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ABSTRACT 

Plant-based milk alternatives are increasingly preferred worldwide owing to their nutritional advantages, 

environmental sustainability, and suitability for individuals with lactose intolerance. The present study 

investigated antinutritional constituents, antioxidant potential, and GC–MS phytochemical profiling of 

unfortified and vitamin A and D fortified finger millet milk. Finger millet grains were germinated, 

subjected to ultrasonication-assisted extraction, pasteurized, and fortified with vitamins A and D to 

develop a functional beverage. Key antinutritional factors such as tannins, phytic acid, and oxalates, 

along with bioactive compounds including flavonoids, total polyphenols, and antioxidant activity, were 

assessed. GC–MS analysis was used to identify and compare the chemical profiles of both samples. The 

results showed only marginal differences between unfortified and fortified milk in tannins (0.48–0.47 mg 

CAE/100 ml), phytic acid (21.78–21.76 mg/100 ml), oxalates (26.53–26.51 mg/100 ml), flavonoids 

(69.23 mg CAE/100 ml), polyphenols (122.35–122.34 mg GAE/100 ml), and antioxidant activity 

(~66.7% RSA), indicating that fortification did not significantly alter the inherent phytochemical 

composition. GC–MS profiling identified 81 compounds in the control sample and 25 major compounds 

in the fortified milk, with enriched levels of oleic acid, linoleic acid, α-linolenic acid, vitamin E, 

squalene, and campesterol. These compounds are associated with antioxidant, cardioprotective, anti-

inflammatory, and immune-enhancing properties. Overall, vitamin A and D fortification improved the 

nutritional and functional quality of finger millet milk while maintaining its antioxidant capacity. The 

findings support the potential of finger millet milk as a nutrient-rich, health-promoting, and sustainable 

plant-based dairy alternative. 
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Introduction 

 Plant-based milk alternatives have emerged as 

popular choices due to their nutritional value, evolving 

dietary trends, environmental sustainability and 

decreased reliance on animal products. They are 

especially beneficial for individuals with lactose 

intolerance or dairy allergies. These beverages provide 

essential nutrients, bioactive compounds and 

antioxidants, supporting their use in functional food 

development. Their consumption has risen 

significantly, with the global market expected to reach 

US$26 billion by 2024 (Silva and Smetana, 2022). In 

general, plant-based milk substitutes are water-based 

extracts derived from plant sources that closely 

resemble cow’s milk in appearance and texture, 

although their taste and nutritional composition differ 

based on the raw materials and processing techniques 

employed (Tangyu et al., 2019) 

 Plant based finger millet milk are recognized for 

their rich composition of bioactive compounds such as 

phenolics, flavonoids, vitamins and essential fatty 

acids, which contribute significantly to antioxidant 
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activity and overall health promotion. However, 

alongside these beneficial components, plant-based 

milks also contain antinutritional factors such as phytic 

acid, tannins, and oxalates, which can interfere with 

mineral absorption and bioavailability (Kaur et al., 

2024). 

 Emerging technologies for producing plant-based 

milk substitutes include ultrasound, pulsed electric 

fields, ohmic heating, and high-pressure 

homogenization. Among non-thermal methods, 

ultrasonication is a fast, versatile, and safe technique 

that uses sound waves (20–100 kHz) to create 

cavitation, leading to significant physical and chemical 

changes in the sample (Leksawasdi et al.,2022). 

 Finger millet (Eleusine coracana), an ancient 

cereal of the Poaceae family cultivated in India since 

2300 BC, is a nutrient-rich millet high in calcium (344 

mg/100 g), fiber, polyphenols, and minerals. It ranks 

fourth globally among millets and offers health 

benefits such as anti-diabetic and anti-inflammatory 

effects. Its calcium content is about eight times higher 

than that of common cereals (Vagdevi et al., 2023). 

 In recent years, advanced techniques such as Gas 

Chromatography–Mass Spectrometry (GC–MS) have 

been extensively used to analyze bioactive compounds 

in food systems. This method allows accurate 

identification and characterization of volatile and semi-

volatile constituents, including fatty acids, phenolic 

compounds, and other functional metabolites, thereby 

offering valuable insights into the nutritional and 

therapeutic properties of plant-based beverages (Al- 

Rubaye et al., 2017) 

 This study focuses on evaluating the 

antinutritional factors, antioxidant activity and GC–MS 

characterization of bioactive compounds in unfortified 

and vitamin fortified finger millet milk. It aims to 

determine how fortification influences the 

phytochemical profile, antioxidant properties, and 

overall functional quality, thereby highlighting the 

potential of fortified finger millet milk as a nutritious 

and health-promoting plant-based substitute for dairy 

products. 

Materials and Methods 

Preparation of unfortified and vitamin fortified 

finger millet milk 

 Finger millet grains were first soaked for 19 hours 

and then germinated for 24 hours to enhance their 

nutritional value. The sprouted grains were ground 

with water in a 1:7 ratio to obtain a slurry, which was 

subsequently subjected to ultrasonication to improve 

extraction. The mixture was then filtered and 

homogenized to produce a smooth milk extract. This 

extract was pasteurized at 85°C for 15 minutes to 

ensure safety, followed by cooling. After cooling, 

vitamin A, vitamin D, and xanthan gum were 

incorporated, and the mixture was further homogenized 

to achieve uniformity. Finally, the prepared milk was 

bottled and stored at 4°C. For unfortified (control) 

finger millet milk, the same procedure will follow but 

not include the vitamin fortificant. For the unfortified 

(control) finger millet milk, the same procedure was 

followed, except that vitamin fortificants were not 

added (Figure 1). 

 

Fig. 1: Process flow chart for the preparation of 

unfortified and vitamin fortificants finger millet milk 

Assessment of antinutritional factors and 

antioxidant activity of unfortified and fortified 

finger millet milk  

Tannin  

 Tannin content was determined based on its 

ability to reduce phosphotungstomolybdic acid in an 

alkaline medium, forming a blue-colored complex 

measured at 700 nm, with intensity proportional to 

tannin concentration. Folin–Denis reagent, sodium 

carbonate solution, and tannic acid standards were 

prepared using standard procedures. For analysis, 1 ml 

of sample extract was mixed with water, Folin–Denis 

reagent, and sodium carbonate, and the volume was 

adjusted to 100 ml. After 30 minutes, absorbance was 

recorded using a UV–Vis spectrophotometer against a 

water blank. Tannin content was expressed as mg 

tannic acid equivalents (TAE) per 100 g of sample 

following the method (Sadasivam,1996). 
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Total flavonoids 

 Total flavonoid content was estimated by the 

aluminum chloride colorimetric method (Ribarova et 

al., 2005). The sample extract was reacted sequentially 

with sodium nitrite, aluminum chloride, and sodium 

hydroxide, and the volume was made up to 10 ml. 

Absorbance was measured at 510 nm using a 

spectrophotometer with a reagent blank. A quercetin 

standard curve (20–100 µg/ml) was used, and results 

were expressed as mg quercetin equivalents per 100 g 

or 100 ml of sample on fresh and dry weight basis. 

Total polyphenols 

 Total polyphenols were estimated using the Folin–

Ciocalteu method, where phenolic compounds react 

under alkaline conditions to form a blue-colored 

complex. In this method, the sample was mixed with 

Folin–Ciocalteu reagent and sodium carbonate, 

incubated at 25°C for 2 hours and the absorbance was 

measured spectrophotometrically. A gallic acid 

standard curve was used for quantification, and the 

results were expressed as mg gallic acid equivalents 

(GAE) per 100 ml of sample (Bao et al., 2005). 

Phytic acid 

 Phytic acid content in plant-based milk was 

estimated following method of (Aina et al., 2012). The 

sample was soaked in 2% HCl, filtered, and the filtrate 

was treated with water and ammonium thiocyanate 

before titration with standard iron (II) chloride until a 

stable yellow color appeared. The phytic acid 

percentage was calculated using the formula: % phytic 

acid = y × 1.19 × 100, where y = titre value × 0.00195. 

Oxalate content 

 Oxalate content in plant-based milk was 

determined using the method of Munro and Bassir 

(Munro and Bassir, 1969). The sample was acidified 

with HCl, heated, cooled, and filtered, followed by pH 

adjustment using ammonium hydroxide with methyl 

red indicator. Calcium chloride was then added to 

precipitate oxalate, and the mixture was left overnight. 

The precipitate was separated by centrifugation, 

dissolved in sulfuric acid, diluted, and titrated with 

standard potassium permanganate until a persistent 

pink endpoint was observed. 

Total antioxidant activity (DPPH Assay) 

 Radical scavenging activity of plant-based milk 

was evaluated using the DPPH assay, where the purple 

DPPH radical is reduced by antioxidants, leading to a 

decrease in absorbance proportional to scavenging 

ability. Methanolic extracts were mixed with DPPH 

solution, incubated in the dark for 30 minutes, and 

absorbance was measured at 517 nm using a UV–Vis 

spectrophotometer. The percentage of DPPH inhibition 

(%RSA) was calculated by comparing sample and 

control absorbance. The IC50 value, representing the 

concentration required to achieve 50% inhibition, was 

determined, with lower IC50 indicating higher 

antioxidant activity (Bao et al., 2005). 

GC-MS analysis of finger millet milk 

 Finger millet milk samples were freeze-dried at 

−18°C for 48 hours, followed by further drying at 

−15°C. The obtained powders were packed in 

aluminum foil and stored in dark conditions. For 

sample preparation, 2 g of dried sample was extracted 

with 20 ml of HPLC-grade hexane, sonicated for two 

30-minute cycles, and filtered using Whatman No. 1 

filter paper. The filtrate was concentrated by solvent 

evaporation, reconstituted in 2 ml hexane, membrane-

filtered, and transferred to GC–MS vials. 

 GC–MS analysis was performed using a 

Shimadzu QP2020 system. A 1 µL sample was 

injected in splitless mode with a 5-minute split delay. 

Separation was achieved using an Rxi-5 Sil MS 

column under programmed oven temperatures from 

70°C to 280°C. Helium served as the carrier gas at 1 

ml/min. The injector and transfer line temperatures 

were maintained at 230°C and 280°C, respectively. 

Compounds were identified using electron impact 

ionization at 70 eV with a scan range of 35–650 m/z 

and a scan rate of 2.74 scans per second, ensuring 

accurate compound identification and quantification 

(Tangyu et al., 2023). 

Results and Discussion 

Antinutritional factors and antioxidant activity of 

unfortified and fortified finger millet milk  

 The phytochemical composition of Control Finger 

Millet Milk (CFM) and Vitamin-Fortified Finger 

Millet Milk (FFM), including tannins, phytic acid, 

oxalates, flavonoids, polyphenol and total antioxidant 

activity, is presented in Table 1. The findings reveal 

only slight differences between the two samples, 

indicating a high level of consistency in their 

composition. The tannin content was recorded as 0.48 

mg CAE/100 ml in CFM and 0.47 mg CAE/100 ml in 

FFM, showing nearly identical levels. Tannins are 

polyphenolic compounds recognized for their 

astringent nature and beneficial properties such as 

antioxidant and antimicrobial effects (Huang et al., 

2021). 

 Phytic acid levels were measured at 21.78 mg/100 

ml in CFM and 21.76 mg/100 ml in FFM, 

demonstrating minimal variation. Although phytic acid 
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is considered an antinutrient due to its ability to bind 

minerals like calcium, iron and zinc and reduce their 

bioavailability, it also exhibits antioxidant and 

anticancer properties, highlighting its dual nutritional 

role. Similarly, oxalate content showed negligible 

differences, with values of 26.53 mg/100 ml in CFM 

and 26.51 mg/100 ml in FFM. 

 The total flavonoid content was found to be the 

same in both samples at 69.23 mg CAE/100 ml, 

indicating uniformity. Flavonoids are well-known 

bioactive compounds with strong antioxidant, anti-

inflammatory and cardioprotective effects 

(Vazhappilly et al., 2019), suggesting their potential in 

reducing oxidative stress-related disorders. Total 

polyphenol content was also highly consistent, with 

values of 122.35 mg GAE/mg in CFM and 122.34 mg 

GAE/mg in FFM. Polyphenols are widely associated 

with various health benefits, including anti-

inflammatory, anticancer, and neuroprotective 

activities, primarily due to their ability to scavenge free 

radicals and mitigate oxidative stress (Rana et al., 

2022). 

 The total antioxidant activity, expressed as 

percentage radical scavenging activity (%RSA), was 

identical in both samples at 66.74%, indicating strong 

antioxidant potential. Antioxidants play a vital role in 

neutralizing reactive oxygen species (ROS), which are 

linked to the development of chronic diseases such as 

cancer, cardiovascular disorders, and 

neurodegenerative conditions. 

 Boukid et al. (2023) reported the presence of 

aldehydes such as pentanal and hexanal, and alcohols 

like heptanol in almond-based beverages, which are 

formed during lipid oxidation and contribute to 

undesirable off-flavors. Additionally, the bitterness and 

astringency often observed in plant-based drinks are 

attributed to bioactive compounds such as alkaloids, 

phenols, saponins, cyanogenic glycosides, flavonoids, 

terpenes, and glucosinolates. 

 According to Sravanthi (2022), finger millet-

based milk retains considerable antioxidant activity; 

however, thermal processing methods such as pressure 

cooking and pasteurization significantly reduce 

phytochemical content. The total polyphenol content 

decreased from 119.8 ± 0.21 mg GAE/100 g in raw 

millet to 34.2 ± 0.79 mg GAE/100 ml in the processed 

beverage. Similarly, total flavonoids declined from 

159.7 mg RE/100 g in raw millet to 126.6 mg RE/100 

ml in milk, and DPPH radical scavenging activity 

decreased from 17.18 ± 0.06 µmol Trolox equivalent/g 

to 6.07 ± 0.05 µmol Trolox equivalent/ml. In contrast 

to these findings, the present study demonstrates that 

fortification with vitamins A and D did not 

significantly alter the phytochemical profile or 

antioxidant activity, thereby supporting the feasibility 

of developing nutritionally enhanced plant-based milk 

with preserved functional properties. 

 

Table 1: Antinutritional factors and Antioxidant activity of Unfortified and Fortified finger millet milk 

Parameters CFM FFM P-Value 

Tannin(mg CAE/100ml) 0.48
a
±0.008 0.47

b
±0.002 0.28** 

Phytic acid(mg/100ml) 21.78±0.35 21.76±0.2 0.97
NS 

Oxalate (mg/100ml) 26.53±0.43 26.51±0.09 0.95
NS 

Total Flavonoids (mg CAE/100ml) 69.23±1.27 69.23±0.42 1
NS 

Total Polyphenols (GAE/mg) 122.35±3.24 122.34±0.91 0.99
NS 

Total Antioxidant activity (% RSA) 66.7±1.18 66.74±1.77 1
NS 

Values are means of three replicates. The values mentioned in superscripts are significantly different at p < 0.05 

in the same column. 
CFM Unfortified (control) Finger millet milk FFM Vitamin A and D fortified finger millet milk 

 

 

GC-MS analysis of unfortified (control) and 

vitamin fortified finger millet milk samples 

 This presents the GC–MS analysis of unfortified 

(control) and vitamin-fortified finger millet milk to 

identify and compare their bioactive compounds, as 

well as to evaluate the effect of fortification on 

chemical composition and potential functional benefits. 

 

GC-MS analysis of unfortified (control) finger 

millet milk samples 

 GC–MS analysis of the unfortified (control) finger 

millet milk revealed a wide range of bioactive 

compounds with diverse functional properties. A total 

of 81 compounds were detected, of which 25 major 

compounds were selected based on their highest peak 

area percentages (Table 2). The retention times ranged 

from 9.00 to 46.99 minutes, indicating the presence of 



 
1248 Siva Sakthi T. et al. 

both volatile and semi-volatile constituents. The most 

dominant compound identified was 4-(1H-

benzimidazol-1-yl) aniline, TMS, with a peak area of 

15.09% at a retention time of 46.99 minutes, known for 

its antimicrobial and anticancer activities (Dharavath et 

al., 2022). Other prominent compounds included 

stearic acid hydrazide (5.04%), 1,2-

hydrazinedicarboxamide (5.81%), and 5-bromo-N,N-

dimethyl-2H-1,2,4-triazole-3-carboxamide (5.02%), all 

associated with antimicrobial, antifungal, and anti-

inflammatory properties. 

 Oleic acid (4.51%), a monounsaturated fatty acid, 

was also detected and is recognized for its anti-

inflammatory and cardioprotective effects (Seo et al., 

2019). Additionally, n-hexadecanoic acid (2.42%) and 

octadecanoic acid (1.57%) were identified, 

highlighting the presence of essential lipids that 

contribute to antioxidant activity, skin protection, and 

metabolic functions (Park et al., 2019). 

 Several phenolic and heterocyclic compounds 

with strong antioxidant potential were also observed. 

Compounds such as phenol, 2,4-bis (1,1-

dimethylethyl) phosphite (3.93%) and 4H-pyran-4-one, 

2,3-dihydro-3,5-dihydroxy-6-methyl (0.55%) are 

known for their ability to scavenge free radicals and 

reduce oxidative stress (Li et al., 2019). These findings 

indicate that finger millet milk is rich in bioactive 

constituents with potential health-promoting properties, 

making it a promising alternative to conventional dairy 

products. 

 The presence of compounds like glycerol, 2TMS 

(92.31%) and diethyl phthalate (2.17%) suggests a 

possible role in flavor enhancement. Moreover, several 

heterocyclic compounds identified in the sample 

exhibit anti-inflammatory and antimicrobial activities. 

For example, 5-(γ-methylaminopropyl)-3-(p-

chlorophenyl)-1H-pyrazole (2.45%) and 7,9-diethyl-

2,4-bis(dimethylamino)-10-imino-8-thio-1,7,9-

triazapolyaza-1,3-decadiene-6,8-dione (2.52%) have 

been reported to possess anti-inflammatory effects 

(23). The detection of antiviral compounds such as 1-

(β-D-arabinofuranosyl)-4-O-difluoromethyluracil 

(2.27%) and 2R,3S-1-(1,3,4-trihydroxy-2-

butoxymethyl) uracil (0.48%) further indicates the 

potential immunomodulatory properties of unfortified 

finger millet milk (Mohan et al., 2021). 
 

Table 2 : GC-MS analysis of unfortified (control) finger millet milk. 

S. 

No. 

Retention 

Time 

(min) 

Area 

% 
Compound Name 

Molecular 

Formula 

Molecular 

Weight 

(g/mol) 

Biological Activity References 

1.  46.990 15.09 
4 – (1 H- Benzimidazol – 1 -

yl) aniline, TMS 
C13H13N3Si 255 

Antimicrobial, 

anticancer 

(Rasheed et 

al., 2021) 

2.  46.015 5.04 Stearic acid hydrazide C18H39N3O 313 
Antimicrobial, anti 

– Inflammatory 

(Majrashi et 

al., 2023) 

3.  46.745 5.81 1,2 – Hydrazinedicaroxamide C2H6N4O2 118 
Anticancer 

potential 

(Capan et al., 

2024) 

4.  46.457 5.02 

5 – Bromo- N, N – dimethyl – 

2H 1,2,4 – triazole – 3 

carboxamide 

C5H8BrN5O 234 
Antifungal, 

antibacterial 

(Pokhodylo et 

al., 2021) 

5.  45.835 4.15 
Hexa (methoxymethyl) 

melamine 
C12H30N6O6 342 Antimicrobial 

(Gan et al., 

2020) 

6.  31.397 4.51 Oleic Acid C18H34O2 282 

Anti- 

inflammatory, 

cardioprotective 

(Karacor and 

Cam, 2015) 

7.  43.128 3.93 

Phenol, 2, 4- bis (1,1- 

dimethylethyl) – phosphite 

(3:1) 

C22H27O3 370 
Antioxidant 

properties 

(Bhuyan et al., 

2019) 

8.  16.265 3.25 
1,3 – Propanediol, 2- 

hydroxymethyl) – 2 – nitro 
C4H9NO4 135 

Antimicrobial 

polymer precursor 

(Urbanovich et 

al., 2022) 

9.  46.295 2.52 

7,9 – Diethyl, 2,4 – bis 

(dimethylamino)- 10 – imino 

8 thio- 1,7,9 – triazaspiro – 

1,3 decadiene- 6,8 dione 

C12H20N6OS 308 Antiinflammtory 
(Tasturganova 

et al., 2018) 

10.  28.095 2.42 n- Hexadecanoic acid C16H32O2 256 
Antioxidant, 

antimicrobial 

(Ganesan et 

al., 2024) 

11.  45.395 2.45 

5 – (γ- Methylaminopropyl0 – 

3 (p- chlorophenyl) – 1 H – 

pyrazole 

C14H17ClN4 276 
Antioxidant 

potential 

(Khatun et al., 

2022) 

12.  20.188 2.17 Diethyl Phthalate C12H14O4 222 
Plasticizer, 

endocrine disruptor 

(Manzoor et 

al., 2019) 
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13.  45.195 2.31 Glycerol, 2 TMS C5H14O4Si2 210 Antifungal 
(Trivunoic et 

al., 2022) 

14.  41.00 1.70 

1 H – Pyrazole – 1 

acetaminde, 4 – iodo – N – 

(phenylmethyl) 

C10H10IN3O 319 
Antimicrobial, 

antifungal 

(Kachi et al., 

2024) 

15.  45.624 2.27 
1 – (β- d – Arabinofurnosyl)- 

4 O - difluromethylurcail 
C10H12F2N2O5 278 Antiviral activity 

(Cheng et al., 

2021) 

16.  35.891 1.57 
Propiophenone, 3 – phenyl – 3 

– piperidino 
C14H17NO 215 Anti – infllmatory 

(Srividya et 

al., 2023) 

17.  31.848 1.57 Octadecanoic acid C18H36O2 284 
Fatty acid, 

emollient 

(Cai et al., 

2021) 

18.  38.099 1.57 

6 – Hydroxy – 8 – 

methoxyoctanoic acid, methyl 

ester 

C10H18O4 202 Antiinflmmatory 
(Cai et al., 

2021) 

19.  9.00 0.55 

4H- Pyran- 4- one , 2,3 – 

dihydro- 3,5 – dihydroxy- 6 – 

methyl 

C6H8O4 144 
Antioxidant, 

bioactive 

(Yu et al., 

2013) 

20.  22.580 0.75 Cyacetacide C3H4N4O2 128 Antiinflammtory 
(Das et al., 

2018) 

21.  117 0.48 
2R, 3S- 1 1,3,4-Trihydroxy- 

2- butoxymethyluracil 
C19H14N2O6 246 

Antiviral, 

anticancer 

(Mohan et al., 

2021) 

22.  785 0.48 16- HExadecanolyl hydrazide C16H34N2O 270 Antiviral 
(Abdelaziz et 

al., 2024) 

 

GC-MS analysis of fortified finger millet milk 

samples  

 GC–MS analysis was performed to identify and 

compare the bioactive constituents of unfortified 

(control) and vitamin-fortified finger millet milk. The 

results revealed a diverse range of essential fatty acids, 

phenolics, vitamins and other metabolites with 

significant nutritional and health-promoting roles. 

Comparison of the two samples indicated that 

fortification enhanced both the concentration and 

bioavailability of these functional components (Table 3 

and Figure 1). 

 Fatty acids, which are important for energy 

metabolism, cell membrane function and inflammation 

control, were notably higher in the fortified sample. 

Key fatty acids such as oleic acid (34.16%), linoleic 

acid (6.08%) and α-linolenic acid (3.76%) showed 

marked increases compared to the control. These 

polyunsaturated fatty acids are widely associated with 

cardioprotective, neuroprotective, and anti-

inflammatory benefits (Kim et al., 2019). The 

detection of n-hexadecenoic acid (15.68%) further 

suggests improved antioxidant and antimicrobial 

potential in the fortified milk (Li et al., 2019). 

 The fortified milk also contained greater amounts 

of natural antioxidants, including vitamin E (2.98%), 

squalene (2.63%), and campesterol (3.21%), which 

were present in much lower concentrations (0.2–0.5%) 

in the control sample. These compounds are effective 

in scavenging free radicals, protecting against 

oxidative damage and supporting skin health (39). 

Additionally, increased levels of 5-

hydroxymethylfurfural and maltol indicate 

improvements in both antioxidant capacity and flavor 

profile (Tian et al., 2020). 

 Nutritionally, the fortified sample showed higher 

levels of sucrose (6.56%), contributing to energy 

supply, dihydroxyacetone (6.27%) for improved 

glucose metabolism, and tocopherols (2.98%) for 

antioxidant and cardiovascular benefits. The elevated 

PUFA content may aid in reducing cholesterol and 

inflammation, while increased phenolic compounds 

and vitamin E enhance antioxidant defense and 

immune function (Shahidi and Ambigaipalan, 2015). 

Compared to the control, the fortified milk 

demonstrated a 30-40% increase in essential fatty 

acids, along with improved antioxidant activity and 

sensory characteristics. 

 Overall, the comparative GC–MS findings clearly 

demonstrate that vitamin A and D fortification 

significantly enhances the nutritional and functional 

quality of finger millet milk. The fortified sample 

showed higher levels of essential fatty acids such as 

oleic, linoleic, and α-linolenic acids, which are known 

for their multiple health benefits (Calder, 2015). 

Enrichment with antioxidants like vitamin E and 

campesterol further strengthens protection against 

oxidative stress while supporting immune and skin 

health. Increased levels of sucrose and 

dihydroxyacetone indicate better energy utilization and 

glycemic regulation. Moreover, higher concentrations 

of phenolic antioxidants and flavor-related compounds 

such as 5-hydroxymethylfurfural and maltol contribute 
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to improved functional and sensory properties (Ban et 

al., 2022). These results confirm that fortification 

enhances the biochemical profile and overall health-

promoting potential of finger millet milk, making it a 

valuable functional dairy alternative. 

 

Table 3 : GC-MS analysis of vitamin fortified finger millet milk. 

S. 

No. 

Retention 

Time 

(min) 

Area 

% 
Compound Name 

Molecular 

Formula 

Molecular 

Weight 

(g/mol) 

Biological Activity References 

1.  3.775 6.27 Dihydroxyacetone C3H6O3 90.08 

Precursor to glucose 

metabolism, skin 

conditioning 

(Belfleur et al., 

2022) 

2.  5.420 2.54 Acetic acid C2H4O2 60.05 
Antibacterial, digestive 

aid 

(Lazou et al., 

2023) 

3.  7.892 3.72 2,3 – Butanediol C4H10O2 90.12 

Antimicrobial, 

Precursor for flavor 

compounds 

(Bao et al., 

2005) 

4.  9.301 4.85 
1 – Hydroxy – 2 – 

propanone 
C3H6O2 74.08 

Flavour enhancer, 

intermediate in 

metabolism 

(Cizmarikova et 

al., 2020) 

5.  11.129 4.32 

5 – 

Hydroxymethylfurfural 

(HMF) 

C6H6O3 126.11 Antioxidant 
(Gao et al., 

2015) 

6.  12.814 3.90 Maltol C6H6O3 126.11 
Flavor compound, 

Antioxidant 
(Garbacz, 2022) 

7.  14.10 2.87 Lactic acid C3H6O3 90.08 
Probiotic support, 

improves gut health 

(Teng et al., 

2021) 

8.  16.570 6.56 Sucrose C12H22O11 342.30 
Energy source , 

sweetener 

(Teng et al., 

2021) 

9.  18.214 2.68 Benzyl alcohol C7H8O 108.14 
Antimicrobial, 

Preservative 

(Stiblarikoya i, 

2022) 

10.  20.187 3.12 Diethyl Phthalate C12H14O4 222.24 Plasticizer 
(Kachi et al., 

2024) 

11.  22.514 2.14 Octanoic acid C8H16O2 144.21 
Antifungal, Lipid 

metabolism 

(Lin et al., 

2023) 

12.  24.318 3.47 Methyl palmitate C17H34O2 270.45 
Antioxidant, Anti- 

inflammatory 

(Hamed et al., 

2020) 

13.  25.972 5.89 Stearic acid C18H36O2 284.48 
Emollient, 

Hydrophobic agent 

(Hamed et al., 

2020) 

14.  28.141 15.68 
n- Hexadecanoic acid 

(Palmitic acid) 
C16H32O2 256.42 

Antioxidant, 

Antimicrobial 

(Hamed et al., 

2020) 

15.  29.416 3.95 
9 – Octadecenoic acid, 

methyl ester 
C19H36O2 296.49 

Lipid metabolism, 

Antiinflammatory 

(Odokwo and 

Onifade, 2020) 

16.  30.214 4.31 
Linoleic acid, methyl 

ester 
C19H34O2 294.48 

Cardioprotective, Anti 

– inflammatory 

(Hamed et al., 

2020) 

17.  31.316 8.51 
10E, 12Z- 

Octadecadienoic acid 
C18H32O2 280.45 

Antininfllmatory, Lipd 

metabolism 

(Zhao et al., 

2015) 

18.  31.460 34.16 Oleic Acid C18H34O2 282.47 
Cardioprotective, 

Antioxidant 

(Karacor and 

Cam, 2015) 

19.  32.512 6.08 Linoleic acid C18H32O2 280.45 
Anti- Inflammatory 

Essential fatty acids 

(Liu et al., 

2020) 

20.  33.275 4.52 
9,12- Octadecadienoic 

acid (Z,Z) 
C18H32O2 280.45 

Antioxidant, 

Antiinflammatory 

(Krishnaveni et 

al., 2014) 

21.  34.618 3.76 

9,12,15 – 

Octadecatrienoic acid 

(α- Linolenic acid) 

C18H30O2 278.43 
Essential fatty acid, 

Neuroprotective 

(Liu et al., 

2020) 

22.  35.290 5.43 

Hexadecanoic acid, 2- 

hydroxy – 1 – 

(hydroxymethyl) ethyl 

ester 

C19H38O4 330.50 Emollient, surfactant 
(Liu et al., 

2020) 

23.  36.118 2.98 Vitamin E (Tocopherol) C29H50O2 430.71 
Antioxidant, Skin 

Protection 

(Hamed et al., 

2020) 
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24.  37.215 2.63 Squalene C30H50 410.72 
Antioxidant, 

Cholesterol precursor 

(Teng et al., 

2021) 

25.  39.512 3.21 Campesterol C28H48O 400.69 
Antiinflammatory, 

Cholesterol – lowering 
(Garbacz, 2022) 

 

Conclusion 

 The study demonstrated that both unfortified and 

vitamin A and D fortified finger millet milk contain 

considerable amounts of phytoactive compounds, 

antioxidants, and antinutritional factors, with only 

slight variations observed in tannins, phytic acid, 

oxalates, flavonoids, polyphenols, and overall 

antioxidant activity. This suggests that fortification 

does not significantly affect the inherent 

phytochemical composition of finger millet milk. 

GC–MS analysis revealed a diverse profile of bioactive 

compounds, including essential fatty acids, phenolics, 

vitamins, and other functional metabolites. The 

fortified milk showed increased levels of important 

constituents such as oleic acid, linoleic acid, α-

linolenic acid, vitamin E, squalene, and campesterol, 

which are associated with cardioprotective, 

antioxidant, anti-inflammatory, and immune-

supporting effects. In addition, the enhancement of 

flavor-related and energy-associated compounds 

contributes to improved sensory attributes and 

nutritional quality. Overall, vitamin A and D 

fortification enhances the nutritional and functional 

value of finger millet milk while preserving its 

antioxidant potential. These results highlight its 

suitability as a nutrient-dense, health-promoting, and 

sustainable alternative to conventional dairy beverages. 
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