




Regional variation of total polyphenol content and dry matter in BOPF black tea from selected Sri Lankan tea-growing regions

Introduction
Tea (Camellia sinensis L.) is one of the most consumed beverages in the world that is popular for both its unique aroma and taste as well as for health benefits. The abundance of polyphenolic compounds present in tea leaves largely contributes to these properties. The predominant secondary metabolites are polyphenols, especially flavanols (catechins), which can make up as much as 30% of the dry weight of the tea. These substances are potent natural antioxidants that are linked to the prevention of several non-communicable diseases because of their capacity to scavenge free radicals. So, the Total Polyphenol Content quantifying is an essential chemical parameter used to evaluate and standardize tea quality.(Zhang et al., 2018)
This study examines the biochemical diversity within Sri Lanka's internationally recognized tea industry, focusing on five different geographical tea regions: Sabaragamuwa, Ruhuna, Uva, Udu Pussellawa, and Dimbula. These regions represent all of Sri Lanka's tea elevations, from the mid- and high-grown hills (Uva, Udu Pussellawa, Dimbula) to the low-grown plains (Ruhuna, Sabaragamuwa).
The Broken Orange Pekoe Fannings (BOPF) grade, which consists of small, broken leaf particles, is the focus of this study. Because of its quick-brewing qualities and use in tea bags and commercial blends, BOPF is one of Sri Lanka's most commercially significant and widely used tea grades. As such, its chemical composition is highly relevant to the mass market.
It is widely recognized that certain agro-climatic factors are the primary contributors to the variation in TPC across these regions. Variations in altitude and elevation result in different environmental conditions: higher elevations, such as Dimbula, usually have lower temperatures and more solar and UV radiation, which can act as stressors and encourage the biosynthetic pathways for polyphenol accumulation as a defense mechanism. On the other hand, higher temperatures and rainfall in lower-grown areas (such as Ruhuna and Sabaragamuwa) have an impact on the plant's growth rate and metabolite partitioning. The distinctive chemical fingerprint of tea from each region is also influenced by regional differences in soil composition, humidity, and particular weather patterns (such as the distinct monsoonal winds that affect Uva tea during certain seasons).(Jayasekera et al., 2011)
Because different regions have similar sensory and chemical traits, it is still difficult to accurately determine the geographical origin of tea. Comprehensive regional datasets based on measurable physicochemical parameters are needed to create an analytical tool that can accurately identify the origin of tea. By producing region-specific baseline data on the dry matter and total polyphenol content of BOPF black tea, this study fills this gap and provides crucial chemical inputs for future integration with color, aroma, caffeine, and multivariate sensing systems.
Materials and Methods
1. Sample collection:
The BOPF grade black tea samples were collected from five of the main regions in Sri Lanka: Sabaragamuwa, Dimbula, Ruhuna, Udu Pussellawa, and Uva. To prevent bias caused by the differences in processing at individual factories, the tea samples were taken from ten different factories in each region, and thus, representative sampling was ensured. All the samples were kept in a dry place before being analyzed. 
2. Determination of Dry Matter Percentage:
The dry matter content of the tea samples was determined according to ISO 1572. The ground samples (0.2 g) were dried in an oven at a temperature of C to a constant weight, and then the percentage of dry matter was calculated for accurate normalization of the analytical results.
3. Determination of Total Polyphenol Content (TPC):
Total polyphenols were determined based on the Folin–Ciocalteu colorimetric method and ISO 14502-1:2005(E). The preparation of tea extracts was done in the same manner for all the samples to make them comparable. The absorbance measurements were done with a UV–Visible spectrophotometer at 765 nm, and the results were given as percentage dry weight (% DW).
Each sample was analyzed in triplicate, and the results are given as mean ± standard deviation (SD). The regional mean values were determined using the data from the ten samples taken from each region.










Results and Discussion

	Region and grade
	TPC (%DW)
	Dry Matter (%)

	Sabaragamuwa -BOPF
	18.98±0.39

	94.60±0.70



	Dimbula-BOPF

	17.62 ±0.92

	90.92± 0.51


	Ruhuna-BOPF
	24.31±1.98


	91.91±0.88


	Udu Pussellawa-BOPF
	19.34±1.35


	92.66±0.72



	Uva-BOPF
	15.38±1.36


	93.85±1.09








The regional differences in total polyphenol content (TPC) of BOPF black tea can be mostly influenced by the agro-climatic factors that have an impact on secondary metabolite production in tea plants. The highest polyphenol content was observed in tea samples from Ruhuna, and this could be connected to the low elevation growing conditions, which are characterized by higher temperatures and relatively intense sunlight exposure. Such environmental conditions can enhance the biosynthesis of polyphenols as a plant defense response to stress. Moreover, the warm weather may speed up the leaf's growth and hence facilitate catechins accumulation, which afterwards through enzymatic oxidation during black tea processing converts into theaflavins and thearubigins, contributing to the higher TPC being measured. On the contrary, the Uva and Dimbula areas had lesser polyphenol contents comparatively. The climatic conditions prevailing in these regions are mostly at high elevation and include cool temperatures and frequent misty conditions. Although such climate settings are given credit for producing teas with unique aroma and flavor, the harshness of the environment, together with the slow metabolic rates and decreased enzymatic activity might be the reasons for the limited polyphenol availability in the cooler climates. Moreover, strong winds in the Uva Region during certain seasons can cause leaf necrosis, which may be one way by which climate leaves its mark on the phenolic synthesis and oxidation patterns. Sabaragamuwa and Udu Pussellawa are the two regions that showed moderate levels of polyphenols, which probably mirror the intermediate agro-climatic conditions. These regions have a problem of consistent rainfall and temperature, which supports stable plant metabolism without causing extreme stress that might result in moderate yet constant phenolic output.


The content of dry matter varied significantly among the regions, with Sabaragamuwa being credited with the maximum value (94.60 ± 0.70 %) and Dimbula with the minimum (90.92 ± 0.51 %). It seems that higher dry matter content may be a result of moisture being removed more effectively during the withering and firing stages of processing, and also different levels of humidity in the surrounding areas during the manufacturing process. The regions that are characterized by higher atmospheric humidity may keep more moisture inside the product, and thus, lower dry matter values are obtained as in the case of Dimbula. Withering, rolling, fermentation, and drying are processing techniques that have a cap on dry matter and polyphenol stability degrees. Over-withering or heavy fermentation could be the reasons for polyphenol degradation, while insufficient drying could be the cause for moisture retention which influences dry matter measurements. Processing variations at the factory level before sampling probably played a role in the regional patterns that were detected, even though standardized laboratory analysis was utilized.
 Other than agricultural and processing factors, there are various elements that can be categorized as the causes of the differences that have been observed. Among them are the genetics of the tea cultivars, picking standards (bud-to-leaf ratio), leaf age, soil nutrient availability, and seasonal harvesting periods. Another factor is microbial activity during fermentation and the conditions of storage before analysis, which can also influence polyphenol stability and moisture retention.

Conclusion
This study presents a clear difference in total polyphenol and dry matter content of Sri Lankan BOPF black tea depending on the region. The tea from the Ruhuna area was characterized by the highest phenolic compounds content along with moderate dry matter, whereas Uva and Dimbula estates were indicated by lower phenolic content irrespective of moisture factors. The joint evaluation of these factors creates a solid chemical foundation for the separation of tea-growing regions. The knowledge of these differences is decisive for the quality assessment of tea, origin verification, and the future development of analytical and sensor-based tools for the regional classification of Ceylon tea.
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