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ABSTRACT:  

Introduction: Oral cancer is a significant source of mortality and morbidity across borders. Therefore, there 

is a dire requirement to conceptualize groundbreaking protocols that have few negative reactions and proficient 

efficacy. 

Objectives: The goal of this study was to use the MTT assay to look at how well a new whey-based drink 

could fight cancer in KB oral cancer cells, along with its free radical scavenging properties. 

Methods: The preparation of whey-based beverages involved blending and pasteurizing the ingredients on a 

lab scale, followed by drum drying. The resulting flakes were ground into a fine powder and stored for further 

use. The DPPH method was utilized to execute the free radical scavenging activity and cell viability was tested 

by the MTT assay.  

Results: Among the three treatment formulations, T2 whey-based beverage powder exhibited better 

antioxidant activity when compared with the control triphala. Also, the whey-based beverage powders were 

able to decrease cell survival in KB OC cells.   

Conclusions: Given that the formulation studied in this research exhibited cytotoxic properties, an in vivo 

approach may provide a more comprehensive investigation of their intrinsic toxicity and cell interactions 

before their advantageous application. 

 

1. Introduction 

People's health and well-being are always important 

issues for both national and international policy. Among 

the seventeen Sustainable Development Goals (SDGs) 

set forth by the United Nations and due to be 

accomplished by 2030, these two components constitute 

a significant component. To enhance prosperity, the third 

SDG, "ensure healthy lives and promote well-being for 

all at all ages," addresses many important factors. Among 

its related goals are the prevention of non-communicable 

diseases (NCDs) and a one-third reduction in premature 

mortality. The load on international health systems is 

greatly increased by NCDs. As a result, over time, 

tremendous progress has been achieved in this area to 

stop and regulate the waves.  

One of the four main NCDs and the second-greatest 

cause of death globally is cancer [1]. On a global and 

national scale, cancer is still a major public health issue. 

With rising death rates over time, it is a severe issue that 

affects the entire population, irrespective of age or 
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income. Cancer can be caused by three different types of 

carcinogens: (i) biological carcinogens, which include 

hormonal and genetic factors, bacterial, viral, or parasitic 

infections; (ii) chemical carcinogens, which include 

contaminated food and water, tobacco use, and radiation 

from the sun and ionizing radiation; and (iii) physical 

carcinogens. The primary cause of cancer is thought to 

be tobacco use, with poor diets coming in second [1].  

One of the most prevalent cancers among men in the 

Indian subcontinent is mouth/oral cancer (OC) [2]. 

Across national boundaries, OC is a major cause of 

mortality and morbidity. While surgery is still the most 

common treatment for OC, there are other choices as 

well, including radiation, chemotherapy, and other 

treatments. However, each of these approaches being 

used has its own drawbacks [3]. Therefore, the key to 

good cancer management is a multifaceted strategy. 

Thus, selecting the proper nutritional assistance, 

particularly in the form of enteral tube feeds, becomes 

crucial for patients with OC [4]. Thus, it is believed that 

a crucial supportive element in the overall cancer 

treatment is appropriate dietary intervention. 

There is a growing market for functional foodstuffs and 

therapeutic beverages as a result of the expanding need 

for natural products in the food and beverage industries. 

In the functional beverage market, energy drinks and 

ready-to-serve beverages are catching on more and more 

since they are portable and convenient. As a byproduct 

of the dairy industry, whey has come to be valued as an 

invaluable repository of protein, lactose, vitamins, and 

minerals. The general public is beginning to appreciate 

the nutraceutical advantages that come with whey 

components, which makes cancer investigations into 

them a lucrative field. Numerous papers also discussed 

the vast possibilities of whey proteins (WP) in 

conjunction with conventional therapies to treat various 

cancer kinds [5].  

2. Objectives 

Consumer features like convenience, practicality, 

flavour, and nutritional value affect the size of the whey 

drink market. Whey and products derived from it can be 

used to create a variety of beverages with a range of uses 

and functions [6]. Whey-based drinks, like drinkable 

yoghurt, flavoured milk, fruit and vegetable-added 

drinks, etc., play a vital role in this market. Conversely, 

not much additional study has been done on the cancer-

fighting abilities of whey-based beverages on cancer 

cells. Therefore, the goal of the current study was to 

examine the antioxidant and anticancer potential of the 

whey-based beverage powders produced on OC cells by 

the MTT assay.  

3. Methods 

3.1 Preparation of whey-based beverages and 

powders 

The preparation process of these whey-based beverages 

and powders was submitted for a process patent; hence, 

the detailed procedure and data were not disclosed. The 

formulations (T2, T3, and T4) were created through 

multiple rounds of sensory analysis using whey, tomato 

pulp, nendran banana, sesame seed, and flaxseed oil 

cakes sourced from various locations in Mysuru, India. 

T2, T3, and T4 differed in whey and tomato pulp 

proportions. The common ingredients included banana, 

sesame seed, and flaxseed oil cakes. The preparation 

involved blending and pasteurizing the ingredients on a 

lab scale, followed by drum drying. The resulting flakes 

were ground into a fine powder using a mixer grinder and 

stored in airtight bags at -20°C until further use. 

3.2 Antioxidant assay of whey-based beverage 

powders 

The 2,2-Diphenyl-1-picrylhydrazyl (DPPH) method was 

utilized to execute the free radical scavenging activity of 

developed whey-based powders, as demonstrated by 

Blois M with some minor modifications [7]. Samples 

were added in varying quantities (100 to 300 μg mL−1), 

to 2 mL of DPPH (100 µM) and properly mixed. The 

reaction mixture was then made up to 3 mL with 

methanol and left to sit for 45 minutes at room 

temperature in the dark. Using a spectrophotometer 

(Shimadzu UV-1800, Kyoto, Japan) at 517 nm, 

absorbance was measured at the conclusion of the 

incubation time against the blank (no sample or 

standard). The extracts' ability to scavenge free radicals 

was determined and expressed in terms of IC50 values 

and compared to triphala, a conventional antioxidant [8]. 

The percent inhibition was calculated availing the 

Equation (1):  

% DPPH Inhibition = (Absorbance of control-

Absorbance of sample)/(Absorbance of control)×100  (1) 
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3.3 Cell culture and treatment 

The cell line assays were performed by making use of the 

KB OC cell line obtained from the National Centre for 

Cell Science (NCCS), Pune, India, and maintained in 

Dulbecco’s Modified Eagle’s Medium (DMEM) 

supplemented with 10% inactivated foetal bovine serum 

(FBS), penicillin (100 IUmL−1), and streptomycin 

(100μg mL−1) with pH 7.4, in a humidified atmosphere 

of 5% CO2, and at 37°C temperature until confluent. 

3.4 MTT assay of whey-based beverage powders 

The cell viability was tested by the 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide 

(MTT) assay [9]. Firstly, confluent cells were 

trypsinised, and then each well was loaded with 5 × 104 

cells in 100 μL and incubated at 37°C for 24 h (5% CO2). 

The media was removed using a pipette and restored with 

100 μL of DMEM containing different concentrations of 

T2, T3, and T4 whey-based beverage powders as well as 

triphala powder (served as control) with foetal bovine 

serum (10%) and incubated for 24 h. Following the 

treatment period, the medium was discarded from the 

incubated samples, and 100 μL of MTT solution was 

added to each well and the samples were then incubated 

at 37°C for a further four hours. The MTT reagent was 

removed from the wells, and the formazan salts 

generated by living cells were then dissolved by adding 

100 μL of dimethyl sulfoxide (DMSO). The absorbance 

was measured at 590 nm using a microplate reader and 

percent cell viability was calculated according to the 

Equation (2) [10]. 

Cell Viability (%) = (Absorbance of 

sample)/(Absorbance of control)×100              (2) 

3.5 Statistical analysis 

All of the tests were conducted thrice, and the IBM SPSS 

version 26.0 software program for Windows (SPSS Inc., 

Chicago, IL, USA) was used to execute the statistical 

analysis. Mean comparisons by an analysis of variance 

(ANOVA) plus a post hoc Duncan's Multiple Range Test 

(DMRT) were applied to assess significance at p ≤ 0.05.  

4. Results and Discussion 

4.1 Antioxidant assay 

Antioxidants are vital because they counteract free 

radical damage. Whey-based beverages powered by 

tomatoes and other phytosignatures are touted to offer 

antioxidant abilities. The stable, nitrogen-based free 

radical, DPPH, is violet in colour. But by taking an 

electron from the antioxidant molecule, it is reduced to a 

yellow-coloured diphenyl picrylhydrazine radical that 

can be quantified colorimetrically. Consequently, 

antioxidants that are capable of causing this reaction are 

referred to as radical scavengers [11]. The ability to 

scavenge DPPH radicals by the whey-based beverage 

mix was assessed in terms of percent DPPH inhibition 

and IC50 values. The extracts exhibited concentration-

dependent free radical scavenging activity and a 

significant difference (p < 0.05) in the DPPH values both 

between samples and when compared with the control 

triphala. The scavenger activities of each extract were 

compared to triphala's scavenging activity, which was 

used as a positive control for each extract. T2 mix 

showed maximum DPPH free radical scavenging activity 

with 60.85% and lowest with 19.58%. T3 reflected 

maximum activity with 47.89% and the lowest with 

16.83%. In the case of T4, the maximum DPPH free 

radical scavenging activity was 33.85 and the lowest was 

12.55%. The graph represented a significant amount of 

free radical scavenging activity when compared to 

triphala, where its maximum DPPH radical scavenging 

activity was 63.42% and its lowest was 20.20%. Thus, 

among the three, T2 represented the highest DPPH free 

radical scavenging activity, followed by T3, and then the 

least could be seen in T4, as shown in Fig. 1. With respect 

to the IC50 values, the T2 mix exhibited a low IC50 value 

of 320.45±9.17µg mL-1, followed by T3 (427.20±7.17) 

and T4 (616.95±5.38), in which T2 was comparable with 

that of triphala (Table 1). It is possible that the T2 

extract's high concentration of polyphenolic constituents 

such as lycopene, vitamin C, β-carotene, and other 

phenolic constituents combined with the ingredients of 

tomato and nendran banana may contribute to its 

antioxidant activity when compared to its counterparts 

with a lower concentration of these ingredients. Multiple 

research data on antioxidants in extracts that assessed 

different whey-based beverages’ capacity to scavenge 

free radicals ensured the extracts' ability as antioxidants. 

A recent study on whey-based bael fruit beverage 

showed 5.32±0.02 µmol TE/g antioxidant activity by 

DPPH method, whereas guava-flavoured whey beverage 

treatments had an antioxidant activity in the range of 1.6-

4.6% [12,13]. The DPPH results on whey-based amla 
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drinks reported high percent inhibition values ranging 

from 87.23 ± 0.069 to 93.98 ± 0.076 when compared with 

the current study findings [14].  

 

Fig. 1 DPPH FRSA (%) of whey-based beverage mix 
All values are expressed in Mean±SD. T2- Test formulation 2; T3-Test formulation 3; 

T4- Test formulation 4. Bars with same letters are not significantly different by DMRT 

(p < 0.05). 

 

Table 1. DPPH IC50 values of whey-based beverage 

mix 

Samples DPPH activity IC50 (μg mL−1) 

Triphala 279.92± 7.35 

T2 320.45±9.17 

T3 427.20±7.17 

T4 616.95±5.38 

All values are expressed in Mean±SD. T2- Test formulation 2; T3-Test formulation 3; 

T4- Test formulation 4. 

4.2 MTT assay 

OC, the sixth most frequent cancer worldwide, is one of 

the most common types of head and neck malignancies, 

as the literature has extensively documented [15]. In this 

specific study, the cytotoxicity of various whey-based 

beverage powders (T2, T3, and T4) and Triphala was 

evaluated using the MTT assay, and it was found that the 

samples showed anticancer activity against KB OC cells. 

The MTT assay is typically a colorimetric assay 

employed to determine a cell's metabolic activities, such 

as cell viability, loss of cell viability (cytotoxicity), etc., 

wherein living cells transform the MTT yellow salt 

(water-soluble) into insoluble formazan crystals in the 

presence of the nicotinamide adenine dinucleotide 

phosphate (NADPH)-dependent cellular oxido-reductase 

enzyme [16]. A solubilization solution like DMSO can 

be harnessed to dissolve the produced formazan, giving 

it a purple hue and distinctive absorbance, usually 

between 500 and 600 nm. The intensity of the purple hue 

indicates the vitality of the cell and is closely correlated 

with the quantity of cells. From the findings of the assay, 

it was observed that cell viability declined with 

increasing concentrations of the sample. In addition, it 

was noted that 710 μg mL−1 of triphala (control), whereas 

490 μg mL−1 of T2, 550 μg mL−1 of T3, and 800 μg mL−1 

of T4 were needed to reduce KB OC cells' vitality to 50% 

(IC50) of the starting population at 24 h (Fig. 2). Thus, at 

24 h, T2, followed by T3, exhibited lower IC50 values 

against triphala, concluding that formulations T2 and T3 

had better cytotoxic activities in the initial 24 h in 

comparison with the control in the KB cells. These data 

were comparable to the study results of a recent 

experiment on probiotic muskmelon health beverage 

cytotoxicity, reflecting significant decreases in cell 

viability in the concentrations of 50 μL and 100 μL in the 

MCF-7 cell line as well as in the concentrations of 25 μL, 

50 μL, and 100 μL in the HepG2 cell line [17]. Another 

study on the antiproliferative and apoptotic effects of 

probiotic whey dairy beverages on human prostate 

cancer cell lines (PC-3 and DU-145) also showed 

cytotoxic activities against both cell lines [18].These data 

gathered thus point to the deployment of whey-based 

drinks as a potential source for further cancer research, 

acting as a means of increasing whey's value too. Further 

cell line research involving cell cycle and cell death 

analysis can surely contribute towards affirming the 

anticancer potential of the whey-based beverage powders 

under investigation. 
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Fig. 2 Anticancer potential of whey-based beverage 

mix against KB OC cells using MTT assay 
Control- Triphala; T2- Test formulation 2; T3-Test formulation 3; T4- Test formulation 

4. 

Conclusion 

The proposed whey-based formulations showed 

antioxidant and anticancer effects against KB OC cells, 

according to the investigation's findings when taken as a 

whole. Additionally, the MTT cell line analysis revealed 

considerable dose-dependent cytotoxicity towards the 

KB oral cancer cell line in 24 h. This could have a major 

impact on the value of whey and further research into the 

possible anticancer effects of whey tomato-based 

beverages. To confirm these findings and evaluate the 

pharmacokinetics and molecular mechanisms behind the 

observed effects, further cell studies are necessary.  

Declaration of Interest 

Authors have no conflict of interest to declare.  

Acknowledgements 

The first author expresses gratitude to Sri Devaraj Urs 

Academy of Higher Education and Research, Kolar, 

Karnataka, India, as well as CSIR-Central Food 

Technological Research Institute, Mysore, Karnataka, 

India, for assistance in carrying out the research. 

Author contributions 

A.T, M.R and T.V: Conceptualization and design of the 

product development analysis; T.V: Methodology of the 

product development analysis; A.T and M.K.P.K: 

Preparation of product development; A.T, M.R and S.A: 

Conceptualization and design of the cell line analysis; 

A.T and A.K: Collected and contributed data, 

methodology and analysis of cell line data; A.T: 

Procurement of ingredients for product development, 

writing and reviewing manuscript; M.R, S.A and M.S.P: 

Supervision and reviewing the final manuscript. 

References 

1. Budreviciute, A.; Damiati, S.; Sabir, D. K.; Onder, K.; 

Schuller-Goetzburg, P.; Plakys, G.; Katileviciute, A.; 

Khoja, S.; Kodzius, R. Management and Prevention 

Strategies for Non-Communicable Diseases (NCDs) and 

Their Risk Factors. Front. Public Heal.2020, 8 

(November), 1–11. 

https://doi.org/10.3389/fpubh.2020.574111. 

2. Mathur, P.; Sathishkumar, K.; Chaturvedi, M.; Das, P.; 

Sudarshan, K. L.; Santhappan, S.; Nallasamy, V.; John, 

A.; Narasimhan, S.; Roselind, F. S. Cancer Statistics, 

2020: Report From National Cancer Registry 

T2 

IC
50: 490 µg mL

-1

 

T3 

IC
50: 550 µg mL

-1

 

T4 

IC
50: 800 µg mL

-1

 

http://www.jchr.org/


 
 

 

178 

Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2024) 14(2), 173-178 ISSN:2251-6727 

Programme, India. JCO Glob. Oncol.2020, No. 6, 1063–

1075. https://doi.org/10.1200/go.20.00122. 

3. Usman, S.; Jamal, A.; Teh, M.-T.; Waseem, A. Major 

Molecular Signaling Pathways in Oral Cancer 

Associated With Therapeutic Resistance. Front. Oral 

Heal.2021, 1 (January), 1–19. 

https://doi.org/10.3389/froh.2020.603160. 

4. Baracos, V. E. Cancer-Associated Malnutrition. Eur. J. 

Clin. Nutr.2018, 72 (9), 1255–1259. 

https://doi.org/10.1038/s41430-018-0245-4. 

5. Thampy, A.; Palani Kumar, M. K.; Peddha, M. S.; 

Reddy, M. The Effectiveness of Whey Proteins in 

Prevention and Treatment of Cancer : A Review. Crit. 

Rev. Food Sci. Nutr.2022, 0 (0), 1–17. 

https://doi.org/10.1080/10408398.2022.2121256. 

6. RS, Chavan.; RC, Shraddha.; A, Kumar.; T, Nalawade. 

Whey Based Beverage : Its Functionality , Formulations 

, Health Benefits and Applications. J. Food Process. 

Technol.2015, 6 (10), 1–8. https://doi.org/10.4172/2157-

7110.1000495. 

7. Blois, M. S. Antioxidant Determinations by the Use of a 

Stable Free Radical. Nat. 1958 18146171958, 181 

(4617), 1199–1200. https://doi.org/10.1038/1811199a0. 

8. Prasad, S.; Srivastava, S. K. Oxidative Stress and Cancer: 

Chemopreventive and Therapeutic Role of Triphala. 

Antioxidants2020, 9 (1). 

https://doi.org/10.3390/antiox9010072. 

9. Price, P.; TJ, M. Use of the Tetrazolium Assay in 

Measuring the Response of Human Tumor Cells to 

Ionizing Radiation - PubMed. Cancer Res.1990, 50 (5), 

1392–1396. 

10. Murali, M.; Manjula, S.; Shilpa, N.; Ravishankar, D. K.; 

Shivakumara, C. S.; Thampy, A.; Ayeshamariam, A.; 

Pandey, S.; Anandan, S.; Amruthesh, K. N.; Al-

Mekhlafi, F. A.; Kaviyarasu, K. Facile Synthesis of ZnO-

NPs from Yellow Creeping Daisy (Sphagneticola 

Trilobata L.) Attenuates Cell Proliferation by Inducing 

Cellular Level Apoptosis against Colon Cancer. J. King 

Saud Univ. - Sci.2022, 34 (5), 102084. 

https://doi.org/10.1016/j.jksus.2022.102084. 

11. Adjimani, J. P.; Asare, P. Antioxidant and Free Radical 

Scavenging Activity of Iron Chelators. Toxicol. 

Reports2015, 2, 721–728. 

https://doi.org/10.1016/j.toxrep.2015.04.005. 

12. JP, N.; V, R.; Kumar, A.; Singh, S.; Jaipal, M. K.; Dixit, 

A. Development of Protein Enriched Whey-Bael 

Beverage and Its Evaluation for Antioxidant Potential. 

Pharma Innov. J.2023, 12 (1), 254–259. 

https://doi.org/https://doi.org/10.22271/tpi.2023.v12.i1c

.19197. 

13. Silveira, M. R.; Coutinho, N. M.; Esmerino, E. A.; 

Moraes, J.; Fernandes, L. M.; Pimentel, T. C.; Freitas, M. 

Q.; Silva, M. C.; Raices, R. S. L.; Senaka Ranadheera, 

C.; Borges, F. O.; Neto, R. P. C.; Tavares, M. I. B.; 

Fernandes, F. A. N.; Fonteles, T. V.; Nazzaro, F.; 

Rodrigues, S.; Cruz, A. G. Guava-Flavored Whey 

Beverage Processed by Cold Plasma Technology: 

Bioactive Compounds, Fatty Acid Profile and Volatile 

Compounds. Food Chem.2018, 279, 120–127. 

https://doi.org/10.1016/j.foodchem.2018.11.128. 

14. Vitamin, C.; Gandhi, D.; Bhagat, M. Development of 

Whey Drink Enriched With. Int. J. Sci. Res.2023, 12 (4), 

1482–1487. https://doi.org/10.21275/MR23423221020. 

15. Tranby, E. P.; Heaton, L. J.; Tomar, S. L.; Kelly, A. L.; 

Fager, G. L.; Backley, M.; Frantsve-hawley, J. Oral 

Cancer Prevalence , Mortality , and Costs in Medicaid 

and Commercial Insurance Claims Data. Cancer 

Epidemiol. Biomarkers Prev.2022, 31 (9), 1849–1857. 

https://doi.org/10.1158/1055-9965.EPI-22-0114. 

16. Bahuguna, A.; Khan, I.; Bajpai, V. K.; Kang, S. C. MTT 

Assay to Evaluate the Cytotoxic Potential of a Drug. 

Bangladesh J. Pharmacol.2017, 12 (2), 115–118. 

https://doi.org/10.3329/bjp.v12i2.30892. 

17. Krishnaprabha, V.; Ramakrishnan, L.; Vijayaraghavan, 

R.; Unnikrishnan, G. Physiochemical Properties , Anti-

Pathogenic and Anti-Tumour Activity of Whey Based 

Probiotic Muskmelon Health Beverage. Asian J. Dairy 

Food Res.2023, 1–7. https://doi.org/10.18805/ajdfr.DR-

2018.Submitted. 

18. Rosa, L. S.; Santos, M. L.; Abreu, J. P.; Balthazar, C. F.; 

Rocha, R. S.; Silva, H. L. A.; Esmerino, E. A.; Duarte, 

M. C. K. H.; Pimentel, T. C.; Freitas, M. Q.; Silva, M. 

C.; Cruz, A. G.; Teodoro, A. J. Antiproliferative and 

Apoptotic Effects of Probiotic Whey Dairy Beverages in 

Human Prostate Cell Lines. Food Res. Int.2020, 137. 

https://doi.org/10.1016/j.foodres.2020.109450. 

 

http://www.jchr.org/

