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Abstract
Catechins and theaflavins (TFs) contribute to quality and health benefits of tea beverages. Catechins are converted mainly to TFs and thearubigins during fermentation. TFs form in quadratic manner reaching maximum levels then decline. It is not documented if the decline is due to depletion of some catechins. The changes in catechins and TFs were assessed over long fermentation duration. Individual catechins declined (p0.05) with fermentation durations following exponential and/or power functions (p0.01), the decline being faster in clone 6/8 than S15/10. Individual TFs increased (p0.05) with fermentation duration in quadratic patterns (p0.01) reaching maximum after different durations in different clonal patterns. Depletion rates of catechins varied with clones and individual catechins. Large quantities of residual catechins remained in black teas after 70–120 minutes fermentation, thereby contributing to quality and human health benefits. Individual TFs reaching maximum levels at different times. No catechin was exhausted even after long fermentation duration.	Comment by Dede Mahdiyah: The abstract contains the research objectives, brief methods, results, and conclusions. 

However, there is no information regarding:

Statistical methods (e.g., experimental design, software). And Practical implications / novelty statement.
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Tea beverages processed from the young tender shoots of Camellia sinensis L. O. Kuntze, are among the most consumed fluids (Piyasena et al., 2025) due to their unique refreshing taste, briskness and flavour (Wang et al., 2022; Zohora & Arefin, 2022) and high antioxidant (Huda et al., 2024; Yan et al., 2020) and beneficial (Huda et al., 2024; Pan et al., 2022) pharmacological (Huda et al., 2024; Samanta, 2022) activities to human health. These health benefits have been attributed mainly to the polyphenolic components in tea, mainly catechins ((flavan-3-ols and flavan-3- gallates) in green and oolong tea and theaflavins (TFs) in oolong and black tea (Samanta, 2022; Shitandi, 2025). The catechins and theaflavins have strong antioxidant (Weiwei Wang et al., 2023) and radical scavenging (Ahmad et al., 2023; Wei Wang et al., 2023) activities, although some studies have also claimed the side effects of these components to human health (Jain et al., 2013).
Catechins are astringent (Liu & Tzen, 2022; Ye et al., 2022) and therefore contribute to green tea quality (Jakabová et al., 2024; Radeva-Ilieva et al., 2025), while residual levels also contribute to taste and quality of black teas (Chen et al., 2025; Lu et al., 2025). However, black tea quality studies have generally ignored the contribution of catechins to black tea quality as it has been assumed the catechins are depleted during the fermentation phase of black tea processing. The young tender shoots of the tea plant contains up to over 20% catechins on dry weight basis (Jin et al., 2014; Yue et al., 2022). The tender shoots of tea have five major catechins (Figure 2), namely simple catechin (C), epigallocatechin (EGC), epicatechin (EC), epicatechin gallate (ECG) and epigallocatechin gallate (EGCG) (Figure 1). Combination of a gallocatechin and non-gallocatechin produce mainly the four theaflavins (Table 1). The order of radical scavenging activities of the catechins is EGCG > ECG > EGC > EC = C (Hung et al., 2021; Zheng et al., 2021). The contribution of the individual catechins to taste and quality of tea are therefore different. During fermentation in black tea processing, the catechins are converted TFs, thearubigins (TRs) and highly polymerised polyphenolic products.
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	Figure 1: The Flavan-3-ols and esters in tea leaves



Table 1: Catechins forming different theaflavins
	Epicatechin (EC) + epigallocatechin (EGC)
	
	TF

	EC + epigallocatechin gallate (EGCG)
	
	TF-3-g

	Epicatechin gallate (ECG) + EGC
	
	TF-3’-g

	ECG + EGCG
	
	TF-3, 3’-dg



Theaflavins are important in black tea as their levels have been associated with quality in some black tea (Owuor, 2014; Shitandi, 2025). However, such association were less successful for total theaflavins teas from certain regions, until a normalising factor accounting for the differential contribution to taste and astringencies of the individual theaflavins, theaflavin digallate equivalent (TFDGeq), was used to evaluate the relationship (Owuor & Obanda, 2007; Owuor et al., 2006). Four major theaflavins (simple theaflavin (TF), theaflavin-3-gallate (TF-3-MG), theaflavin-3’-gallate, (TF-3’-MG) and theaflavin-3,3’-digallate (TFDG)), (Figure 2), are produced during black tea fermentation. The individual theaflavins have different astringencies and therefore do not contribute to taste and astringency equally (Sanderson et al., 1976). TFDG is 6.4 times while TF-3-MG and TF-3’-MG are 2.22 more astringent than TF (Sanderson et al., 1976). TFDGEq normalises the contributions of the individual theaflavins (Owuor & McDowell, 1994). With the use of the normalised TFDGEq, significant relationship was established for teas from both countries the previously did not show relationship between total theaflavins (total TF) and those that were showing the relationships (Owuor et al., 2006).
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	Figure 2: The theaflavins of black tea



Earlier studies attempting to optimise fermentation time during black tea processing demonstrated that total TFs formed in quadratic patterns (Owuor & Reeves, 1986). However, use of in-line theaflavins analysis or fermentation in made tea could not successfully optimise fermentation time. It was subsequently demonstrated that, although the individual theaflavins all formed in quadratic patterns, each reached maximum level at different times (Owuor & McDowell, 1994). It was however, not documented if the reaching maximum the reaching the maximum levels occurred due to complete exhaustion/depletion of some individual catechins responsible for the formation of the particular theaflavins (Table 1). The catechins are depleted faster in the early stages of fermentation but lowly in towards the end (Deka et al., 2021; Hua et al., 2022). It has not been evaluated if the formation of maximum individual TFs followed by a decline (Owuor & McDowell, 1994) could be due to complete exhaustion/depletion of one or both catechins responsible for the formation of the individual TFs. There has been no effort to generate functions to help predict if and when and the different catechins would be exhausted during fermentation process.
In Kenya, fermentation duration is normally between 70 and 120 minutes during processing of black tea, depending on environmental conditions, especially temperature and humidity of the factory (Owuor, 2014). Such black tea still possess high amounts of catechins (Obanda et al., 1996). Depending on fermentation conditions, these black teas could be possessing high levels of catechins. Consequently, the residual catechins would be conferring beneficial pharmacological effects on black teas, also contributing the quality black tea. The purpose of this study was to compare the depletion of catechins and production of the individual theaflavins in a fast and a slow fermenting clonal tea over extended fermentation duration. It also assessed if some individual catechins get depleted during fermentation duration causing lack of production of further theaflavins during black tea fermentation process.

2.1	Experimental
Leaf for manufacture were obtained from commercial clonal field plantations at the KALRO, Tea Research Institute Kericho (altitude 2180 m above mean sea level and latitude 0 22’ South). The plants were under normal field management (TGHB). Plucking was done at the recommended two leaves and a bud (Othieno, 1988). Clones TRFK 6/8, a high quality clone usually used as reference standard and AHP S15/10, the highest yielding clone in Kenya (Oyamo, 1992) were used. Manufacturing was replicated six times using randomised complete block design. For each clone, 25kg of green leaf was obtained. The leaf was withered to 70% wither (Owuor et al., 2019) for 14 hours. The withered leaf was divided into 21 portions. A replicate consisted of seven samples. The leaf was miniature CTC macerated and fermented for 0, 30, 60, 90, 120, 150, and 180 minutes, then fired (dried) using a miniature tea dryer (TeaCraft).
The unsorted manufactured black teas were subjected to chemical analyses. Total theaflavins was determined using Flavognost method (Hilton, 1973), while individual theaflavins (Owuor & Obanda, 2007; Owuor et al., 2006) and catechins (Kimutai et al., 2016) were determined by hplc. The individual catechins were quantified using gallic acid as a standard (Kimutai et al., 2016). The hplc peak areas of the individual theaflavins were used to partition the total theaflavins into the individual theaflavins and to calculate TFDGEq (Equation 1) (Owuor, 2014; Owuor & McDowell, 1994).
TFDGeq =  +  +   + TFDG …. Eq. 1
The obtained results were subjected to analysis of variance using GenStat programme and regressions between the levels of parameters were performed using Excel programme.
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In both clones, the individual catechins and gallic acid declined (p  0.05) with increase in fermentation duration (Table 2). Similar decline had been observed in previous studies (Deka et al., 2021; Hua et al., 2022; Kimutai et al., 2016), but without determining whether some catechins were being completely depleted/exhausted during fermentation process. The decline in the catechins with fermentation duration followed (p  0.01) both power and exponential functions (Table 3). The order of rate of decline of the individual catechins was EGCG > EGC > ECG >> EC >> C >> GA in both clones. However, the rates of decline in the individual catechins were higher in clone TRFK 6/8 than AHP S15/10, although the decline rates were almost similar for gallic acid in both clones. In black tea processing, clone AHP S15/10 in classified as a slow fermenting clone (Owuor, personal observation), and these slower rates of decline in the catechins explain in part the classification of the clone as a slow fermenter. The polyphenol oxidase activities differences of the two clones were, however not investigated and this too, could be contributing factor to the differences in rates of decline patterns.
The redox potentials of the individual catechins vary with the gallocatechins having lower redox potentials than non-gallocatechins (Bajaj et al., 1987). Similar order was followed in the rates of decline of the catechins in both clones (Table 3). The gallocatechins were depleted at faster rates than the simple catechins. These results demonstrate that clones that are richer in gallocatechins will ferment faster provided polyphenol oxidase activity is not limiting.
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Table 2: Changes in residual individual flavan-3-ols (%) with fermentation duration (minutes) during CTC black tea manufacture
	Fermentation time
	Gallic acid
	Epigallocatechin
	Catechin
	Epicatechin
	Epigallocatechin gallate
	Epicatechin gallate
	Total catechins

	
	6/8
	S15/10
	6/8
	S15/10
	6/8
	S15/10
	6/8
	S15/10
	6/8
	S15/10
	6/8
	S15/10
	6/8
	S15/10

	0
	0.73
	0.73
	4.76
	3.37
	1.16
	0.93
	1.73
	1.04
	9.55
	7.78
	2.96
	2.69
	20.14
	15.75

	30
	0.76
	0.80
	2.42
	1.78
	0.97
	0.86
	1.19
	0.80
	4.69
	4.10
	2.15
	1.93
	11.43
	9.49

	60
	0.64
	0.66
	1.64
	1.32
	0.77
	0.79
	0.63
	0.53
	1.97
	1.44
	1.51
	1.38
	6.28
	5.46

	90
	0.49
	0.58
	1.28
	1.16
	0.67
	0.61
	0.40
	0.36
	1.26
	0.77
	0.99
	1.14
	4.69
	4.07

	120
	0.44
	0.46
	1.23
	0.92
	0.59
	0.48
	0.33
	0.20
	0..93
	0.68
	0.82
	0.80
	3.96
	3.08

	150
	0.41
	0.40
	1.16
	0.85
	0.55
	0.44
	0.24
	0.19
	0.85
	0.63
	0.73
	0.69
	3.53
	2.80

	180
	0.36
	0.37
	1.09
	0.74
	0.47
	0.42
	0.21
	0.15
	0.68
	0.53
	0.67
	0.63
	3.20
	2.47

	CV (%)
	11.5
	11.7
	23.4
	14.2
	13.5
	14.4
	20.1
	23.4
	25.6
	33.3
	0.21
	0.19
	13.4
	15.3

	LSD, (p0.05)
	0.07
	0.08
	0.53
	0.24
	0.12
	0.11
	0.16
	0.13
	0.87
	0.89
	12.9
	12.1
	1.20
	1.11



Table 3: Regression equations for the depletion of the flavan-3-ols with fermentation time 
	Parameter
	Power function

	
	TRK 6/8
	AHP S15/10

	
	Regression
	Rates of decline
	Regression
	Rate of decline

	Gallic Acid
	y = 0.8546x-0.397, (R² = 0.8454)
	dy/dx = -0.339
	y = 0.8836x-0.389, (R² = 0.7796)
	dy/dx = -0.344

	Epigallocatechin
	y = 4.2621x-0.765, (R² = 0.9606)
	dy/dx = -3.261
	y = 3.1992x-0.759, (R² = 0.9924)
	dy/dx = -2.428

	Catechin
	y = 1.2417x-0.462, (R² = 0.9727)
	dy/dx = -0.573
	y = 1.0733x-0.454, (R² = 0.8723)
	dy/dx = -0.487

	Epicatechin
	y = 2.0679x-1.15, (R² = 0.9713)
	dy/dx = -2.378
	y = 1.3413x-1.063, (R² = 0.9272)
	dy/dx = -1.426

	Epigallocatechin gallate
	y = 10.147x-1.423, (R² = 0.9849)
	dy/dx = -14.439
	y = 8.3105x-1.494, (R² = 0.9598)
	dy/dx = -12.416

	Epicatechin gallate
	y = 3.3107x-0.826, (R² = 0.9713
	dy/dx = -2.735
	y = 3.0123x-0.783, (R² = 0.9704)
	dy/dx = -2.359

	Total catechins
	y = 20.256x-0.99 (R² = 0.9867)
	dy/dx = -20.053
	y = 16.668x-1 (R² = 0.9899)
	dy/dx = -16.668

	
	Exponential function

	Gallic Acid
	y = 0.898e-0.133x, (R² = 0.9481)
	dy/dx = -0.119
	y = 0.9446e-0.135x, (R² = 0.9357) 
	dy/dx = -0.128

	Epigallocatechin
	y = 4.0597e-0.221x, (R² = 0.796)
	dy/dx = -0.897
	y = 3.1618e-0.228x, (R² = 0.8923)
	dy/dx = -0.721

	Catechin
	y = 1.2725e-0.147x, (R² = 0.9771)
	dy/dx = -0.187
	y = 1.1287e-0.151x, (R² = 0.9578)
	dy/dx = -0.170

	Epicatechin
	y = 2.1698e-0.363x, (R² = 0.9583)
	dy/dx = -0.788
	y = 1.4604e-0.345x, (R² = 0.9714)
	dy/dx = -0.504

	Epigallocatechin gallate
	y = 10.094e-0.432x, (R² = 0.903)
	dy/dx = -4.361
	y = 8.0952e-0.448x, (R² = 0.86)
	dy/dx = -3.627

	Epicatechin gallate
	y = 3.4003e-0.258x, (R² = 0.9442)
	dy/dx = -0.877
	y = 3.1362e-0.248x, (R² = 0.9724)
	dy/dx = -0.778

	Total catechins
	y = 19.949e-0.297x (R² = 0.8873)
	dy/dx = -5.925
	y = 16.773e-0.306x (R² = 0.9226)
	dy/dx = -5.133


Note: R2 values were significant (p 0.001), except galloc acid power function (p  0.01), y = parame1er, x = time (minutes), rates = mole/minute 


It had been observed that clones rich in gallocatechins, especially EGCG produced superior quality black teas (Owuor & Obanda, 2007). The significant exponential and power functions responses observed, demonstrate that the individual catechins do not get exhausted/depleted completely even after long fermentation duration. As a result black teas will always have residual catechins. Indeed, previous studies revealed large amounts of residual catechins in Kenyan (Obanda et al., 2001; Obanda et al., 1996) and Chinese (Chen et al., 2021) black teas. With fermentation durations of between 70 and 120 minutes commonly practiced in most Kenya factories, the residual amounts of catechins in black teas can be high. Black tea in Kenya is produced largely from Camellia sinensis var. Assamica (Wachira et al., 2001). Such black teas can have high amounts of residual catechins (Obanda et al., 2001; Obanda et al., 1996). The black teas, especially those produced from Camellia sinensis var. Assamica with high catechins contents (Fang et al., 2021) have the potential to have high residual catechins content (Obanda et al., 2001; Obanda et al., 1996) and are also conferring the beneficial pharmacological activities (Huda et al., 2024; Yan et al., 2020) to black tea consumers while at the same time contributing to black tea quality (Chen et al., 2025; Lu et al., 2025).
The total theaflavins content of black tea is an important parameter that has been extensively associated with black tea quality. Indeed, significant relationship between total TF and sensory evaluation were demonstrated in some black teas (Owuor, 2014; Wright et al., 2002). Although such relationships were less successful for Kenyan  and Sri Lanka  black teas (Owuor, 2014), when the contributions of the individual theaflavins were normalised to take into consideration the relative astringencies of the individual theaflavins using TFDGeq (Owuor & McDowell, 1994) significant relationships were demonstrated between sensory evaluation and TFDGeq (Owuor et al., 2006) for both black teas whose relationship between total theaflavins were previously not related (Owuor, 2014) and those that were correlated (Wright et al., 2002). This confirmed that theaflavins are indeed reliable parameter that can estimate black tea quality if used correctly. The changes in total TF, individual theaflavins and TFDGeq with time is presented in Table 4. These parameters changed (p0.05) with fermentation durations. The responses were quadratic in patters (p0.01) (Table 5), as had been observed in previous studies (Owuor & McDowell, 1994; Owuor & Reeves, 1986). However, the order of reaching maximum TFDG>TF>TF-3’-MG>TF-3-MG in clone TRFK 6/8, and TF>TF-3’-MG > TFDG>TF-3-MG in clone AHP S15/10 (Table 5). The difference in order was attributed to clonal differences in composition of the catechins (Fang et al., 2021; Jin et al., 2014; Kwach et al., 2013) which transformed to the theaflavins and possibly difference in polyphenol oxidase activities. The developments of the TFs were slower in clone AHP S15/10 than in clone TRFK 6/8. Since the individual theaflavins formed at different rates in different clones (Table 5) the composition of theaflavins even in a single clone will vary depending on the fermentation duration. Tea varieties vary in their levels of total catechins/polyphenolic compounds levels (Fang et al., 2021) and composition of individual catechins (Fang et al., 2021; Jin et al., 2014). The catechins content had been used as potential quality indicators for making black tea (Liang et al., 2003; Owuor & Obanda, 2007). The results presented demonstrate that black tea quality of clones with similar total catechins levels, will be different depending on the composition of the original composition of individual catechins in green tea (Owuor et al., 2019). The results demonstrate that total catechins per se can only be used as reliable indicator of potential black tea quality when fermentation duration is optimised to produce high TFDG.


Table 4: Changes in levels of total and individual theaflavins (mol/g) due to fermentation duration (minutes) in clone TRFK 6/8 CTC processing
	Fermentation time
	Total theaflavin
	Theaflavin
	Theaflavin-3-gallate
	Theaflavin-3’-gallate
	Theaflavin-3,3’-digallate
	Theaflavin digallate equivalent

	
	6/8
	S15/10
	6/8
	S15/10
	6/8
	S15/10
	6/8
	S15/10
	6/8
	S15/10
	6/8
	S15/10

	0
	1.40
	1.69
	0.59
	0.62
	0.40
	0.49
	0.25
	0.31
	0.16
	0.26
	0.47
	0.64

	30
	11.58
	8.06
	6.07
	2.46
	3.35
	2.12
	2.95
	1.55
	2.21
	1.93
	5.34
	3.59

	60
	20.88
	10.60
	7.54
	2.69
	5.68
	3.13
	3.97
	1.78
	3.69
	3.00
	8.22
	5.12

	90
	18.59
	11.44
	6.31
	3.60
	5.66
	3.13
	3.07
	1.57
	3.54
	3.11
	7.56
	5.30

	120
	17.09
	11.61
	5.53
	2.49
	5.36
	3.70
	2.84
	1.77
	3.36
	3.60
	7.07
	5.87

	150
	15.26
	11.05
	4.78
	2.31
	4.84
	3.53
	2.53
	1.67
	3.11
	3.40
	6.41
	5.50

	180
	11.472
	10.28
	3.58
	2.48
	3.68
	3.32
	1.89
	1.48
	2.31
	3.21
	4.81
	5.28

	CV (%)
	5.4
	3.3
	7.2
	43.5
	7.4
	16.5
	15.2
	15.2
	8.7
	17.1
	6.0
	11.8

	LSD, (p0.05)
	0.90
	0.35
	0.42
	1.22
	0.36
	0.54
	0.45
	0.26
	0.23
	0.53
	0.40
	0.62



Table 5: Regression equations for the relative formation of individual theaflavins and fermentation time
	
	Clone 6/8
	Clone S15/10

	Parameter
	Equation
	Time at maximum (min)
	Equation
	Time at maximum (min)

	Theaflavin
	y = -0.519x2 + 4.3088x - 1.94 (R² = 0.7508)
	106.7
	y = -0.1719x2 + 1.5567x - 0.41 (R² = 0.7219)
	116.8

	Theaflavin-3-gallate
	y = -0.421x2 + 3.814x - 2.6986 (R² = 0.9526)
	116.5
	y = -0.1662x2 + 1.7538x - 0.9171 (R² = 0.9653)
	135.5

	Theaflavin-3’-gallate
	y = -0.262x2 + 2.2015x - 1.0657 (R² = 0.7377)
	108.0
	y = -0.095x2 + 0.8936x - 0.2271 (R² = 0.7937)
	121.0

	Theaflavin-3,3’-digallate
	y = -0.2733x2 + 2.4695x - 1.7857 (R² = 0.9364)
	101.0
	y = -0.1773x2 + 1.8606x - 1.2529 (R² = 0.9735)
	134.9

	Theaflavin digallate Equivalent
	y = -0.5918x2 + 5.2346x - 3.4057 (R² = 0.9002)
	113.7
	y = -0.2925x2 + 3.0004x - 1.68 (R² = 0.9587)
	132.0

	Total theaflavins
	y = -1.4751x2 + 13.008x - 8.7749 (R² = 0.8938)
	122.1
	y = -0.6255x2 + 6.1738x - 2.9386 (R² = 0.9485)
	126.9


Note: x=0, 30, 60, 90, 120, 150, 180 are equivalent 1, 2, 3, 4, 5, 6 in the equations. y = parameter, x = time (minutes), all R2 values  0.6960 significant (p 0.01), 0.8554 significant (p  0.001)

TFDGEq had been demonstrated to be a better estimator of black tea quality than total TF (Owuor & Obanda, 2007; Owuor et al., 2006). The TFDGeq and total TF reached maximum levels after different fermentation durations in both clones but in different orders (Table 5). In TRFK 6/8 TFDGeq reached maximum ahead of total TF. While the reverse was observed in clone AHP S15/10. These observations explain why total TF per se or their use in in-line theaflavins analysis (Owuor & Reeves, 1986) were unsuccessful in correctly estimating correct optimum fermentation duration in black tea processing.
Although, the individual TFs reached maximum, then declined, there were still residual catechins in the fermenting “dhool”. No catechin was depleted/exhausted demonstrating the lack of apparent increase in the individual TFs was not due to absence of the catechins. During fermentation, the formed TFs also undergo transformations to TRs and other highly polymerised products during fermentation process (Long et al., 2023). During fermentation, the polyphenols in tea also bind and deactivate polyphenol oxidase (Chen et al., 2024; Tang et al., 2023). With long fermentation duration, the activity of polyphenol oxidase could be very low and the enzyme may not be effectively converting the catechins to TFs. These factors could lead to faster degradation of TFs than production of new TFs leading to decline after reaching maximum levels.
Past studies had concluded that green teas had more antioxidant activities than black teas (Kaur et al., 2015), due to their relatively higher contents of catechins, especially epigallocatechin gallate (Jin et al., 2014). Most green tea are processed from Camellia sinensis var. Sinensis while CTC black tea are predominantly produced from Camellia sinensis var. Assamica (Sabhapondit et al., 2012). This is due to high levels of catechins in variety Assamica compared to variety Sinensis (Sabhapondit et al., 2012). In Kenya, duration of fermentation in CTC black tea processing ranges from 70 to 150 minutes, depending on altitude of the factory and prevailing environmental conditions, especially temperatures (Owuor et al., 2019; Samanta et al., 2015). In both clones used, duration of the fermentation controlled both theaflavins and residual catechins in black tea. For the range of fermentation times (70 to 120 minutes) commonly used in most factories, the levels of theaflavins and residual catechins were high as also noted in earlier study (Obanda et al., 2001; Obanda et al., 1996). Such black teas confer both beneficial pharmacological activities of theaflavins (O’Neill et al., 2021; Sánchez et al., 2020) and catechins (Baranwal et al., 2022; Ganeshpurkar & Saluja, 2020). Indeed, the catechins and theaflavins have similar pharmacological activities, especially antioxidant (Leung et al., 2001), anticancer (Lung et al., 2004) and antimicrobial (Friedman et al., 2006) activities. Again, although most black tea quality have ignored the contribution of catechins to taste and quality of black tea, it is demonstrated that at fermentation durations commonly used in black tea processing, the residual catechins levels are high and are therefore making appreciable contributions to the taste and quality of black teas. The beneficial health aspects/pharmacological activities arising from consumption of black teas are therefore arising from presence of catechins and TFs (Huda et al., 2024; Pan et al., 2022), although thearubigins (TRs) (Long et al., 2023) have also been documented to possess antioxidant activities.
Conclusion : Rates of depletion of the catechins varied with clones and individual catechins, but no catechin was completely depleted even after extended fermentation duration of 180 minutes in both fast and slow fermenting clones. There were high residual levels at the 70 – 120 minutes of fermentation commonly used during black tea processing. Residual catechins therefore play useful roles in black tea quality and contribution to human health. The TFs formed in quadratic patterns with individual TFs reaching maximum levels at different times in both clones, but attained maximum levels followed by decline were not due to complete depletion of one or both the catechins responsible for their formation. It is possible the competing oxidation of TFs to TRS and other polymeric products are responsible for the decline in the TFs.
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