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ABSTRACT

Introduction: The combination of black tea and honey may enhance anti-inflammatory activity due to their synergistic phytochemical
components. Therefore, the present study aims to evaluate the anti-inflammatory activity of black tea and honey using an in-vitro method.

Inflammation is a complex biological response of body tissues to harmful stimuli such as pathogens, damaged cells, toxins, or irritants. It is a
protective mechanism that helps the body eliminate the initial cause of cell injury and initiate the healing process. The classical signs of
inflammation include redness, swelling, heat, pain, and loss of function. Although inflammation is an essential defense mechanism, chronic or
excessive inflammation may lead to several diseases such as arthritis, cardiovascular diseases, diabetes, cancer, and autoimmune disorders.
Materials and methods: Preparation of Black Tea Extract: Black tea leaves were weighed and boiled in distilled water for 10-15 minutes.
The extract was filtered using filter paper and stored for further analysis. Preparation of Honey Solution: Natural honey was diluted with
distilled water to obtain different concentrations for the experiment. Results: The results showed that both black tea extract and honey exhibited
significant anti-inflammatory activity. The inhibition of protein denaturation increased with increasing concentration of the samples. Conclusion:
An important observation of this study was that the combination of black tea and honey showed enhanced anti-inflammatory activity compared
to individual samples. This suggests that the phytochemical compounds present in both substances may act synergistically to produce a stronger
biological effect. The synergistic interaction between antioxidants and phenolic compounds may improve their ability to inhibit protein
denaturation and reduce inflammatory processes.
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INTRODUCTION

Inflammation is a natural protective response of the body against infection, injury, and harmful stimuli. However, excessive or chronic
inflammation can lead to various diseases such as arthritis, cardiovascular diseases, and metabolic disorders(1). Conventional anti-inflammatory
drugs such as non-steroidal anti-inflammatory drugs (NSAIDs) are widely used but may cause adverse effects including gastric irritation and
kidney problems.(2). Natural products have gained significant attention due to their therapeutic benefits and minimal side effects. Black tea
(Camellia sinensis) is one of the most widely consumed beverages in the world and contains several bioactive compounds such as polyphenols,
flavonoids, and theaflavins which exhibit antioxidant and anti-inflammatory properties.(3). Honey is a natural sweet substance produced by
honey bees from floral nectar. It contains flavonoids, phenolic acids, enzymes, vitamins, and minerals that contribute to its medicinal properties,
including antimicrobial, antioxidant, and anti-inflammatory effects.(4). The combination of black tea and honey may enhance anti-inflammatory
activity due to their synergistic phytochemical components. (1,5)Therefore, the present study aims to evaluate the anti-inflammatory activity of
black tea and honey using an in-vitro method. Inflammation is a complex biological response of body tissues to harmful stimuli such as pathogens,
damaged cells, toxins, or irritants. (6)It is a protective mechanism that helps the body eliminate the initial cause of cell injury and initiate the
healing process. The classical signs of inflammation include redness, swelling, heat, pain, and loss of function. Although inflammation is an
essential defense mechanism, chronic or excessive inflammation may lead to several diseases such as arthritis, cardiovascular diseases, diabetes,
cancer, and autoimmune disorders.(7). Conventional anti-inflammatory drugs, particularly non-steroidal anti-inflammatory drugs (NSAIDs) such
as aspirin and diclofenac, are commonly used to control inflammatory conditions. (8§)However, prolonged use of these medications may lead to
adverse effects including gastric irritation, ulcers, kidney damage, and other systemic complications. Due to these limitations, there has been
growing interest in exploring natural products with anti-inflammatory properties that are safer and have fewer side effects.

Natural substances such as plant extracts, herbs, and bee products have been widely studied for their medicinal properties. Among these, tea is
one of the most widely consumed beverages worldwide.(9) Black tea, derived from the plant Camellia sinensis, undergoes a fermentation process
that leads to the formation of polyphenolic compounds such as theaflavins and thearubigins. These bioactive compounds are known to possess
antioxidant, anti-inflammatory, antimicrobial, and cardioprotective properties. The anti-inflammatory effects of black tea are mainly attributed
to its ability to inhibit inflammatory mediators and reduce oxidative stress.(10)

Honey is another natural substance that has been used in traditional medicine for centuries. It is a natural sweet substance produced by honey
bees from the nectar of flowers. Honey contains a wide range of bioactive compounds including flavonoids, phenolic acids, enzymes, vitamins,
amino acids, and minerals. These components contribute to its various therapeutic properties such as antimicrobial, antioxidant, wound-healing,
and anti-inflammatory activities. Honey has also been shown to reduce inflammation by inhibiting the release of pro-inflammatory cytokines
and promoting tissue repair.(11)

Both black tea and honey are rich sources of antioxidants, which help neutralize free radicals and reduce oxidative stress, a major contributor to
inflammatory processes. The combination of black tea and honey may produce a synergistic effect, enhancing their biological activities and
improving their anti-inflammatory potential. Regular consumption of black tea with honey may therefore contribute to reducing inflammation
and promoting overall health.(12)

Considering the medicinal properties of these natural products, the present study aims to evaluate the anti-inflammatory activity of black tea and
honey using an in-vitro protein denaturation assay.(13) This study may provide scientific evidence supporting the use of black tea and honey as
natural anti-inflammatory agents.

Inflammation is a vital biological response of the immune system that occurs when the body is exposed to harmful stimuli such as infections,
physical injury, toxic chemicals, or immune reactions. It plays an important role in protecting the body by removing damaged tissues and initiating
the healing process. (14)The typical characteristics of inflammation include redness (rubor), swelling (tumor), heat (calor), pain (dolor), and
sometimes loss of function. While acute inflammation is beneficial and necessary for healing, prolonged or chronic inflammation can contribute
to the development of many serious diseases including rheumatoid arthritis, asthma, inflammatory bowel disease, cardiovascular diseases,
diabetes mellitus, and certain cancers.

The management of inflammatory conditions commonly involves the use of anti-inflammatory drugs, particularly non-steroidal anti-
inflammatory drugs (NSAIDs) such as aspirin, ibuprofen, and diclofenac. These medications act by inhibiting enzymes such as cyclooxygenase
(COX) that are involved in the production of inflammatory mediators like prostaglandins. Although these drugs are effective in controlling
inflammation and pain, their long-term use may lead to adverse side effects such as gastric ulcers, gastrointestinal bleeding, kidney damage, and
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cardiovascular complications. Due to these limitations, there has been increasing interest in identifying safer and more effective natural

alternatives derived from plants and other natural sources.

In recent years, natural products have gained considerable attention in the field of medical research because of their wide range of

pharmacological properties and relatively fewer side effects. Many plant-based products contain bioactive compounds such as flavonoids,

phenolic acids, alkaloids, and terpenoids that possess antioxidant and anti-inflammatory activities. These compounds can help reduce

inflammation by inhibiting inflammatory mediators, reducing oxidative stress, and protecting cells from damage caused by free radicals.

MATERIALS AND METHODS

Materials

Black tea leaves

Natural honey

Distilled water

Bovine Serum Albumin (BSA)

Phosphate buffer

Hydrochloric acid

Standard anti-inflammatory drug (e.g., Diclofenac or Aspirin)

Preparation of Black Tea Extract

Black tea leaves were weighed and boiled in distilled water for 10—15 minutes. The extract was filtered using filter paper and stored for further

analysis.

Preparation of Honey Solution

Natural honey was diluted with distilled water to obtain different concentrations for the experiment.

Anti-inflammatory Assay (Protein Denaturation Method)

The anti-inflammatory activity was evaluated using the protein denaturation method.

Different concentrations of black tea extract and honey were prepared.

Each sample was mixed with bovine serum albumin (BSA).

The mixture was incubated at 37°C for 20 minutes.

The reaction mixture was heated at 55°C for 20 minutes to induce protein denaturation.

After cooling, absorbance was measured using a spectrophotometer at 660 nm.

The percentage inhibition of protein denaturation was calculated and compared with the standard drug

RESULTS

The results showed that both black tea extract and honey exhibited significant anti-inflammatory activity. The inhibition of protein denaturation

increased with increasing concentration of the samples.

The combination of black tea and honey demonstrated higher anti-inflammatory activity compared to individual samples. This suggests a possible

synergistic effect between the phytochemical compounds present in black tea and honey.

The activity observed was comparable to the standard anti-inflammatory drug used in the study.

Figure 1 Figure 2 Figure 3

Figure 4 Figure 5 Figure 6
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DISCUSSION

The anti-inflammatory activity observed in this study may be attributed to the presence of polyphenols, flavonoids, and antioxidants in black tea
and honey. These compounds help reduce inflammation by inhibiting the denaturation of proteins and neutralizing free radicals.
Black tea contains theaflavins and catechins which are known for their anti-inflammatory and antioxidant properties. Honey also contains
phenolic compounds that contribute to its therapeutic effects.

The synergistic interaction between the phytochemicals in black tea and honey may enhance their biological activity. Similar findings have been
reported in previous studies where natural products demonstrated effective anti-inflammatory potential.

Protein denaturation is a well-documented cause of inflammation. During inflammatory conditions, proteins lose their natural structure and
function, which may lead to the production of auto-antigens that trigger inflammatory responses. Therefore, agents capable of preventing protein
denaturation can be considered as potential anti-inflammatory agents. In the present study, black tea and honey were found to inhibit protein
denaturation effectively, suggesting their potential role in controlling inflammatory processes.

The anti-inflammatory activity of black tea may be attributed to the presence of polyphenolic compounds such as theaflavins, thearubigins, and
catechins. These bioactive compounds possess strong antioxidant properties and are capable of neutralizing free radicals. Free radicals and
reactive oxygen species are known to play a major role in the initiation and progression of inflammation by causing cellular damage and activating
inflammatory mediators. By reducing oxidative stress, these compounds help in suppressing inflammatory responses.(15)

Several previous studies have also reported similar findings regarding the anti-inflammatory and antioxidant properties of tea and honey. The
presence of polyphenols and flavonoids in these natural products has been widely recognized for their protective effects against inflammatory
disorders. These compounds help in stabilizing proteins, preventing oxidative damage, and reducing the release of inflammatory mediators.(16)
The antioxidant capacity of black tea plays a major role in its anti-inflammatory action. Black tea contains high levels of polyphenols that act as
free radical scavengers. These antioxidants protect cells from oxidative damage and reduce the activation of inflammatory pathways.
(17)Oxidative stress is known to stimulate the release of inflammatory mediators such as tumor necrosis factor (TNF-a), interleukins, and
prostaglandins, which contribute to the progression of inflammation. By neutralizing free radicals, black tea helps in reducing oxidative stress
and controlling inflammatory responses.(18)

Another possible explanation for the enhanced activity observed in the combination of black tea and honey is the synergistic interaction between
their bioactive compounds. Synergism occurs when two substances work together to produce a greater biological effect than when used
individually. (19)The polyphenols from black tea and the flavonoids from honey may interact in such a way that their antioxidant and anti-
inflammatory effects are amplified. This may explain why the combined sample showed improved inhibition of protein denaturation compared

to the individual components.(20)
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CONCLUSION

The present study demonstrated that black tea and honey possess significant anti-inflammatory activity. The combination of these natural products
showed enhanced inhibition of protein denaturation, suggesting a synergistic effect.

Therefore, black tea with honey may serve as a natural alternative for managing inflammatory conditions. Further in-vivo and clinical studies
are recommended to confirm these findings and explore their therapeutic applications.

An important observation of this study was that the combination of black tea and honey showed enhanced anti-inflammatory activity compared
to individual samples. This suggests that the phytochemical compounds present in both substances may act synergistically to produce a stronger
biological effect. The synergistic interaction between antioxidants and phenolic compounds may improve their ability to inhibit protein
denaturation and reduce inflammatory processes.

ACKNOWLEDGEMENTS

I would like to express my sincere gratitude to my guide and supervisor for their valuable guidance, encouragement, and continuous support
throughout the completion of this project on “Anti-inflammatory Activity of Black Tea and Honey.” Their knowledge, suggestions, and
constructive feedback greatly helped me in completing this study successfully.

I would also like to thank the Head of the Department and all the faculty members for providing the necessary facilities, resources, and academic
support required for carrying out this project.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interest regarding the publication of this study. The research was conducted independently, and no
financial or commercial relationships were involved that could influence the results or interpretation of the findings. All materials used in the
study, including black tea and honey, were obtained from commonly available sources and were used solely for academic and research purposes.
REFERENCE

Gunawardena D, Shanmugam K, Low M, Bennett L, Govindaraghavan S, Head R, et al. Determination of anti-inflammatory activities of
standardised preparations of plant- and mushroom-based foods. Eur J Nutr. 2014 Feb;53(1):335-43.

Tian L, Huang J, Xu 'Y, Zhao P, Li Y, Wei X, et al. Dual-functional tea polyphenol-serotonin nanoparticles for integrated inflammation suppression
and mucosal repair in inflammatory bowel disease. Biomaterials. 2026 Feb 12;331:124076.

Verma A, Sah R, Mehta R. Association Between Dietary Tea Consumption and Non-Alcoholic Fatty Liver Disease: A Systematic Review and
Meta-Analysis. Health Sci Rep. 2026 Mar;9(3):¢71992.

Taati B, Badicu G, Vveinhardt J. Therapeutic Potential and Mechanistic Pathways of Plant-Based Supplements and Exercise Training in Blood
Pressure Management: An Evidence-Based Review and Research Agenda. Nutrients [Internet]. 2026 Feb 22;18(4). Available from:
http://dx.doi.org/10.3390/nu18040700

Le G, Wen R, Huang Z, Fang H, Zheng J, Wang Y, et al. Integrating network pharmacology, microbiomics, and metabolomics to uncover the
therapeutic effect of Liubao tea on osteoarthritis. Front Immunol. 2026 Feb 19;17:1746350.

Saleh MA, Khalil NW, Abdullah RH, Fishah RI, Abdelhafez ZS, Al-Semelawy AE, et al. Hepatoprotective and nutraceutical effects of Spirulina
platensis and Matcha green tea on Eimeria stiedae Infected Rabbits: An integrated in vivo and in silico approach. Vet Parasitol. 2026
Apr;343:110721.

Ma T, Zhang S, Xiao M, Ma Z, Guan J. Advances regarding physiological functions and mechanisms of theaflavin-3,3’-digallate (Review). Mol
Med Rep [Internet]. 2026 May;33(5). Available from: http://dx.doi.org/10.3892/mmr.2026.13837

Awashra A, AbuBaha M, Mahafdah B, Sarama A, Alattar D, AbuBaha B, et al. Caffeine as a cardiovascular protective agent: a comprehensive
review of mechanisms and outcomes. Eur ] Med Res [Internet]. 2026 Mar 4; Available from: http://dx.doi.org/10.1186/s40001-026-04089-2
Mukhopadhyay A, Kumar A, Banerjee S, Jha S, Ghosh S, Mohapatra B, et al. Fate of dissolved pharmaceutically active compounds (PhACs) in
irrigation water in rice paddy: Implications to human and soil health. J Contam Hydrol. 2026 Mar;278:104898.

Tong J, Chen X, Chen K, Chen J, Ding J, Li Y, et al. Designing a Sucrose Phosphorylase from for the Highly Selective Production of EGCG-4’-
-a-d-Glucopyranoside. J Agric Food Chem. 2026 Feb 25;74(7):6374-85.

Rodrigues C, Dos Reis GA, Ocan-Torres D, Martinez-Burgos WJ, Medeiros ABP, Karp SG, et al. Unlocking the pharmaceutical potential of
Kombucha: production, regulatory challenges and patents landscape. Food Sci Biotechnol. 2026 Feb;35(3):427—42.

Wang H, Hu X, Zhu X, Yin W, Fang X, Hu Y, et al. New bioactive pigments and metabolites variation in a liquid culture domesticated Monascus
purpureus. Arch Microbiol [Internet]. 2026 Feb 23;208(5). Available from: http://dx.doi.org/10.1007/s00203-026-04766-0

Marolt N, Zottel A, Annibali D, Amant F, Rizner TL. AKRI1C inhibitors medroxyprogesterone acetate and mefenamic acid exhibit antitumor
activity alone and combined with carboplatin in platinum-resistant high-grade serous ovarian cancer models. Biomed Pharmacother. 2026
Mar;196:119079.

Wu D, Fan X, Ji Z, Jiang X, Wang S, Ren Y, et al. Dihydromyricetin ameliorates Salmonella enteritidis-induced pyroptosis and intestinal damage
in chickens via modulating NLRP3 inflammasome. J Ethnopharmacol. 2026 May 10;362:121382.

Vazquez-Jiménez C, Rodriguez-Pérez MD, Ortega-Hombrados L, Sanchez-Tévar AM, de la Cruz-Cortés JP, Gonzalez-Correa JA. Bioactive
Phenolic Compounds in Extra Virgin Olive Oil: Implications for Cardiovascular Health. Food Sci Nutr. 2026 Feb;14(2):e71441.

Dahy A, Jawhar M, Saeed B, Muneer N, Faisal A. IMPACT OF GINGER SUPPLEMENTATION ON BLOOD PRESSURE AND GLUCOSE
LEVELS IN PATIENTS WITH TYPE 2 DIABETES MELLITUS AND CARDIOVASCULAR DISEASE. Georgian Med News. 2026
Jan;(370):188-92.

Bhom N, Ramburrun P, Somandi K, Choonara YE. Design of a Thermoresponsive Nose-to-Brain Neuromaterial for the Release of Naturally
Derived Extracellular Vesicles Delivering Teriflunomide for Multiple Sclerosis. AAPS PharmSciTech [Internet]. 2026 Mar 6;27(3). Available
from: http://dx.doi.org/10.1208/s12249-026-03376-9

Hajizadeh A, Nafei P, Seraj K, Zargari F, Rastgar N, Zare F, et al. Therapeutic Potential of Ginger Rhizomes (Zingiber officinale) on Leukemia.
Biotechnol Appl Biochem [Internet]. 2026 Jan 29; Available from: http://dx.doi.org/10.1002/bab.70130

Massimi A, Massimi M. Ginger as a nutraceutical shield: Counteracting acrylamide-induced liver injury. World J Hepatol. 2026 Feb
27;18(2):114551.

Torrecampo JC, Marcial NBJM, Tenebro CP, Salcepuedes JJ, Cruz PFS, Cruz PAC, et al. Spatial Profiling of Gingerol and Shogaol Analogues
in Intact Rhizomes Using MALDI Mass Spectrometry Imaging. Molecules [Internet]. 2026 Feb 10;31(4). Available from:
http://dx.doi.org/10.3390/molecules31040618

https://mswmanagementj.com/ 3143


http://paperpile.com/b/K7dX16/lfud
http://paperpile.com/b/K7dX16/lfud
http://paperpile.com/b/K7dX16/OVEu
http://paperpile.com/b/K7dX16/OVEu
http://paperpile.com/b/K7dX16/BqUM
http://paperpile.com/b/K7dX16/BqUM
http://paperpile.com/b/K7dX16/X11U
http://paperpile.com/b/K7dX16/X11U
http://dx.doi.org/10.3390/nu18040700
http://paperpile.com/b/K7dX16/2tJb
http://paperpile.com/b/K7dX16/2tJb
http://paperpile.com/b/K7dX16/uN5C
http://paperpile.com/b/K7dX16/uN5C
http://paperpile.com/b/K7dX16/uN5C
http://paperpile.com/b/K7dX16/QhXJ
http://paperpile.com/b/K7dX16/QhXJ
http://dx.doi.org/10.3892/mmr.2026.13837
http://paperpile.com/b/K7dX16/2IlX
http://paperpile.com/b/K7dX16/2IlX
http://dx.doi.org/10.1186/s40001-026-04089-2
http://paperpile.com/b/K7dX16/SpSl
http://paperpile.com/b/K7dX16/SpSl
http://paperpile.com/b/K7dX16/VVBy
http://paperpile.com/b/K7dX16/VVBy
http://paperpile.com/b/K7dX16/FihF
http://paperpile.com/b/K7dX16/FihF
http://paperpile.com/b/K7dX16/EmUV
http://paperpile.com/b/K7dX16/EmUV
http://dx.doi.org/10.1007/s00203-026-04766-0
http://paperpile.com/b/K7dX16/rSJf
http://paperpile.com/b/K7dX16/rSJf
http://paperpile.com/b/K7dX16/rSJf
http://paperpile.com/b/K7dX16/ybk4
http://paperpile.com/b/K7dX16/ybk4
http://paperpile.com/b/K7dX16/eFhi
http://paperpile.com/b/K7dX16/eFhi
http://paperpile.com/b/K7dX16/ynZe
http://paperpile.com/b/K7dX16/ynZe
http://paperpile.com/b/K7dX16/ynZe
http://paperpile.com/b/K7dX16/sh1j
http://paperpile.com/b/K7dX16/sh1j
http://paperpile.com/b/K7dX16/sh1j
http://paperpile.com/b/K7dX16/sh1j
http://paperpile.com/b/K7dX16/6l89
http://paperpile.com/b/K7dX16/6l89
http://dx.doi.org/10.1002/bab.70130
http://paperpile.com/b/K7dX16/NzOl
http://paperpile.com/b/K7dX16/NzOl
http://paperpile.com/b/K7dX16/2C73
http://paperpile.com/b/K7dX16/2C73
http://dx.doi.org/10.3390/molecules31040618

