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Abstract 
 Laboratory experiment was conducted to study the biochemical and quality parameters of tea i.e. 
Polyphenol, Theaflavin (TF), Thearubigin (TR), Caffeine, Lipid, Total ash, Chlorophyll, Moisture content 
etc. under different variables designed for age, topography, and processing system imposed on an established 
tea orchard. Results revealed that plant age and topography do not have any significant effect on most of the 
studied parameters. In case of plant age, tannin is found to be significantly higher in mature tea plant (39.35 
ppm) whereas young plant showed significantly lower total sugar content (28.98 ppm). In case of land 
elevation, significantly higher tannin (37.41 ppm) and lower carotenoid content (0.74 mg/g) were evident in 
plants from kunchi topography where flat topography showed significantly higher total sugar (26.62 ppm) in 
leaves. The handmade tea flavoured with significantly higher amount of polyphenol (58.57 ppm) and caffein 
(43.30 ppm) but industry made tea showed significantly higher amount of tannin (37.65 ppm), total sugar 
(15.25 ppm) and TF:TR (1:10).  
 

Introduction 
 Tea (Camellia sinensis (L.) O. Kuntze) is a popular health beverage in the world, produced 
from the leaves of evergreen shrub. Tea is the second most popularly consumed non-alcoholic 
beverage (Khizar et al. 2015) which is one of the important functional foods. It becomes a leading 
cash crop in modern world agriculture with boosting production and of cultivating area (Dutta      
et al. 2010). Being native to the humid tropics and subtropics, it can also be grown in a wide range 
of climatic conditions and soils. Geographical areas that receive an annual rainfall of at least 1200 
mm per year and have a mean average temperature of 30°C along with soil pH 4.5-5.6 are the 
most favorable for growth and cultivation of tea (Hajiboland 2017). The quality and quantity of tea 
depend on a variety of factors, including different cultural practices, climate, altitude, season, the 
type and age of the plant and process involved in preparing tea (Rahman et al. 2014, Khizar et al. 
2015). Black teas from higher altitude resulted in higher levels of TFs and its fractions, aroma 
composition, and water extract while crude fiber remained unaffected (Muthumani et al. 2013). In 
most tea growing regions, younger tea plantations have been associated with higher productivity 
while declining or stagnant yields are observed in older plantations (Illukpitiya et al. 2004).  
Normally with aging roots become woodier, crowded and less effective for uptake and transport of 
water along with nutrients and result in variation/decrease in yield, quality, and chemical 
composition (Kibblewhite et al. 2014). As one of the pedogenic factors, topography can be an 
important and effective factor on yield and quality of crop performance through affecting water 
distribution and soil properties in different landscape positions (Yaghmaeian et al. 
2020). Elevation has a major effect on the quality of tea. As elevation increases, the growth rate of 
the shoot decreases. Factors that contribute towards slower growth at high altitudes also lead to 
improved quality of tea (Owuor et al. 1990). 
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 Processing methods of tea resulted in variation in chemistry and quality parameters. 
Weathering, fermentation, drying, grading etc. are the different processes involved in tea 
manufacturing (Zhu et al. 2015). All the stages are associated with several chemical reactions 
which determine the quality of tea (Teshome 2019). Polyphenolic compounds are the 
quantitatively major component of tea leaves and are mainly responsible for the unique character 
of different processed teas according to its degree of fermentation (Khalesi et al. 2014). In North 
Bengal of Bangladesh, teas are largely cultivated in farmer level and due to lack of mechanization 
they use handmade tea to fulfill their thirst for divine drinks. Therefore, preparation of tea may be 
categorized as handmade tea, semi-manual tea, factory processed tea. Most of the processing is 
done by hand along with the help of natural sunlight. The tea processing strategies possesses 
significant effect on the taste and chemical composition of tea (De Mejia et al. 2009). Optimum 
fermentation conditions and duration are best for sensory quality and the highest content of TFs.  
     Very little information are available about how chemical constituents’ profile and quality 
parameters change in relation to preparation procedure and plant age. Therefore, the aim was to 
study effects of land topography, age of tea bushes and tea preparation procedure on physical and 
biochemical parameters as well as the quality of made tea.   
 
Materials and Methods 
     The quality determining experiment was carried out at the laboratory of Department of Food 
Engineering and Tea Technology (FET), Shahjalal University of Science and Technology (SUST), 
Sylhet. Tea shoots comprising apical bud and subtending two leaves were harvested from the main 
farm of BTRI (Bangladesh Tea Research Institute), Moulvibazar, Bangladesh. The experimental 
sections were categorized according to the bush ages as (i) Young (0 to 5 years), ii) Mature (5 to 
40 years) and iii) Old (above 40 years) and topographic position of the plantation viz. (i) Flat (38m 
from MSL, Mean Sea Level), (ii) Tillah (70 m from MSL) and iii) Kunchi (92 m from MSL). 
Chlorophyll contents of tea shoots were measured using the method suggested by Wellburn 
(1994).Total polyphenols were estimated spectrophotometrically using method of Dev-Choudhury 
and Goswami (1983). Total theaflavins (TF) and thearubigins (TR) were estimated by method of 
Roberts and Smith (1963) and crude lipids were measured gravimetrically by the method of 
Ravichandran and Parthiban (2000). Tannin content and caffeine were determined using method 
of Amorim et al. (2008) and Maidon et al. (2012), respectively. Total ash was determined 
according to AACC (2000) method. Total sugar was estimated according to Hedge and Hofreiter 
(1962). The scavenging effect of tea extract on DPPH radical was estimated according to the 
method of Chan et al. (2007). Water extract was estimated by following the methods reported by 
the AOAC (2005). The whole experiment was carried out in the replication system. The 
experimental data were statistically analyzed by IBM SPSS Statistics version 20 statistical 
software and mean values are adjusted by Duncan’s Multiple Range Test (DMRT) at 5% level of 
significance.  
 
Results and Discussion 
 The tests were triplicated for each sample and the contents of chemical constituents were 
calculated based on the dry weight. The Chlorophyll a, Chlorophyll b and Carotenoids were found 
to range from 3.94 to 9.72, 3.03 to 6.39 and 0.73 to 1.28 mg/g, respectively. Similar types of 
values of photosynthetic pigments were observed by Mamun et al. (2016) in fresh leaves. The 
principal product of chlorophyll degradation are therefore pheophorbides and pheophytins, which 
lead to the dark color of black tea. Fig. 1 shows that there exists no significant variation of 
photosynthetic pigments due to age variation in standing crop. In case of topographic position, the 
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kunchi and tillah plantation scored significantly higher amount of chlorophyll a and carotenoid 
than that of flat plantation. Table 1 shows that, there exists no significant variation in polyphenol 
and caffeine content among the plantation relating to age and topographic position separately. On 
the other hand, handmade tea possessed highest polyphenol content (58.57 ppm) than semi-
manual (42.19 ppm) and industry made tea (36.18 ppm). The caffeine content of handmade and 
semi manual tea was also significantly higher than that of industry made tea. The reason might be 
that handmade tea did not go through with high temperature oriented mechanical process which 
could bring biochemical changes in leaves at withering period. As a result, polyphenols retained 
themselves from being converted to TF and TR (Owuor and Obanda 1996). The tannin content in 
matured, young and old plantation were 39.35, 38.30 and 33.43 ppm, respectively where in tillah, 
flat and kunchi were 34.04, 31.12 and 37.41 ppm, respectively. Similar types of scores of tannin 
content were also observed by Ahmad et al. (2016). 
 

 
Fig. 1. Effect of age of plant (A) and land topography (B) on the photosynthetic pigments’ contents of leaves. 
 
 In case of processing system, tannin content of semi-manual and industry made tea was 
significantly of higher amount than that of handmade tea. The sugar content of matured plantation 
was significantly higher than that of young plantation. Sugar content in flat plantations was 
significantly higher than that of rest two categories of elevation. It was also found that there exists 
no significant difference in TF, TR, TF : TR, HPS, TLC, CI level among the plantations 
considering age and topographic position. Total liquor color depends on the quantity of TF and TR 
content as they are responsible for briskness and brightness and color and strength, respectively 
(Owuor and Obanda 2001). The TF content in industry made tea scored significantly higher 
amount than that of handmade and semi manual tea. This might be due to the variation in 
conversion of polyphenol with different processing system. The TF: TR ratio of made tea was 
found optimum in processed tea whereas others merely fluctuated or deviated. Relating to TF and 
TR content the tea sample exhibit respective HPS, TLC and CI. From Table 2, it is apparent that 
there exists no significant variation in the scavenging effect at a concentration level of 0.2 mg/ml. 
At 0.4 and 0.6 mg/ml concentration level, the scavenging effect of the matured plantation was 
significantly higher than that of the rest two plantations.  The scavenging effect of the matured 
plantation was higher. This might be due to the higher tannin content which with protein and 
alkaloids together can scavenge. The scavenging effect tangentially related to the antioxidant 
content present in the sample.   
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Table 1. Effect of plant age, topography and processing system on the biochemical traits and quality of 
tea samples. 

 

Parameter Sample Polyphenol 
(ppm) 

Caffeine  
(ppm) 

Tannin       
(ppm) 

Total sugar 
(ppm) 

Plant age Young 42.39 ± 3.97a 44.65 ± 1.82a 38.30 ± 4.45 a,b 28.98 ± 3.88b 
Matured 48.95 ± 8.29a 44.75 ± 0.89a 39.35 ± 0.61a 40.07 ± 3.16a 
Old 40.18 ± 4.72a 43.77 ± 0.52a 33.43 ± 1.96b 35.20 ± 2.56 a,b 

Topographic 
position 

Flat 38.98 ± 12.92a 50.74 ± 4.61a 34.04 ± 2.75b 26.62 ± 6.37a 

Tillah 31.29 ± 6.28a 52.08 ± 1.00a 31.12 ± 0.76b 11.65 ± 1.77b 

Kunchi 37.06 ± 10.67a 49.70 ±  2.6a 37.41 ± 0.61a 17.39 ± 7.50b 

Processing 
system 

Handmade 58.57 ± 1.97a 43.30 ± 1.38a 29.46 ± 0.5b 7.18 ± 0.22c 

Semi-manual 42.19 ± 0.75b 42.00 ± 1.14a 38.84 ± 1.54a 19.58 ± 1.08a 

Industry made 36.18 ± 2.08c 31.02 ± 1.28b 37.65 ± 1.57a 15.25 ± 1.01b 

Right side of Table 1. 
TF (%) TR (%) TF:TR HPS (%) TLC (%) Color Index 

0.86 ± 0.26a 7.91 ± 2.52a 1:9.24 13.09 ± 1.31a 6.94 ± 4.06a 4.92 ± 1.14a 
0.87 ± 0.46a 8.75 ± 4.33a 1:10.25 11.11 ± 0.74a 7.99 ± 4.73a 4.23 ± 1.55a 
0.66 ± 0.32a 8.30 ± 2.42a 1:11.13 12.44 ± 2.41a 4.48 ± 0.34a 3.41 ± 2.25a 
1.03 ± 0.42a 11.40 ± 2.05a 1:11.08 13.93 ± 3.10a 4.91 ± 1.34a 5.5 ± 1.67a 
0.80 ± 0.16a 7.62 ± 1.73a 1:9.29 15.95 ± 3.79a 5.68 ± 0.30a 3.45 ± 0.93a 
0.78 ± 0.04a 7.95 ± 1.45a 1:10.13 18.21 ± 4.11a 5.04 ± 0.94a 3.26 ± 0.23a 
0.79 ± 0.16c 7.33 ± 1.34a 1:9.21 8.79 ± 1.37a 2.18 ± 0.19b 5.92 ± 0.45a 
0.80 ± 0.11b 9.16 ± 0.78a 1:11.38 7.31 ± 0.54 a,b 2.69 ± 0.39a 2.83 ± 0.23b 
0.84 ± 0.051a 8.45 ±  0.60a 1:10.00 6.54 ± 0.41b 2.92 ± 0.03a 2.53 ± 0.72b 

 

Values are expressed as Mean ± SD, different letter(s) are significantly different by DMRT (p > 0.05). 
 

Table 2. Scavenging effect of different aspects of tea samples. 
 

Parameter 
 
 

Sample 
 

Scavenging effect (%) 
0.2  

(mg/ml) 
0.4  

(mg/ml) 
0.6 

(mg/ml) 
Plant age Young 94.94 ± 1.65a 97.07 ± 0.06b 98.06 ± 0.07b 

Mature 94.97 ± 0.86a 97.75 ± 0.23a 98.87 ± 0.01a 

Old 88.90 ± 6.11a 96.33 ± 0.08c 98.06 ± 0.08b 

Topographic 
position 

Flat 92.89 ± 0.73b 97.9 ± 1.02b 97.9 ± 1.20b 

Tillah 95.96 ± 0.85a 99 ± 0.33a 99 ± 0.87a 

Kunchi 80.96 ± 1.03c 97.26 ± 1.52b 95.65 ± 2.03c 

Processing  
system 

Hand made 95.22 ± 0.21a 97.57 ± 0.09a 98.33 ± 0.26a 

Semi-manual 94.27 ± 0.70 a,b 95.75 ± 0.19b 97.85 ± 0.01a 

Industry made 93.32 ± 0.20b 91.32 ± 0.34c 91.02 ± 0.16b 

 

Values are expressed as Mean ± SD, different letter(s) are significantly different by DMRT (p > 0.05). 
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 In every concentration level the scavenging effect significantly higher in tillah plantation. 
The reason might be as the volatile content tends to go upward which reduces attack of pest and 
insects. Similarly, the scavenging effect was much more prominent in hand made tea than rest two 
processing. The reason might be due to the contribution of polyphenol and tannin content. Similar 
types of score were observed by Chowdhury et al. (2016) in fresh tea leaves. 
 Samples show lipid content between 6.582 and 8.18%. Ash levels range was 5.76 to 7.11% in 
the analyzed samples (Fig. 2). Rahman et al. (2014) found similar types of result in different green 
long tea samples. In analysis, no significant differences were observed in lipid and ash content 
among the samples of each category of plant age, topography and processing system separately. It 
is evident that for good quality tea the lipid contents and ash content should be lower in amount 
(Selvendran et al. 1978, Ahmed et al. 1989). The results of scores of moistures presented in Table 
3 show that the range was 0.52 to 5.06%, which is similar with the findings of Harler (1964). 
According to Kumar et al. (2005), the variation in the moisture may be attributed to the degree of 
drying type and nature of tea involved. The water extract was laid between 14.04 and 20.39%. No 
significant variation was observed in moisture, dry matter and water extract among the samples of 
age and topographic categorization separately whereas in case of processing system semi manual 
tea scored significantly higher amount of water extract percentages and significantly lower amount 
of moisture and dry mater percentages.  
 

 
Fig. 2. Effect of age of plant (A), topography (B) and processing system (C) on lipid and ash content in tea 

samples. 
 
 There is a significant effect of plant age, topography and processing system on the 
biochemical traits and quality of tea. The plant age and topographic position influenced the 
parameters like tannin content, total sugar and scavenging effect where no significant variation 
was observed for rest of the parameters. It is evident that color, appearance, flavor and liquoring 
characteristics jointly constitute the tea quality. So, it can be concluded that considering useful 
constituents and quality tea leaves can be collected from any of the plantations and more 
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specifically considering the scavenging effect leaves can be collected from the matured plantation. 
Among the topographical positions, Tillah contain the high amount of polyphenol, caffeine, 
antioxidant, ash content, chlorophyll b and low amount of reducing sugar, total lipid and tannin 
content. In processing system, the handmade tea possesses significantly higher amount of 
polyphenol, caffeine, and antioxidant capacity. But all other qualities were found to be better in 
industry made tea.  
 
Table 3. Moisture, Dry matter and Water extract of different tea samples. 
 

Parameter Sample Moisture (%) Dry matter (%) Water extract (%) 
Plant age Young 3.88 ± 0.46a 96.12 ± 0.46a 20.39 ± 2.55a 

Mature 4.18 ± 0.41a 95.82 ± 0.41a 19.59 ± 1.47a 
Old 5.06 ± 1.65a 94.94 ± 1.65a 18.88 ± 2.24a 

Topographic 
position 

Flat 0.82 ± 0.45a 99.18 ± 0.45a 20.38 ± 2.08a 

Tillah 0.52 ± 0.36a 99.48 ± 0.36a 19.59 ± 1.18a 

Kunchi 0.94 ± 0.28a 99.06 ± 0.28a 18.88 ± 1.83a 

Processing 
system  

Handmade 3.99 ± 1.18a 96.82 ± 1.35a 14.04 ± 0.09c 

Semi-manual 1.51 ± 0.34b 98.82 ± 0.34b 20.28 ± 1.18a 

Industry made 3.71 ± 1.13a 96.42 ± 1.26a 18.42 ±  0.91b 

 

Values are expressed as Mean ± SD, different letter(s) are significantly different by DMRT (p > 0.05). 
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