the homogeneity of the particle (Kanojia et al., 2016) was 1.053 and 3.55, for the HOSM and TLSM respectively, indicating the comparatively broader range of particle size distribution for TLSM (Table 2). However, the addition of flavoring components slightly improves the size uniformity of the powder particles, but the PDI value still indicates the broader range of particle size. The maximum distribution of particles for TLSM was recorded at an average particle size of 4.148 ± 6.70 μm which decreases with the addition of flavoring components like chocolate (2.9 ± 5.1 μm) and vanilla (2.56 ± 2.94 μm). Other particle properties such as average hydrodynamic diameter, span, and PDI decrease with the addition of flavoring components in TLSM (Table 2). The addition of chocolate slightly increases the particle homogeneity but still indicates the broader range of PDI value (2.917), but it drastically improves with the addition of vanilla flavor (0.501). Zeta potential, which reflects the sonic strength of powder particles in an aqueous solution, was measured at −26.85 mV for HOSM and −35.39 mV for TLSM, which indicates the moderately stabilized range of soy powder in an aqueous solution (Rao et al., 2011). The value of zeta potential increases with the addition of chocolate flavor, which represents the high stability of the particle in an aqueous solution. However, the addition of vanilla flavor does not show any significant effect on HOSM (−13.53 mV), but its stability decreases with the interaction with TLSM (−46.36 mV). The particle size of HOSM and TLSM showed similarity with the soymilk prepared from the commercially available variety of the soybean (Sivanandan et al., 2010).
TABLE 2 | Particle size distribution and Zeta potential of TLSM and HOSM powder with flavoring components.
[image: Table 2]3.8 differential scanning calorimetry (DSC)
Thermal degradation behavior and glass transition temperature of the functional component of HOSM and TLSM were determined using DSC. The endothermic peak for HOSM has obtained at 82.60°C ± 7.07°C and for TLSM at 78.73°C ± 6.78°C temperature. This slightly higher degradation peak for HOSM showed its thermal stability, the reason might be its higher content of oleic acid and temperature tolerance (P. Singh et al., 2022). However, the thermal stability of the soymilk powder was improved with the addition of flavoring components. After the addition of flavoring components such as chocolate and vanilla degradation peak was shifted to ≥15 °C. This degradation peak was obtained to be similar to the first peak of why protein maltodextrin (Agustinisari et al., 2020), camel milk (Ogolla et al., 2019) and moderately higher than soy protein isolated, soymilk (Renkema et al., 2000) (Z.-S. Liu et al., 2004). Spray-dried soymilk powder was performed at a temperature range of 30–180°C, and the experiment duration was 18 ± 2 min. Glass transition temperature (Tg) for HOSM and TLSM were 54.18 ± 7.33°C and 56.86°C ± 6.01°C respectively, with no significant difference. Glass transition temperature of soymilk powder increases with the addition of flavoring components. Furthermore, specific heat capacity (Cp) which denotes the heat required to raise the temperature 1°C, was approximately 2.01 ± 0.09 (J/g °C) for HOSM and 2.10 ± 0.55 (J/g °C) for TLSM. From the thermal analysis data, it was observed that there was less heat required to degrade the soymilk in combination with flavoring components. Similarly, the heat flow during thermal degradation was 0.78 ± 0.22 for HOSM and 0.31 ± .12 TLSM (Figures 2A, B).
[image: Figure 2]FIGURE 2 | Thermal degradation curve for soymilk (A) HOSM (B) TLSM powder with the flavoring components.
3.9 Scanning electron microscopy imaging of soymilk powder
The microstructure of spray-dried soymilk powder was demonstrated using scanning electron microscopy. The SEM imaging of spray-dried soymilk powder in interaction with flavoring components was performed at magnifications of ×1,000, ×5,000, and ×150,00. Image analysis was performed by using ImageJ which is an open-source software developed by the National Institutes of Health (NIH) (Kumari and Rana, 2015). The ImageJ was used to evaluate the area, minimum, maximum, and average length of the powder particles by analyzing the 100–120 random-size particles (Party et al., 2021). The particle size of HOSM powder was 2.65 ± 1.87 μm, which does not significantly change with the addition of flavoring components vanilla (2.66 ± 2.15 μm) and chocolate (2.46 ± 1.24 μm). A similar behavior was observed for the TLSM but the size of the TLSM powder particle was marginally smaller, 2.30 ± 1.57 μm, as compared to HOSM. The SEM imaging with lower magnification (×1,000) represents the slight fusion and agglomeration behavior of spray-dried soymilk powder. TLSM and HOSM powder marginally sticked with each other; non-etheless, after adding the flavoring components, particles were dispersed but still smaller particle was clustered with each other (Figures 3 A, D, G) and (Figures 4 A, D, G). At ×5,000 magnification, the power particle appears as a slightly wrinkled sphere with concavity on the surface (Figure three a, d and g). At ×5,000 magnification, soymilk powder particles appear almost spherical with slight concavity on the surface (Figures 3 B, E, H). The addition of vanilla flavor marginally improved the morphology of the powder particle (Figures 3 and 4 E, H). Furthermore, powder particles appear substantially spherical in combination with chocolate flavor.
[image: Figure 3]FIGURE 3 | SEM images of spray dried HOSM powder at magnification (A) ×1,000 (B) ×5,000 (C) ×15,000 and flavoring components such as vanilla (D–F) and chocolate (G–I) at the same magnification.
[image: Figure 4]FIGURE 4 | SEM images of spray dried TLSM powder at magnification (A) ×1,000 (B) ×5,000 (C) ×15,000 and flavoring components such as vanilla (D–F) and chocolate (G–I) at the same magnification.
The spherical nature of powder particles is affected by changes in oil content, as oil content decreases, particle sphericity increases (Erbay and Koca, 2015). There was no significant difference was recorded in either variety of soymilk powder, however HOSM appears slightly less sticky and wrinkled. In the case of TLSM powder, smaller particles are grooved into larger powder particles. The stickiness of the powder particles improved with the addition of chocolate flavor; however, the vanilla flavor does not show any significant change in the particle morphology. Spray drying process takes place in the different stages; In the initial stage of drying surface of the droplet saturated with the solvent and drying takes place by diffusion of solvent from the outer surface of droplet. In the following stage, the surface water level falls, and there is no longer enough moisture to keep the droplet surface saturated (Ravichandran and Krishnaswamy, 2021) causing the formation of dried shell on the surface.
The rate of evaporation decreases while the thickness of the shell increases. Particle size and morphology are directly influenced by the rate of evaporation and drying kinetics. So, the slight concavity of the surface is due to the high rate of evaporation and heat and mass transfer in the drying chamber during the spray drying process (Stevanović, 2017) (W. Liu et al., 2010) (Zbicinski et al., 2022). The shrinkage on the surface of the spherical particle might be due to the relatively low concentration of total solid in the feed solution. A slight increase in the concentration of feed solution improves the particle sphericity by forming a thicker shell on the surface of the particle (Lourenço et al., 2020) (Ousset et al., 2018). At 150,00x morphology of spray-dried soymilk powder particles appears primarily smooth with some coalescence. (Figures 3 and 4 C, F). Scanning electron microscopic images of soymilk powder attribute the similar quality to spray-dried powder particles such as cheese powder (Koca et al., 2015), spray-dried solid dispersion (Ousset et al., 2018), soymilk powder (Osthoff et al., 2010).
3.10 Statistical analysis of the data
Statistical analysis data for analyzing the effect of flavoring components on both HOSM and TLSM. The fit model data for effect test and summary of fit are represented in Tables 3, 4. Based on the analysis of the variance (ANOVA), and Tukey’s HSD data statistically significant p-value (<0.005), R square (>0.90), and F ratio (>1). The sum of the square values (model, error, and corrected total), root mean square error (RMSE) and mean of response (MOR).
TABLE 3 | Analysis of variance (ANOVA) table for full factorial design showing factors and their effect on response.
[image: Table 3]TABLE 4 | Regression equation coefficients for spray drying response parameters of soymilk powder with flavoring components.
[image: Table 4]Were analyzed to find the statistical significance of the experimental model. Most of the variable’s data show the statistically significant with >0.005 p-values, <0.90 R square values, >1 F value, and less root means square error and desirable mean values (Table 3 and Table 4). However, the run time of the spray dryer, the porosity of the powder, and the H value of the reconstituted soymilk represent no significant change observed with the addition of flavoring components.
4 CONCLUSION
The experimental investigation of the effect of flavoring components on spray-dried soymilk powder was analyzed. Soymilk powder exhibits beany flavor, influencing the consumer acceptability of plant-based milk powder. Adding flavoring components to the soymilk could help improve the flavor profile of soymilk powder. In the current study, vanilla and chocolate flavor were added to the soymilk solution and passed through the spray dryer. The drying process was performed to study the effect of physicochemical properties of soymilk powder in combination with flavoring components. Spray drying parameters like outlet temperature ranged from 50 to 61°C and thermal efficiency 68%–78% throughout the drying process. According to the experimental data, the thermal efficiency and outlet temperature of the drying process slightly differed between the two soybean varieties (TL and HO). However, the addition of flavoring components mildly improves the thermal efficiency of the process by decreasing the outlet temperature. Furthermore, there was no significant amount of change recorded for the run time of the process with and without flavoring components. Physical properties of the soymilk powder, such as flowability, decrease with the addition of flavoring components, and drastic changes in color profile were recorded with chocolate flavor addition. A slight decrease in moisture content (4.48%–3%) and water activity (0.37–0.27) was recorded for both HOSM and TLSM with the flavoring components. Reconstitution powder parameters of HOSM and TLSM, such as dispersibility (83.76–95.55), solubility (74.06%–85.66%), %brix (3.27–4.6), were improved with the addition of flavoring components. There was a higher range of viscosity recorded for reconstituted (5%) TLSM (6.44–10.35 m Pas) as compared to HOSM (3.22–4.14 m Pas). However, in both cases, the viscosity increased with the addition of flavoring component. Obtained particle size was in microscopic range (≤10 μm), and the polydispersibility index (PDI) was 1.053–3.55, which indicate the polydisperse nature of particles in both varieties of soymilk powder. However, the PDI values decrease with the addition of flavoring components, indicating that particle size uniformity improves with the addition of flavoring components. The highest peak of thermal degradation was recorded at 78.73°C for TLSM and 82.60°C for HOSM, which became more stable with the addition of flavoring components by shifting degradation peak ≥15°C. Furthermore, there was no significant difference in the morphological properties observed in HOSM and TLSM powder. However, particle sphericity was highly improved with the chocolate flavor, but there was no significant impact was seen on the particle structure with the addition of vanilla flavor.
4.1 Future market potential of the study
The plant-based milk market is exponentially growing due to its tremendous health benefits, ethical concern, and sustainable food system. The current value of the plant-based milk market is USD 13.24 billion, which is expected to reach USD 30.79 billion (2031) (Plant-Based Milk Market, 2021). The addition of flavoring components to soymilk powder could improve its physicochemical properties and extend its shelf life by preventing it from being impacted by changes in environmental conditions. Plant-based milk powder is an important alternative to animal-based milk for creating a sustainable food system. Developed soymilk powder could be directly used for human consumption or to create reconstituted soy-based beverages. It could be an excellent lactose-intolerance diet supplement and a viable substitute for animal-based milk powder. Sensory evaluation of soy-based products prepared from flavored soymilk will be performed in the future prospects of the study. Even though, the plant-based milk has several health benefits, the major disadvantage are the beany and malty flavors impacting the taste profile. The food industry trend shows an increase in demand for flavor-enhanced plant-based milks to match the physicochemical characteristics and taste preferences of dairy-based milk. The study for flavor enhancement of plant-based milk opens the opportunities to improving the flavor profile of plant-based milk as well as studying the effect of flavoring components on the physicochemical properties of powdered milk. Future recommendations could address the gaps in identifying new and natural ingredients as flavoring agents that does not influence the viscosity of the plant-based milk; design equipment/techniques for flavor infusion to improve the thermal stability and for enhancing flavor, overall improving the sustainability, and contributing to the plant based healthy food sector. Developed formulation might be used to make alternative plant based infant foods, smoothies, baked goods, pudding, whipped topping, coffee creamer, and other food products.
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