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Abstract 

Millets, including sorghum, foxtail, pearl millet, and finger millet, are grains with a low-to-moderate glycemic 

index, rich in fiber and micronutrients that are beneficial for blood glucose regulation. Guava also offers fiber, 

antioxidants, and potential glucose-lowering effects. This study developed a Ready-to-Serve (RTS) beverage by 

combining millet milks and guava pulp. The beverage's physicochemical, nutritional, and sensory properties were 

evaluated, along with a simulated clinical trial assessing its impact on glycemic control in adults with Type 2 

Diabetes Mellitus (T2DM). A randomized, parallel-group 12-week pilot trial (n = 60; 30 intervention, 30 control) 

compared daily consumption of 250 mL of the millet–guava RTS beverage to an control drink. The primary 

outcomes were fasting plasma glucose (FPG) and HbA1c levels. Secondary measures included antioxidant 

activity, glycemic index (GI), and sensory acceptability. The ragi–guava RTS formulation showed the highest 

antioxidant activity (68.2%), the lowest predicted glycemic index (43.5), and the best overall acceptability (8.6 ± 

0.3).Trial results indicated greater mean reductions in FPG (−12 mg/dL vs −3 mg/dL; p = 0.002) and HbA1c 

(−0.8% vs −0.1%; p = 0.001) in the intervention group. No adverse events were reported. The guava-fortified 

ragi–millet RTS beverage exhibited superior nutritional and functional characteristics, with promising simulated 

clinical benefits for glycemic control in T2DM.  
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1. Introduction 

Type 2 diabetes mellitus (T2DM) is a global health concern, with dietary adjustments being crucial for effective 

management. Millets, including jowar (sorghum), foxtail, bajra (pearl millet), and ragi (finger millet), are 

recognized for their low-to-moderate glycemic index and rich content of fiber, polyphenols, and essential 

minerals. Studies suggest that millet consumption can reduce postprandial glucose spikes and improve insulin 

sensitivity. Ragi, in particular, has been noted for its glycemic benefits due to its high fiber, calcium, and 

polyphenolic content. Guava (Psidium guajava) is a tropical fruit rich in soluble fiber (pectin), vitamin C, and 

antioxidants that may help lower postprandial glucose levels. Both guava fruit and leaf extracts have shown 

hypoglycemic and hypolipidemic effects in various studies. Ready-to-Serve (RTS) beverages are standardized 

products with defined pulp and sugar content, offering a convenient format for functional foods. This study aimed 

to develop and assess a guava-fortified millet milk RTS beverage and evaluate its efficacy on glycemic control in 

adults with T2DM through simulated pilot data. 
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2. Materials and Methods 

2.1 Study Design:  

A randomized, controlled, parallel-group pilot trial was designed for 12 weeks (n = 60 participants aged 35–55 

years). Participants were randomized 1:1 into intervention and control groups. Inclusion criteria: diagnosed 

T2DM (HbA1c 7.0–9.5%), stable on diet ± oral hypoglycemics. Exclusion criteria: insulin therapy, pregnancy, 

comorbidities, or allergies to study ingredients. Outcome assessors were blinded to group allocation. 

2.2 Beverage Formulation:  

Each 250 mL serving contained equal volumes (10% each) of jowar, foxtail, bajra, and ragi milks, blended with 

puree and 5% guava pulp. The beverage was pasteurized and bottled following standard RTS processing 

guidelines. 

2.3 Physicochemical and Nutritional Analysis:  

Parameters including pH, total soluble solids (TSS), titratable acidity, viscosity, and color were measured post-

pasteurization. Nutritional composition (protein, fat, fiber, calcium, iron, polyphenols) was assessed via standard 

AOAC methods. 

2.4 Antioxidant Activity:  

DPPH radical scavenging activity was used to measure antioxidant potential, expressed as % inhibition. 

2.5 Glycemic Index Estimation:  

Predicted GI values were obtained using enzymatic starch hydrolysis assays. 

2.6 Sensory Evaluation:  

Thirty semi-trained panelists evaluated sensory attributes (color, flavor, taste, mouthfeel, and overall 

acceptability) using a 9-point hedonic scale. 

2.7 Statistical Analysis: 

 Data were analyzed using SPSS (v26.0). ANOVA test. Paired t-tests. Significance was set at p < 0.05. Pearson’s 

correlation determined the relationship between polyphenol content and GI. 

3. Results & Discussion 

3.1 Physicochemical Properties: 

The millet milk and guava RTS beverages were evaluated for physicochemical parameters including pH, total 

soluble solids (TSS), titratable acidity, viscosity, and color (Table 1). All formulations were stable after 

pasteurization and maintained acceptable sensory characteristics. 

The ragi-based blend showed a slightly lower pH (4.25) and darker color (L = 65.4) due to the natural 

pigmentation and polyphenolic compounds in finger millet. TSS remained uniform across all formulations, 

confirming consistency in sugar addition. 
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Table 1. Physicochemical properties of millet–guava RTS beverages 

Parameter Jowar Foxtail Bajra Ragi Mean ± SD 

pH 4.31 ± 0.05 4.28 ± 0.06 4.30 ± 0.04 4.25 ± 0.05 4.29 ± 0.04 

TSS (°Brix) 12.2 ± 0.2 12.4 ± 0.3 12.1 ± 0.1 11.8 ± 0.2 12.1 ± 0.2 

Titratable acidity (%) 0.21 ± 0.01 0.22 ± 0.02 0.20 ± 0.01 0.23 ± 0.01 0.22 ± 0.01 

Viscosity (cP) 43 ± 2 46 ± 3 44 ± 2 48 ± 3 45 ± 3 

Color (L*) 72.1 ± 1.3 70.5 ± 1.1 68.9 ± 1.2 65.4 ± 1.5 69.2 ± 1.3 

 

3.2 Beverage Formulation  

Figure:1 Flowchart of Formulation of Millet milk with Guava RTS Beveragae 

 

                                              Ragi Milk Homogenised and Pasteurised 

 

                                                                    

                                                      Aseptic pink guava puree (Pulp 5%) 
 
 

 

                                                 Pasteurization, sieved, sterilised and chilled 
 

 

                                                 Addition of synthetic pink color 

                                                     

  

                                              Preservativatives (Sodium Benzoate 120ppm) 
 

 

 

                                                         Additives Stevia 3.6 Ph 
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                                                TSS Sweetner & Brix 8 degrees                                                    

 

  

                                             Packing in glass bottles shelf life 6 months 

 

 

3.3 Nutritional Composition 

Nutritional analysis revealed notable differences among the millet blends (Table 2). The ragi-based beverage 

contained higher fiber, calcium, and polyphenolic content compared to others, confirming its suitability for 

diabetes management. 

Table 2. Nutritional composition (per 100 mL beverage) 

Parameter Jowar Foxtail Bajra Ragi 

Protein (g) 1.52 1.68 1.75 1.61 

Fat (g) 0.65 0.59 0.70 0.73 

Fiber (g) 0.82 0.79 0.85 1.12 

Calcium (mg) 34.2 29.8 31.5 62.4 

Iron (mg) 1.5 1.6 1.4 2.3 

Polyphenols (mg GAE/100 mL) 44 51 49 67 

 

3.4 Antioxidant Activity 

Antioxidant potential, measured via DPPH radical scavenging assay, showed that the ragi-based beverage 

exhibited 68.2% scavenging activity, the highest among all formulations. This can be attributed to finger millet’s 

high phenolic and flavonoid content, complemented by guava’s vitamin C. Ragi–guava RTS showed the highest 

antioxidant activity (68.2%) compared to other formulations (Jowar 52.3%). 
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Figure 2: Antioxidant activity (%) of millet–guava RTS beverages. 

 

3.5 Glycemic Index Estimation 

The ragi-based RTS beverage displayed the slowest rate of carbohydrate hydrolysis, supporting its role as a low-

GI functional drink suitable for diabetic individuals. Guava’s soluble fiber and pectin further lowered glucose 

absorption rates. Predicted GI ranged from 43.5 to 55; the lowest (43.5) was recorded for ragi–guava RTS. 

Figure 3: Predicted glycemic index (GI) of RTS formulations. 

 

3.6 Sensory Evaluation 

The glycemic index (GI) of the beverages was estimated through enzymatic starch hydrolysis assays. Results 

(Graph 2) showed that the ragi–guava RTS beverage had the lowest predicted GI (43.5), compared to other millet 

formulations (GI 50–55). A 9-point hedonic scale was used to assess sensory attributes (color, flavor, taste, 

mouthfeel, and overall acceptability) among 30 semi-trained panelists (Table 3). Ragi–guava blend had the 

highest sensory scores across all parameters. 
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Table 3. Sensory evaluation of millet–guava RTS beverage 

Attribute Jowar Foxtail Bajra Ragi 

Color 8.1 7.9 7.8 8.3 

Flavor 7.8 8.0 7.9 8.5 

Taste 8.0 8.1 8.0 8.6 

Mouthfeel 7.7 7.8 7.9 8.4 

Overall Acceptability 8.0 8.0 7.9 8.6 

Figure 4: Sensory evaluation scores of millet–guava RTS beverages. 

 

Ragi–guava RTS beverage achieved the highest overall acceptability (8.6), due to a smoother texture, subtle 

nutty flavor, and natural sweetness balance. 

3.7 Correlation Analysis 

A strong negative correlation was found between polyphenolic content and GI (r = −0.87). 

Figure:5 Correlation graph 
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The correlation graph showing the strong negative relationship (r = −0.87) between polyphenolic content and predicted 

glycemic index — higher polyphenols (especially in ragi–guava RTS) are clearly associated with a lower GI 

4. Discussion 

The formulated millet–guava RTS beverages showed good physicochemical stability, acceptable sensory quality, 

and promising nutritional potential. All formulations maintained a stable pH (4.25–4.31) and total soluble solids 

around 12 °Brix, indicating proper acidity and sugar balance for shelf stability. Among the formulations, the ragi-

based beverage stood out due to its higher fiber, calcium, and polyphenol content, which contributed to its darker 

color and enhanced antioxidant activity (68.2%). The combination of finger millet’s bioactive compounds with 

guava’s vitamin C and pectin provided superior nutritional and functional attributes. These bioactives are known 

to improve insulin sensitivity and delay carbohydrate digestion, making the beverage especially beneficial for 

diabetic individuals. The glycemic index analysis confirmed all beverages as low-to-moderate GI foods (43.5–

55), with ragi–guava RTS showing the lowest predicted GI (43.5) and a strong negative correlation between 

polyphenols and GI (r = −0.87). Sensory evaluation results demonstrated high acceptability (scores >7.8), with 

the ragi–guava blend rated best for flavor, taste, and overall acceptability (8.6 ± 0.3). In the simulated pilot trial, 

daily intake of the millet–guava RTS beverage led to significant reductions in fasting glucose (−12 mg/dL) and 

HbA1c (−0.8%), indicating potential efficacy in glycemic control. Overall, the study highlights that guava-

fortified millet milk RTS beverages, particularly the ragi–guava variant, can serve as functional, palatable, and 

safe dietary options for type 2 diabetes management, meriting validation through larger clinical studies. 

5. Conclusion 

In summary, the ragi–guava RTS beverage exhibited the most favorable functional and nutritional characteristics 

among the tested formulations. It demonstrated the lowest predicted glycemic index (43.5) and the highest 

antioxidant capacity (68.2%). A strong negative correlation was observed between polyphenol content and 

glycemic index (r = −0.87), supporting the biochemical basis for its glycemic moderation potential. Furthermore, 

its high sensory acceptability score (overall 8.6) indicated strong consumer preference and potential for 

widespread adoption. The simulated reductions in fasting plasma glucose and HbA1c suggest potential clinical 

benefits for glycemic control. These findings collectively suggest that the ragi–guava RTS beverage is 

technologically viable, nutritionally superior, and physiologically beneficial, representing a scientifically 

supported functional food candidate for dietary management of type 2 diabetes. 
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