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Abstract  

This study assessed the impact of various biostimulants on the yield and 

quality of hill banana (Musa sp.) cv. Virupakshi in Kilakuchettipatti, Koda-

ikanal Taluk, Tamil Nadu, during 2023-2024. A Randomized Block Design 

(RBD), different concentrations of biostimulants were tested, including sea-

weed extract (2 % and 3 %), fulvic acid (2 % and 3 %), panchagavya (2 % and 

3 %), moringa leaf extract (2 % and 4 %), protein hydrolysate (1 % and 2 %), 

vermiwash (2 % and 3 %) and orthosilicic acid (2 % and 4 %), along with a 

control group. The 3 % seaweed extract was the most effective, significantly 

improving yield and quality parameters compared to the control, which had 

lower acidity and higher values in bunch weight, bunch length, hand weight, 

finger length, pulp weight, peel weight, peel thickness, TSS, total sugars, 

reducing sugars and non-reducing sugars. The study also analyzed the phy-

tochemical profile of bananas treated with 3 % seaweed extract, revealing 

enhancements in bioactive compounds like benzopyran, coumarin, allyl 

urea, and allyl alcohol, known for their antioxidant and antimicrobial prop-

erties. Additionally, the seaweed extract contained 40 major bioactive com-

pounds, with 16 highlighted for their pharmaceutical activity. These findings 

suggest that biostimulants can enhance the nutritional and health benefits 

of bananas and improve cultivation practices.   
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Introduction  

Banana (Musa sp.) is one of the major fruit crops grown in tropical and sub-

tropical regions of the world. It is a highly valued and exportable product. 

Bananas are grown in over 150 countries and are regarded as the fourth 

staple food after rice, maize and wheat, yielding 110 million tons of banana 

fruit annually (1, 2). Bananas are the second most important fruit crop in 

India, after mangoes. Their popularity is due to their year-round availability, 

delicious taste, low cost and rich nutritional content. Fruits and vegetables 

are vital for health, strengthening the body's defenses against numerous 

diseases. Because of their nutritional richness, fruits are a vital part of the 

diet. They are essential for the body's defense system and boost the  
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immune system's ability to fight off various diseases (3). 

India is the largest banana producer in the world, followed 

by China, the Philippines, Brazil and Ecuador. As of 2022, 

India produces 29.895 million tonnes of bananas on 0.837 

million ha. About 87 % of global banana production is 

grown by small-scale farmers for domestic use, while the 

remaining 13 %, mostly dessert bananas are exported. The 

state with the highest banana production in India is Maha-

rashtra, which produces 3924.1 million tonnes, followed by 

Tamil Nadu, which produces 3543.8 million tonnes. Bana-

nas account for 13 % of the total fruit cultivation area and 

33 % of fruit production in the country (4).  

 Hill bananas, known for their aroma, nutrition and 
taste, are grown in Lower Pulney Hills has a Geographical 

Indications (GI) tag number of 124. Bananas are a highly 

nutritious fruit that provides instant energy and various 

health benefits due to their rich carbohydrate, vitamin and 

mineral content, especially potassium. They can lower 

heart attack risk, support cell metabolism and offer other 

health advantages. Biostimulants, whether natural or syn-

thetic, enhance plant growth and stress resistance, im-

prove nutrient uptake and reduce reliance on chemicals. 

These include substances like seaweed extracts, humic 

materials and amino acids. For banana cultivation, espe-

cially the Virupakshi variety in the Lower Pulney Hills, bi-

ostimulants can increase yield, quality and shelf life, over-

coming growth challenges and supporting sustainable 

agricultural practices. Gas chromatography-mass spec-

trometry (GC-MS) is vital for the qualitative and quantita-

tive analysis of phytoconstituents in plant extracts, offer-

ing detailed and accurate chemical analysis of plan based 

medicines (5). The top-quality banana pulp was subjected 

to GC-MS analysis. Taking into consideration this study 

investigates the effect of bio stimulants on the yield and 

quality of hill bananas as well as the bioactive compounds 

in hill bananas.   

 

Materials and Methods 

Collection of samples          

The study was conducted during 2023-24 in Kilakku-

chettipatti, part of the Kodaikanal taluk in Lower Pulney 

Hills of Western Ghats in Tamil Nadu. The study used a 

Randomized Block Design with 15 treatments and 3 repli-

cations including various concentrations of seaweed ex-

tract, fulvic acid, panchagavya, moringa leaf extract, pro-

tein hydrolysate, vermiwash, orthosilicic acid and control. 

Five plants per treatment were tagged at the last hand 

opening stage and received three foliar sprays at specified 

intervals.  

Yield and quality attributes         

The study on Virupakshi Hill bananas was conducted at the 
farmer’s field located at Kilakkuchettipatty, Kodaikanal 
taluk, Dindigul district, Tamil Nadu, India using a random-
ized complete block design with 3 replications. Banana 
bunches were subjected to different concentrations of 
biostimulants, including seaweed extract, moringa leaf 
extract, fulvic acid, panchakavya, vermiwash, protein hy-
drolysate and orthosilicic acid. Yield parameters such as 

bunch weight, bunch length, number of hands per bunch, 
hand weight, number of fingers per hand, total number of 
fingers per bunch and finger length and quality parame-
ters such as total soluble solids pulp weight, peel weight, 
peel thickness, TSS, total sugars, titrable acidity, reducing 
sugars, non-reducing sugars  and shelf life were analyzed 
(6). 

Extraction and preparation of Virupakshi banana pulp 
powder           

Banana fruits were washed in the laboratory with running 
tap water, surface sterilized with 70 % alcohol and rinsed 
with sterile distilled water. The peels were removed and 
cut into small pieces. The banana peels were dried in the 
oven at 40 °C for 24 h. The dried banana peels were ground 
using a household grinder to obtain a fine powder and 
stored in sealed plastic bags at 4 °C until further use. Bana-
na pulp was extracted with methanol, homogenized, cen-
trifuged and filtered to obtain a clear supernatant. This 
extract was concentrated and prepared for GC-MS analy-
sis. The method effectively revealed the bioactive compo-
nents in the banana pulp extract. Virupakshi banana pulp 
powder was placed in conical flasks and extracted with 
methanol at a weight/volume ratio of 1:8. The mixture was 
agitated at 155 rpm for 24 h on an orbital shaker. After ex-
traction, the mixture was filtered through Whatman filter 
paper No. 40 (120 mm) to separate the solvent layer. The 
resulting filtrate was then prepared for further analysis (7). 

Gas chromatography-mass spectrometry (GC-MS) analy-
sis          

For GC-MS analysis, the Virupakshi banana pulp powder 
was combined with methanol in a sealed flask and allowed 
to infuse for 24 h. The mixture was then filtered and the 
solvent was evaporated using a vacuum distillation appa-
ratus. The residue obtained was analyzed using a Thermo 
GC Ultra Clarus 550 system, which integrates a gas chro-
matograph with a mass spectrometer. The system fea-
tured an elite-I fused RMS 6 silica capillary column and 
used electron ionization set to 60 eV. A 1 µL sample was 
injected with a 12:1 split ratio and helium (99.9 %) was 
used as the carrier gas at a constant flow rate of 2 mL/min. 
The ion source and injector temperatures were set to 230 °C 
and 240 °C respectively. The oven temperature program 
began at 90 °C, increased by 5 °C per min to 240 °C and 
then held isothermal for 3 min. Mass spectra were record-
ed for fragments ranging from 50 to 650 Da, with a scan 
interval of 0.5 sec. Turbo Mass software was used to ana-
lyze the mass spectra and chromatograms and the % com-
position of each component was determined by compar-
ing the average peak area of each to the total peak area 
(8). 

Identification of bioactive compounds          

The mass spectra obtained from the GC-MS analysis were 
interpreted using the National Institute of Standards and 
Technology (NIST) database, which includes retention val-
ues for over 95000 compounds and the Wiley library. This 
method allowed for the identification of unknown compo-
nents by matching them with known substances, deter-
mining their molecular weight and analyzing their compo-
sition. 
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Biological activity of identified substances          

Predictions about the biological effects of the identified 

compounds were made using the PASS (Prediction of Ac-

tivity Spectra for Biologically Active Substances) database 

based on their structural formulas. This process involved 

forecasting various pharmacological effects, potential tox-

icities and possible modes of action related to the com-

pounds (9, 10).  

Statistical analysis           

The data were analyzed statistically using standard meth-

ods. This involved performing an analysis of variance 

(ANOVA), calculating the standard error of the difference 

(SE (d)) and determining the critical difference at a signifi-

cance level of 5 % (p = 0.05).   

 

Results   

Yield attributes         

The application of different biostimulants resulted in sig-

nificant variations in bunch weight. The highest bunch 

weight (14.10 kg) was achieved with 3 sprays of 3 % sea-

weed extract (T2). The second highest bunch weight (13.71 kg) 

was observed with 4 % moringa leaf extract (T8). In con-

trast, the untreated control (T15) recorded the lowest 

bunch weight at 6.83 kg. Bunch length exhibited a similar 

trend to bunch weight. The longest bunch length of 80.49 

cm was obtained with three sprays of 3 % seaweed extract 

(T2) (Fig. 1 and 2). The control (T15) resulted in the shortest 

bunch length of 50.39 cm. The application of biostimulants 

did not significantly alter the number of hands per bunch. 

Hand weight, a crucial yield attribute, was significantly 

affected by the biostimulant treatments. The highest hand 

weight (1.45 kg) was recorded with three sprays of 3 % 

seaweed extract (T2), followed by 4 % moringa leaf extract 

(T8) with a hand weight of 1.32 kg. The control group (T15) 

had the lowest hand weight at 0.51 kg. There were no sig-

nificant variations in the number of fingers per hand due to 

biostimulant treatments. The number of fingers per bunch 

did not show significant variations among treatments. Fin-

ger length, a key indicator of fruit quality, was significantly 

improved by the 3 % seaweed extract (T2), with a length of 

17.10 cm. The 4 % moringa leaf extract (T8) followed close-

ly with a finger length of 15.80 cm. The control group had 

the shortest finger length (10.50 cm) as shown in Table 1. 

Quality characters           

The application of biostimulants had a significant impact 

on pulp weight. The highest pulp weight of 51.85 g was 

recorded with 3 sprays of 3 % seaweed extract (T2), closely 

followed by 4 % moringa leaf extract (T8) with a pulp 

weight of 51.86 g. The control group, which did not receive 

any biostimulants, had the lowest pulp weight at 20.51 g. 

Peel weight also showed significant variations due to bi-

ostimulant treatments. The 3 % seaweed extract (T2) re-

sulted in the highest peel weight (23.54 g), followed by 4 % 

moringa leaf extract (T8) with a peel weight of 19.74 g. The 

control group recorded the lowest peel weight at 14.86 g. 

Peel thickness followed a similar trend to peel weight. The 

maximum peel thickness (3.83 mm) was observed in fruits 

treated with 3 % seaweed extract (T2), while fruits treated 

with 4 % moringa leaf extract (T8) had a peel thickness of 

3.56 mm. The control group exhibited the lowest peel 

thickness at 1.91 mm.  

 Total soluble solids were highest in fruits treated 

with 3 % seaweed extract (T2), with a TSS value of 15.33. 

This was closely followed by 4 % moringa leaf extract (T8) 

with a TSS of 15.10. The control group recorded the lowest 

TSS at 11.90. Total sugars mirrored the trend observed in 

TSS. The highest total sugar content (18.95 %) was found 

in fruits treated with 3 % seaweed extract (T2), closely fol-

lowed by 4 % moringa leaf extract (T8) with 18.65 %. The 

control group had the lowest total sugar content at 13.35 %. 

Titratable acidity was significantly lower in fruits treated 

with 3 % seaweed extract (T2), showing an acidity of 0.25 %. 

This was followed by 4 % moringa leaf extract (T8) with an Fig. 1. Banana bunch treated with 3 % seaweed extract.  

Fig. 2. Banana bunch untreated (Control).  



CHINNASAMY   ET AL   4  

https://plantsciencetoday.online 

acidity of 0.27 %. The control group had the highest acidity 

level at 0.54 %. Reducing sugars were highest in fruits 

treated with 3 % seaweed extract (T2) at 11.15 %, followed 

closely by 4 % moringa leaf extract (T8) at 11.11 %. The control 

group had the lowest reducing sugar content at 8.21 %. Non-

reducing sugars were also highest in fruits treated with 3 % 

seaweed extract (T2), with a content of 7.41 %. The next 

highest non-reducing sugar content was found in fruits 

treated with 2 % Fulvic acid (T3) at 7.22 %. The control group 

had the lowest non-reducing sugar content at 4.88 %, as 

represented in Table 2. 

Shelf life of fruits          

The study demonstrates that pre-harvest applications of 

Treatments Bunch weight 
(kg) 

Bunch length 
(cm) 

No. of hands/ 
bunch 

Hand weight 
(kg) 

No. of fingers /
hand 

No. of fingers/
bunch 

Finger length 
(cm) 

T1 11.62 69.19 7.79 0.99 15.21 78.32 12.89 

T2 14.10 80.49 7.95 1.46 15.75 82.10 17.10 

T3 10.35 62.70 7.65 0.89 14.75 77.95 12.80 

T4 12.55 72.40 7.82 1.17 15.69 81.61 15.79 

T5 8.70 54.80 6.50 0.52 13.57 76.65 12.29 

T6 10.37 68.30 7.69 0.96 14.95 78.15 13.30 

T7 10.10 62.40 7.62 0.86 14.60 77.87 15.20 

T8 13.70 74.70 7.92 1.32 15.64 81.85 15.80 

T9 7.45 51.29 7.44 0.62 13.48 75.40 11.59 

T10 9.80 59.60 6.54 0.79 13.90 76.92 11.40 

T11 9.80 60.50 6.58 0.83 13.95 77.26 11.00 

T12 11.20 70.50 7.85 1.01 15.59 79.43 13.50 

T13 8.15 53.60 5.46 0.72 13.55 76.12 13.69 

T14 9.12 55.40 6.51 0.65 13.71 76.79 12.40 

T15 6.83 50.39 5.59 0.51 12.90 75.30 10.50 

Mean 10.26 63.08 7.13 0.89 14.48 78.11 13.28 

SE (d) 0.21 1.46 0.15 0.26 0.24 0.15 0.20 

C.D (p=0.05) 0.44 3.01 NS 0.53 NS NS 0.41 

Table 1. Effect of biostimulants on yield parameters of hill banana cv. Virupakshi.  

T1 : Sea weed extract (2 %), T2 : Sea weed extract (2 %), T3 : Fulvic acid (2 %), T4 : Fulvic acid (3 %), T5 : Panchakavya (2 %), T6 : Panchakavya (3 %), T7 : Moringa leaf 
extract (2 %), T8 : Moringa leaf extract (4 %), T9 : Protein hydrolysate (1 %), T10 : Protein hydrolysate (2 %), T11 : Vermiwash (2 %), T12 : Vermiwash (3 %), T13  : Ortho-
silicic acid (2 %), T14 : Orthosilicic acid (4 %), T15 : Control.  

Treatments Pulp weight 
(g) 

Peel weight 
(g) 

Peel thickness 
(mm) TSS (brix) 

Total 
sugars 

(%) 

Titrable 
acidity (%) 

Reducing 
sugars (%) 

Non-reducing 
sugars (%) 

Shelf life 
(days) 

T1 43.79 18.89 2.45 13.98 17.63 0.50 10.56 6.72 10.40 

T2 63.84 23.54 3.83 15.33 18.95 0.25 11.15 7.41 11.30 

T3 38.376 16.34 2.80 13.87 17.48 0.55 9.88 7.22 9.60 

T4 49.86 18.64 2.91 14.93 18.17 0.33 10.94 6.87 10.70 

T5 36.37 19.34 2.46 12.21 14.98 0.54 9.20 5.49 8.60 

T6 38.98 18.58 2.48 13.88 17.51 0.50 10.16 6.98 10.39 

T7 33.99 14.59 2.38 13.67 16.70 0.54 9.66 6.69 9.30 

T8 51.86 19.74 3.56 15.10 18.65 0.27 11.11 7.16 10.90 

T9 32.28 15.91 2.19 11.93 13.77 0.58 8.59 4.92 8.50 

T10 32.84 13.75 2.34 13.25 15.86 0.56 8.92 6.59 9.20 

T11 29.56 19.81 2.35 13.42 16.66 0.51 9.47 6.83 9.20 

T12 46.59 19.63 2.33 14.11 17.91 0.45 10.75 6.80 10.50 

T13 29.94 18.37 3.13 12.06 14.25 0.56 8.70 5.27 8.30 

T14 28.47 16.75 2.17 12.60 15.11 0.59 8.78 6.01 9.10 

T15 20.51 14.86 1.91 11.90 13.35 0.60 8.21 4.88 8.10 

Mean 38.48 17.92 2.62 13.48 16.46 0.49 9.74 6.39 9.61 

SE(d) 0.86 3.34 0.05 0.33 0.37 0.01 0.24 0.14 0.19 

C.D (p =0.05) 1.78 0.70 0.11 0.68 0.77 0.02 0.50 0.29 0.40 

Table 2. Effect of biostimulants on quality parameters and shelf life of hill banana cv. Virupakshi.  

T1 : Sea weed extract (2 %), T2 : Sea weed extract (2 %), T3 : Fulvic acid (2 %), T4 : Fulvic acid (3 %), T5 : Panchakavya (2 %), T6 : Panchakavya (3 %), T7 : Moringa leaf 
extract (2 %), T8 : Moringa leaf extract (4 %), T9 : Protein hydrolysate (1 %), T10 : Protein hydrolysate (2 %), T11 : Vermiwash (2 %), T12 : Vermiwash (3 %), T13 : Ortho-
silicic acid (2 %), T14 : Orthosilicic acid (4 %), T15 : Control.  
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biostimulants can significantly enhance the shelf life of hill 

bananas. The 3 sprays of 3 % seaweed extract (T2) were the 

most effective, extending the shelf life to 11.30 days. The   

4 % moringa leaf extract (T8) also improved shelf life but 

was slightly less effective, with a shelf life of 10.90 days 

(Fig. 3 and 4). The control group exhibited the shortest 

shelf life at 8.10 days as shown in Table 2. 

Bioactive compounds identified by GC-MS and their 

health benefits for individuals            

The study identified 40 bioactive compounds in banana 

pulp using optimized extraction and GC-MS analysis (Table 3). 

These compounds are known for their antioxidant, anti-

inflammatory and antimicrobial properties, which high-

light banana pulp's potential health benefits. The findings 

suggest that banana pulp could be valuable in developing 

functional foods, dietary supplements and therapeutic 

products. GC-MS proved effective in revealing the detailed 

chemical profile of banana pulp, enhancing our under-

standing of its nutritional value and health-promoting po-

tential (Table 4 and Fig. 5). Plant extracts and their com-

pounds are recognized for their biological activities, partic-

ularly their antimicrobial and antioxidant properties (11). 

Some of the peaked compounds were benzodiazoborine, 

pyranone, propanol, coumarin, allyl urea and allyl alcohol, 

contributing more area.  

 

Discussion 

The observed increase in yield and yield attributes can be 

attributed to the presence of phytohormones and growth 

regulators in seaweed extract, which acts as a biostimu-

lant. seaweed acts as a biomodulator. These compounds 

likely contribute to enhanced fruit weight and size by stim-

ulating cell enlargement and division. This effect may oc-

cur individually or collectively, leading to improved overall 

fruit development and productivity (12) and it is followed 

by moringa leaf extract, which enhances fruit weight, 

length and circumference due to its high potassium and 

zinc content. Potassium facilitates carbohydrate formation 

and transport, improving fruit quality (13), while zinc aids 

in fruit growth by contributing to indole acetic acid pro-

duction (14). 

 The application of seaweed extract and moringa 

leaf extract has shown notable improvements in the physi-

ological traits and quality attributes of banana plants. Sea-

weed extract functions as a potent biostimulant, enhanc-

ing nutrient uptake, boosting root development and in-

creasing fruit weight by around 8 % (15). In parallel, 

moringa leaf extract promotes robust plant growth and 

elevates fruit quality, primarily through increased vitamin C 

production in the leaves, which benefits the fruit. The com-

bined application of these biostimulants not only im-

proves yield but also enhances the overall health and qual-

ity of banana crops, making them essential for sustainable 

banana cultivation (16). 

 The application of 3 % seaweed extract has been 

demonstrated as an effective organic amendment that 

positively impacts the quality of Hill Banana (Musa sp.) 

crops. Different plant parts, once traditionally used for 

microbial control, have now been shown to effectively 

manage microbial infections (17). Plants yield various 

chemicals from their different parts, such as bark, leaves, 

Fig. 3. Shelf life of banana seaweed 3 % treated at 10th day.  

Fig. 4. Shelf life of banana untreated (Control) at 7th day.  

Peak number Compound Molecular formula Peak area (%) RT (min) 

1 2-Imino-6-nitro-2H-1-benzopyran-3- carbothioamide C10H8N2OS 3.36 4.187 min 

2 2-Propen-1-ol C3H6O 11.02 5.086 min 

3 3(2H)-Furanone, dihydro-5-isopropyl C7H12O2 0.88 5.498 min 

4 3H-Pyrazol-3-one, 2,4-dihydro-2,4,5-trimethyl thymine C4H6N2O 2.22 5.620 min 

Table 3. Different bioactive compounds present in hill banana pulp (seaweed treated) with peak number, peak area, compound name, retention time and molec-
ular formula.  
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roots, seeds and fruits (18). Since ancient times, plant-

derived natural products have been used to promote and 

maintain human health (19). Seaweed extract 3 % treat-

ment enhances the levels of bioactive compounds and 

phytochemicals in banana pulp, resulting in notable im-

provements in plant physiology. Seaweed extracts, as or-

ganic amendments, have been shown to increase crop 

quality by improving nutritional attributes and enhancing  

5 Urea, 2-propenyl C4H8N2O 3.56 6.020 min 

6 2,3,1-Benzodiazaborine, 1,2-dihydro-1-methyl C8H9BN2 6.76 6.364 min 

7 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl C6H8O4 14.50 6.486 min 

8 Benzene, 1-chloro-3-methoxy C7H7ClO 1.29 6.597 min 

9 1,3,2-Dioxaborolan-4-one, 2-ethyl-5-methyl C5H9BO3 1.29 6.809 min 

10 Silane, ethenylethyl dimethyl C6H12Si 1.07 6.942 min 

11 1-Methoxy-1-buten-3-yne C5H6O 6.60 7.164 min 

12 2-Butyndiol dimethyl ether C6H14O2 9.05 7.220 min 

13 1,2-Benzenediol, 4-methyl C7H8O2 1.31 7.431 min 

14 2,5-Octadiene C8H14 0.32 7.786 min 

15 4-Pentyn-1-ol C5H8O 0.33 7.908 min 

16 Benzene acetaldehyde, alpha,2,5-trimethyl C9H10O 0.71 8.386 min 

17 5,6-Epoxy-6-methyl-2-heptanone C8H14O2 2.28 8.753 min 

18 4-Amino-1-methyl-5-nitropyrazole C4H6N4O2 0.33 8.853 min 

19 2-Pyridinemethanol, 3-hydroxy hydrochloride C6H8ClNO2 0.34 9.053 min 

20 Butoxyacetic acid C6H12O3 0.50 9.175 min 

21 Oxirane, 2-ethyl-2-methyl C5H10O 3.94 9.386 min 

22 Butanoic acid, 3-hydroxy-, ethyl ester C6H12O3 1.17 9.486 min 

23 t-Butyl 1-thio-1-desoxy-beta-D-glucopyranoside C10H20O5S 3.12 9.575 min 

24 2-Isopropoxyethyl propionate C8H16O3 3.14 9.741 min 

25 Benzoic acid, 4-ethoxy-, ethyl ester C11H14O3 3.58 9.797 min 

26 Thiocyanic acid, 2-(2-butoxyethox) ethyl ester C9H17NO2S 6.47 9.897 min 

27 Methyl 2,6-anhydro-alpha-d-altroside C7H12O5 1.46 10.108 min 

28 Diethyl Phthalate C12H14O4 0.32 10.308 min 

29 alpha-D-Glucopyranoside, methyl C7H14O6 1.14 10.830 min 

30 3-Deoxy-d-mannoic lactone C6H10O5 0.43 10.919 min 

31 midazole, 2-fluoro-5-hydroxy-1-ribofuranosyl C8H11FN2O5 1.34 10.986 min 

32 1-(Methylthio)-2-butene C5H10S 0.39 11.108 min 

33 beta-D-Glucopyranose, 4-O-beta-D-galactopyranosyl C12H22O11 1.22 11.208 min 

34 Diphenyl sulfone C12H10O2S 0.56 12.863 min 

35 Tridecanoic acid C13H26O2 0.86 12.919 min 

36 Octadecanoic acid C18H36O2 0.38 14.196 min 

37 Octasiloxane, 1,1,3,3,5,5,7,7,9,9,11,11,13,13,15,15-hexadecamethyl- C16H50O7Si8 0.94 18.151 min 

38 2,4-Di-tert-butyl-6-(tert-butylamino) phenol C18H31NO 0.39 18.218 min 

39 Octasiloxane, 1,1,3,3,5,5,7,7,9,9,11,11,13,13,15,15-hexadecamethyl C16H50O7Si8 0.47 18.296 min 

40 beta-Sitosterol C29H50O 0.95 22.162 min 

Sl. 

No. Compound identified Common name Pharmaceutical activity Reference 

1. 2-imino-6-nitro-2H-1-
benzopyran-3- carbothioamide Benzopyran 

Exhibit antioxidant, anti-inflammatory, antimicrobial and anticancer 
properties and neutralize harmful free radicals, manage inflammato-
ry disorders, treat infections and potentially serve in cancer therapy. 

 (26-29) 

2. 2-propen-1-ol  Allyl alcohol 

Found in garlic, have shown potential in treating conditions like hy-
pertension, hypercholesterolemia, diabetes, rheumatoid arthritis and 
may aid in preventing atherosclerosis and tumor development and 
cell death to many human pathogens. 

(30, 31) 

3. 3(2H)-furanone, dihydro-5-
isopropyl  Dihydroisocoumarin 

Antioxidant and anti-inflammatory properties, which are useful for 
managing oxidative stress-related conditions, anti- inflammatory 
diseases and it also has potential antimicrobial and antialzheimer’s 
effects. 

(32) 

4. 3H-pyrazol-3-one, 2,4-dihydro-
2,4,5-trimethyl thymine  

2, 4-dihydro-2,4,5-
trimethylthymine (DTT) 

Antioxidant properties and shows potential as an anticancer agent by 
inducing apoptosis and inhibiting tumor growth and antimicrobial, 
antipyretic, anti-inflammatory and antitumor activities. 

 (33-35) 

Table 4. Major bioactive compounds identified by GC-MS and its pharamaceutical activity.  
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5. Urea, 2-propenyl  Allyl urea 

Acts as a diuretic, promoting increased urine production and excre-
tion, which can be beneficial for treating conditions such as edema, 

hypertension and certain kidney disorders and inhibiting the growth 
of specific cancer cells. 

(36, 37)  

6. 2,3,1- benzodiazaborine Diazaborine Treating inflammatory diseases and antimicrobial properties. (38, 39) 

7. 4H-pyran-4-one, 2,3-dihydro-3,5-
dihydroxy-6-methyl  

2,3-dihydro-3,5-dihydroxy
-6-methyl-4-pyrone 

Anti-inflammatory and antioxidant properties and promise for im-
proving conditions such as osteoporosis, diabetes and cardiovascular 

diseases. 
(40) 

8. 1-methoxy-1-buten-3-yne  1-buten-3-yne, 1-methoxy Useful in medicinal chemistry and creating biologically active mole-
cules. (41) 

9. 2-butyndiol dimethyl ether  Benzodiazaborine Exhibited strong antifungal activity against various pathogenic fungi. (42) 

10. Oxirane, 2-ethyl-2-methyl  Dimethyloxirane Antitumor, antimalarial and antifungal activities. (43, 44) 

11. t-butyl 1-thio-1-desoxy-beta-D-
glucopyranoside  Glucopyranoside Regulate glucose absorption in the kidneys and reduces blood glu-

cose levels. (45) 

12. 2-isopropoxyethyl propionate  Isopropyl propanoate Improving skin health and preventing signs of aging. (46) 

13. Thiocyanic acid, 2-(2-
butoxyethox) ethyl ester  

Butoxyethoxy ethyl thio-
cyanate Antifungal and antibacterial effect. (47) 

14. N- tridecanoic acid  Tridecanoic acid Serves as an effective antipersister, antibiofilm agent and demon-
strating strong antibacterial properties against various pathogens. (48) 

15. Octadecanoic acid  Octadecanoic acid  
Improving moisture retention, supporting the skin barrier and poten-
tially providing anti-inflammatory effects and better skin hydration 

and enhanced absorption of other skincare ingredients. 
(49, 50) 

16. 
Octasiloxane, 
1,1,3,3,5,5,7,7,9,9,11,11,13,13,15,

15-hexadecamethyl 

Hexadecamethyloctasilox-
ane 

Antibacterial properties, especially against Staphylococcus agalac-
tiae for treating bacterial infections in individuals with compromised 

immunity and oxidative stress conditions and antioxidant activities. 
(51, 52)  

Fig. 5.  Total ion chromatogram (TIC) of seaweed treated banana pulp using GC-MS profiling.  
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stress resilience. This improvement is likely due to in-

creased enzyme activity, better nutrient uptake and opti-

mized metabolic pathways facilitated by the seaweed ex-

tract leading to a more favorable growth environment for 

the accumulation of beneficial phytochemicals (20). Fur-

ther elucidation of the seaweed extract’s impact on bana-

na quality was achieved through GC-MS analysis. GC-MS 

effectively identifies and quantifies volatile and semi vola-

tile compounds, providing detailed insights into the nutri-

tional and health-promoting properties of bananas (7).  

 The analysis revealed a range of bioactive com-

pounds including phenolics, flavonoids and polyphenolic 

compounds known for their antioxidant and anti-

inflammatory benefits (21). The findings underscore the 

role of seaweed extract in enhancing the fruit's nutritional 

profile by increasing bioactive compound levels and im-

proving overall physiological health by organic amend-

ments, as evidenced by a research (22). The investigation 

shows that integrating seaweed extract into bananas 

offers a novel approach to significantly enhancing the 

fruit's therapeutic efficacy. Bananas are rich in bioactive 

compounds such as 2-imino-6-nitro-2H-1-benzopyran-3-

carbothioamide and 2-propen-1-ol, possess notable anti-

oxidant, anti-inflammatory, antimicrobial and anticancer 

properties (23) as explored in Table 4. 

 The addition of seaweed extract, which is high in 

polysaccharides, vitamins, minerals and antioxidants like 

fucoidan and laminarin, further amplifies these benefits. 

Seaweed extract helps neutralize reactive oxygen and ni-

trogen species, which is crucial for managing oxidative 

stress and chronic diseases such as diabetes, cardiovascu-

lar disorders and cancer (24).  

 The combined bioactive effects of seaweed and 
bananas can enhance antioxidant defenses, improve in-

flammatory and antimicrobial responses and potentially 

boost cancer prevention and skin health (25). This syner-

gistic effect highlights the potential of 3 % seaweed extract

-treated bananas as a functional food with expanded ther-

apeutic applications, although further research is needed 

to fully understand and optimize these interactions for 

health promotion and disease prevention.  

 

Conclusion  

The study demonstrates the significant benefits of bi-

ostimulants, particularly 3 % seaweed extract, on the 

yield, quality and bioactive compounds of Virupakshi hill 

banana. This biostimulant significantly outperformed con-

trol treatments, which exhibited higher acidity and lower 

quality metrics. GC-MS analysis identified 40 bioactive 

compounds, with 16 noted for their potential medicinal 

benefits, underscoring the extract's value in promoting 

health and wellness.   
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