[bookmark: _Hlk212029295][bookmark: _Hlk215328616]Effect of Drying Temperature on the Chemical, Sensory and Microbial attributes of Black Tea from Brophyllum pinnatum and Lemon Grass Flavoured with Clove. 





Abstract
Drying is the most imperative stage in tea processing, as many compounds are either lost, formed, or transformed. This study investigated the effect of different drying temperatures on black tea produced from Bryophyllum pinnatum and lemon grass flavoured with cloves. The black tea was processed via washing, withering, rolling, and fermentation for 3 hours at room temperature. Then subjected to different drying temperatures. The samples were divided into six at varying ratios (85:10:5, 75:20:5) and oven dried at 50,60 and 70 ℃. Commercial Lipton black tea served as the control. The samples were evaluated for phytochemicals, vitamins, sensory and microbial properties. The phytochemical composition of the black tea samples reduced as drying progressed from 50 - 70℃ and ranged from (1.06 – 4.10 mg/100g) for alkaloids, saponins (0.11 – 0.22 mg/100g), terpenoids (7.30 – 14.95 mg/100g), phenols (3.63 – 3.66 mg GAE/g) and flavonoids (1.51 – 2.98 mg CAE/g). Low temperature drying (50℃) significantly (p < 0.05) increased the vitamin A (14.92 mg/100g), B1 (11.60 mg/100g) and vitamin C (224.85 mg/100g) compositions of sample BLCA (85:10:5). In contrast, drying at 60 and 70℃ caused a progressive reduction in the vitamin compositions of the tea samples. The microbial analysis revealed that higher temperature drying (70℃) reduced the total viable and mould count from 20.46×101 to 9.83×101 cfu/g and 10.26 to 28.40×101 cfu/g, respectively. The sensory scores revealed that the black tea sample BLCA (85:10:5 dried at 50℃) was the most preferred when compared to the commercial brand (Lipton tea). This shows that low temperature drying of 50℃, conserves the chemical, nutritional and organoleptic properties of black herbal teas. This study depicts that black tea rich in antioxidant properties and vitamins could be produced from underutilized plant sources (Bryophyllum pinnatum, lemon grass and cloves) other than Camellia sinensis.
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[bookmark: _Hlk212120417]Introduction
[bookmark: _Hlk214200856]Consumers are now generally more focused on how foods and diet prevent, cure many ailments and promote human health. Due to unawareness and underutilization of indigenous herbs which can prevent various illnesses, nutritional ailment is now the order of the day. A fast-growing area of research is that of functional foods and nutraceuticals also known as foods with physiological or health benefits (Sharma et al., 2024). However, among teas that have a significant impact on human health are tisanes or herbal teas, which are produced by infusing or boiling leaves, flowers, roots, seeds, bark, or fruits from plants other than the leaves of Camellia sinensis. They are usually consumed for their antioxidant and anti-inflammatory effects, which are rich in polyphenols, flavonoids, and other phytochemicals, thus reducing the incidence of chronic diseases (Zhou et al., 2024). Herbal teas, being caffeine-free, provide a better option with unique benefits such as relaxation, digestive improvement, and immune system support. Hence, offering caffeine-free options addresses health concerns associated with high caffeine intake (Tazi et al., 2024). The main active components of tea are polyphenols, which makes up about 25% of the dry weight. Polyphenols found in herbal tea include catechin, gallic acid, (−) gallocatechin, sinapinic acid, caffeic acid, (−) epicatechin, gallocatechin, chlorogenic acid, ellagic acid, and corilagin, among others (Gao et al., 2020).  Depending on the extent of fermentation and the process of production, tea can be generally graded into green tea, white tea, yellow tea, oolong tea and black tea (Zhu et al., 2020). The most popular tea in the world, is black tea and it is appreciated for its distinctive orange-red infusion with nice flavour and low astringency (Zhao et al., 2024). 
[bookmark: _Hlk212113419]Black tea consumption has been associated with improved endothelial health and enhanced blood vessel function due to its antioxidative, anti-inflammatory, and gut microbiota-modulating properties (Yilmaz, 2025). Several indigenous herbs have been employed in herbal teas, which include: Cloves, Cinnamon leaves, lemon grass, Scent leaves, Hibiscus sabdariffa, Peppermint, Ginger, Lemon, moringa oleifera leaves, and other indigenous herbs. Bryophyllum pinnatum and lemon grass (Cymbopogon citratus) to treat various ailment. 
Bryophyllum pinnatum, also known as air plant, love plant, miracle leaf and life plant belongs to the family of Crassulaceae. Dhumane et al. (2024) stated that the plant is recognized for its antimicrobial, anti-inflammatory, antitumor, antiulcer, insecticidal, antidiabetic, and antioxidant properties. It contains diverse ranges of macronutrients (magnesium, calcium, potassium, sodium, and phosphorus) and micronutrients (ascorbic acid, riboflavin, thiamin, niacin and zinc) as well as alkaloids, flavonoids, tannins, phenolic compounds, and saponin glycosides (Sharma and Chauhan, 2018).
Cymbopogon citratus (lemon grass) belongs to ‘Poaceae’ family. It is an aromatic, and perennial plant with green leaves. Its leaves are used as flavoring agent in major foods like herbal teas, frozen desserts, and meat products. Lemon grass has a wide range of medicinal properties and can be used for treating cold, cough, fever, headache, abdominal pain, stomach-ache, and rheumatic pain because of its phytochemical constituents. It is also known for its antidiuretic, antimicrobial, mood enhancer, anti-inflammatory, antidepressant, and sedative activities (Abdullah et al., 2023).
Clove (Syzygium aromaticum) a natural aromatic spice, is obtained from the flower buds of the clove and has been used for centuries in various cuisines and traditional medicine because of its unique flavour. They are rich in volatile oil with a variety of health-promoting pharmacological properties (Khan et al., 2023). Cloves also possess phenolic compounds which include Gallic acid, eugenol and eugenol acetate. They are good source of vitamins, minerals, dietary fibers, and possess some health benefits such as are analgesic, antiseptic, anti-inflammatory, antioxidant and antibacterial effect (Aluko et al., 2021). Some phytochemicals such as saponins, flavonoids, phenolic acids, alkaloids, tannins, steroids, resins, and glycosides have also been identified in clove buds (Mostafa et al., 2023). 
The organoleptic and nutritional properties of tea leaves are well imparted by the processing temperature used. Drying plays a crucial role in the production of black tea by influencing both shelf life and quality. It is necessary to modify the drying temperature according to leaf thickness, dryer type, as well as the desired balance between aroma, antioxidant and moisture reduction. (Aaqil et al., 2023). Blending these underutilized plant sources (Bryophyllum pinnatum, lemongrass, and clove), is intended to create a functional black tea, rich in bioactive compounds that would provide synergistic effects that may boost immunity, improve digestion, and protect against chronic diseases. Notably, this study is therefore geared towards assessing the impact of drying temperatures on the phytochemical, vitamins, microbial and sensory profile of black teas made from Bryophyllum pinnatum, lemon grass and clove.
Materials and methods 
[bookmark: _Hlk214201397]Materials 
Fresh leaves of Bryophyllum pinnatum and lemon grass (Cymbopogon citratus) was harvested from a residence in Amawbia, Awka south, Anambra state. Clove (Syzygium aromaticum) was obtained from Eke-Akwa market, Awka, Anambra state. The samples after harvesting were immediately transferred under aseptic conditions to the Department of Food Science and Technology Laboratory, Nnamdi Azikiwe University, Awka, for processing. A commercial black tea (Lipton) was purchased from Eke-Awka market to serve as a control. All equipment and chemicals used were of analytical grade.
Experimental Design
A completely randomized design was used for this research. Bryophyllum pinnatum leaves, lemon grass (Cymbopogon citratus) was divided into double portions at different concentrations, after which they were subjected to different drying temperatures from 50 to 70 while the cloves were kept constant at 5%. Lipton black tea was used as a control.
Table 1.   Experimental design for the production of black tea
	Sample codes     
	Bryophyllum pinnatum        
	Lemon grass
	Clove  
	Drying   temperature  

	BLCA
	85
	10
	5
	50℃

	BLCB
	75
	20
	5
	50℃

	BLCC
	85
	10
	5
	60℃

	BLCD
	75
	20
	5
	60℃

	BLCE
	85
	10
	5
	70℃

	BLCF
	75
	20
	5
	70℃

	BLCG
	Lipton black tea 
	
	
	



Methods 
Production of black tea
The tea powder was processed according to an orthodox black tea processing method described by Okafor and Ogbobe (2015). The plant materials were carefully inspected to remove foreign materials, weighed, washed using potable water and drained at room temperature. The drained leaves were allowed to wither for 12 hours at room temperature. During withering, the moisture content is reduced and the leaves become pliable, facilitating the rolling process. The leaves were rolled using a tea rolling machine. After rolling, the leaves were evenly spread on a tray, covered with a polypropylene bag and allowed to ferment for 3 hours at room temperature. The fermented leaves were evenly spread on a rectangular tray and placed in a hot-air oven. Drying temperature of 50, 60 and 70 were used. The dried leaves were rolled coarsely using a laboratory blender while the cloves were washed, dried at 50℃ using a dehydrator for 10 minutes and milled. The cloves were then added to the tea samples and packaged in tea bags, which were stored in a hermetically sealed container for further analysis. 
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Fig.1:   Production of black tea from Bryophyllum pinnatum and lemon grass leaves flavoured with clove. Source: Okafor and Ogbobe (2015).
Chemical analysis 
Determination of Phytochemicals
Determination of alkaloids
[bookmark: _Hlk211426002]The alkaloids of the tea samples were determined according to the method outlined by Harborne (1976). The sample was weighed (1.0 g) using electric weighing balance into a 250 ml beaker and 100 ml of 10 % acetic acid in ethanol was added to the sample and covered. The mixture was allowed to stand for four hours for proper extraction to take place. The sample was filtered with filter paper and the extract was concentrated on a water bath to one quarter of the original volume. A volume, 20 ml of ammonium hydroxide was added drop wisely to form precipitate of the alkaloid in the filtrate. The filtrate was weighed with NH4OH and filtered. The filter paper was weighed before using it to filter. After filtering, the filter paper and the precipitate were dried in an oven at 40 and weighed. The alkaloid content was determined using the following formula given in equation (1) below.
Concentration of alkaloid =                                                                                 
Where W1 = weight of empty filter paper 
           W2= weight of the alkaloid and filter paper
           W3 = weight of sample used
Determination of saponins
[bookmark: _Hlk211426052]The saponins content was determined according to the standard method of AOAC (2010). A quantity of (1.0 g) of the sample was weighed using an electric weighing balance into 250 ml conical flask and soaked with 100 ml of 20 % ethanol for three (3) minutes and heated for three hours at 55℃ for proper extraction then filtered. The residue was reextracted with another 100 ml of 20 % ethanol. The two extracts will be combined and heated to 40 ml at 90 °C on a water bath. The concentrate will be transferred into a 500 ml separating funnel and 20 ml of diethyl ether was added and shaken vigorously; the upper layer will be discarded. The purification process was repeated and 60 ml of butanol was added, the lower layer was discarded, while the upper layer was collected. The combined butanol extract was washed with 10 ml of 5 % aqueous NaCl and the lower layer was discarded while the upper layer was collected in a weighed beaker and heated to dryness. The beaker was allowed to cool in desiccators and re-weighed. The saponin content was determined using the following formula given in equation (2) below.
Concentration of saponin =                                                                                        
Where W1 = weight of empty beaker
            W2 = weight of beaker + sample after heating 
            W3 = weight of sample used 
Determination of terpenoid content 
[bookmark: _Hlk211426094]The terpenoid content was estimated according to Harborne (1976) method with slight modification. A quantity (0.1 g) of the extract was weighed out separately, macerated with 20 ml of ethanol and filtered through Whatman No. 1 filter paper. The filtrates (1 ml) were pipetted out and 1 ml of 5 % phosphomolybdic acid solution was added and shaken. Gradually, 1 ml of concentrated H2SO4 was added to each. The mixtures were left to stand for 30 minutes. Ethanol (2 ml) was added and the absorbance were measured at 700 nm. The terpenoid concentration was determined using the equation given below.
                           Concentration of terpenoid =   absorbance x p𝑎𝑡ℎ𝑙𝑒𝑛𝑔𝑡ℎ                  
                                                                             100 x 𝑤𝑒𝑖𝑔h𝑡 𝑜𝑓𝑠𝑎𝑚𝑝𝑙𝑒 𝑢𝑠𝑒𝑑
2.4.4     Total phenolic content (TPC)
 The total phenolic content of infused teas was measured based on the modified Folin–Ciocalteu method Gonu et al. (2021).  Briefly, 200μl of standard (gallic acid) or infused teas was transferred into respective test tubes (10 ml). A volume of 1.4 ml Folin–Ciocalteu (10 – fold dilution) was added, vortexed, and incubated for 5 minutes in a dark cabinet at 25 ± 2°C. Sodium carbonate (7.5 % (w/v)) was added (1.8 ml), vortexed, and incubated for an hour in dark cabinet at 25 ± 2℃. The absorbance was determined using an ultraviolet-visible (UV-Vis) spectrophotometer at a wavelength of 725 nm against distilled water. The total phenolic content was calculated from the gallic acid standard curve (y = 0.0059x + 0.0618, R2 = 0.9918 and expressed as milligram gallic acid equivalent (GAE) per liter of tea (mg GAE/L).
 2.4.5     Total flavonoid content (TFC) 
[bookmark: _Hlk211426133]The total flavonoid content of the teas was measured based on the modified aluminum chloride colorimetry method (Essiedu and Kovaleva, 2021). Briefly, infused teas (0.5 ml), 2.5 % (w/v) AlCl3 (0.4 ml), 10 % (w/v) CH3COONa (0.5 ml) and 30 % (v/v) MeOH (4 ml) was pipetted into test tubes and thoroughly mixed. The mixtures were allowed to stand for 15 minutes in a dark cabinet at 25 ± 2℃. The absorbance was measured at 430 nm using a UV-Vis spectrophotometer. The total flavonoid content was calculated from the rutin calibration curve (y = 0.0028x + 0.0679, R2 = 0.9966) and expressed as milligram rutin equivalent per liter of tea (mg RE/L)
2.5        Determination of Vitamins 
2.5.1     Determination of vitamin A
Vitamin A was determined according to the method described by AOAC (2010). One gram of the sample was mixed in 30 ml of absolute ethanol and 3 ml of 5 % alcoholic KOH solution was added to it and boiled for 30 minutes under reflux at 70℃. The mixture was washed with 50 ml of water into a separating funnel and 150 ml of diethyl ether was added to it. The extract was evaporated in a water bath to dryness at a low temperature of 50℃ and dissolved with 10 ml of isopropyl alcohol and the absorbance taken. Exactly 1 ml of the standard vitamin A solution was dissolved with 5-10 ml of diethyl ether and transferred to a cuvette and the reading was taken as the absorbance of the standard. Readings, were taken with 460 nm wavelength. The calculation for the vitamin A concentration was determined using the equation below. 
Vit. A (mg/100g) = Absorbance of sample (x) × Concentration of sample (y)
                                Absorbance of standard × mass of test portion
y = 1.6357(x) + 0.1979
2.5.2    Determination of vitamin B1
Vitamin B1 was determined according to the method described by AOAC (2010). One gram of the sample was dissolved in 65 ml 0.1 N HCl in 250 ml flask. It was heated on a boiling water bath for 45-60 minutes with frequent shaking at a pH of about 4.5 and made up to 100 ml mark. 10 ml of the extract was pipetted in the flask and 5 ml of 10 % potassium ferricyanide solution was added to it and mixed gently for 2-3 minutes. The mixture was acidified with conc. H2SO4 (about 2 ml), then it was cooled under running water. About 5 ml of 10 % potassium iodide solution and a few crystals of zinc sulphate were added to it. Starch (1%) was used as an indicator. It was titrated against 0.5 N sodium thiosulphate until a bluish-green colour was obtained. A blank was carried out with 10 ml of distilled water, 2ml conc. H2SO4, 5 ml of 10 % potassium ferricyanide, 5 ml of 10 % potassium iodide, few crystals of zinc and starch as indicator. The vitamin B1 content was determined using the equation given below. 

2.5.3   Determination of vitamin C
Vitamin C was determined according to the method described by AOAC (2010). One gram of the sample was weighed. One gram of Zinc sulphate was dissolved with 10 ml distilled water and added to the sample. 10 ml of acetone was added to the mixture and set aside for 30 minutes. It was centrifuged for 10 minutes at 250 rpm. One gram of starch was measured into beaker and dissolved with small quantity of ethanol to dissolve it, then it was poured into 100 ml volumetric flask and made up to the mark (indicator). The supernatant from the centrifuged mixture was decanted into a beaker and treated with 20ml of 10 % acetic acid and centrifuged again for 10 minutes at 250 rpm. The supernatant was removed and poured into a conical flask where 25 ml of iodine solution was added to it. About 1ml of the starch indicator was added to it. In the burette, already prepared 0.5 N sodium thiosulphate was used to titrate with the content of the conical flask till a colourless solution was gotten. The vitamin C content was determined using the equation (6) given below.


Microbial analysis
The method outlined by (Harrigan and McCance, 1976) was used. Seven gram (7 g) of nutrient agar powder was dissolved in 250 ml distilled water. Then 13 g of Sabouraud Dextrose Agar was dissolved in 200 ml distilled water. They were boiled and shaken   in a whorl motion. The mixtures were then subjected to sterilization in an autoclave for 15 minutes at 121℃ after which the medium was allowed to cool to about 40℃ in a desiccator. 
Preparation of ringer solution
A tablet of Ringer was dissolved in 500 ml distilled water. The solution was placed in an autoclave and sterilised for 15 minutes at 121℃ and allowed to cool to about 28℃.
Determination of total viable count (TVC) / mould count
This was evaluated using the procedure described by Prescott et al. (2005). One gram (1 g) of the tea sample was weighed into a sterile test tube and a quarter (¼) strength of Ringer`s solution (9 ml) was poured into it and arranged for serial dilution. The sample with the solution was homogenised by shaking. One (1) ml of the sample was pipetted for the serial dilution into the test tube containing Ringer`s solution (9 ml). After that, 1 ml solution at different dilution factors was transferred into the sterile Petri dishes, and sterile nutrient agar (20 ml) was poured into the same Petri dish and mixed by rocking. The Petri dishes were immediately turned upside down after it had solidified and it was then cultured by incubation for 24 hours at 37℃.  The colonies were counted after incubation using the colony counter (Gallenkamp colony counter, CNW 330–010X). 
The method described by Harrigan and McCance (1976) was to evaluate the mould count. The serial dilutions of the samples were cultured using the pour plate technique on acidified malt extract agar and incubated for 48 h for mould growth. The discrete colonies were counted using a Digital electronic colony counter (Gallenkamp colony counter, CNW 330–010X), and recorded in cfu/g.
Sensory Evaluation
[bookmark: _Hlk211426395]Sensory evaluation of the black tea was carried out by a 25 man-panelists. These panelists were recruited from students of Food Science and Technology Nnamdi Azikiwe University, Awka who are familiar with tea products. The black tea was evaluated with respect to colour, flavour, aroma, taste, after taste, astringency and overall acceptability using a 9-point hedonic scale where 9 represents like extremely and 1 dislike extremely as outlined by Iwe (2014). The tea samples were made into infusion by pouring 200 ml of water boiled at 100 into a cup containing 2 g of each sample and allowed to leach out for five minutes. The tea samples were served at approximately 68℃ at the time of tasting, coded and presented randomly to the panelist to avoid bias. Portable water was provided for rinsing of mouth in between the respective evaluation to minimize lingering. 
Statistical Analysis
The data obtained was subjected to one–way Analysis of Variance (ANOVA) using Statistical Package for Social Sciences (SPSS) version 25. Duncan Multiple Range Test was used to detect significant differences with significance level at p < 0.05.

Results And Discussion
[bookmark: _Hlk165703671]Phytochemical Composition of black tea produced from Bryophyllum pinnatum and Lemon grass flavoured with cloves.
[bookmark: _Hlk165703877]The phytochemical analysis of the Bryophyllum pinnatum, lemon grass and cloves black tea are presented in Table 2. The drying temperature significantly affected the alkaloid content of the black tea samples, which ranged from 1.06 to 3.16 mg/100g. Significant differences (p < 0.05) exist between the samples. Sample BLCA (85:10:5 dried at 50℃) had the highest score, while sample BLCE (85:10:5 dried at 70 ℃) and BLCG (control, Lipton) had the lowest score. This result showed that an increase in drying temperature significantly (p < 0.05) caused a reduction in the alkaloid content of the tea samples. The results of this study were lower than the findings of Salve et al. (2020) and Adewole et al. (2022), who reported a loss in alkaloids (10.30 mg/100g) during oven drying of mint leaves and 5.51% and 5.68% for Acalypha wilkisiena leaves dried at 80℃ and 50℃, respectively. Alkaloids in tea, particularly purine alkaloids like caffeine and theobromine, exhibit strong antimicrobial properties by disrupting bacterial cell membranes, leading to leakage of metabolites and inhibition of enzymatic systems (Yan et al., 2021).
The saponin content of the black tea samples were observed to decrease accordingly as the temperature increased which differed significantly (p < 0.05) with sample BLCB (75:20:5 dried at 50℃) having the highest value (0.22 mg/100g) which may be attributed to the low temperature used. In comparison, sample BLCG (control Lipton) had the least value (0.11mg/100g). This result posited that higher drying temperatures (60 and 70℃) caused a significant reduction in the saponin content of the tea samples. The results obtained were lower than the values 12.04 % and 12.51% reported by Adewole et al. (2022), who reported a decrease in the saponin content of Acalypha wilkisiena leaves dried at 80 and 50. Khan et al. (2023) postulated that saponins present in tea and other plant sources have demonstrated significant health benefits, including lowering blood cholesterol, enhancing immune function, and exhibiting anticancer properties.
[bookmark: _Hlk211428512]Significant differences (p < 0.05) were observed in the terpenoid content of the black tea samples and ranged from 7.30 to 14.95 mg. Sample BLCB (75:20:5 dried at 50℃) had the lowest score, while the control sample (BLCG Lipton) had the highest score. The increase in the terpenoid content of these tea samples could be a result of increased drying temperature, which led to the concentration of terpenoids during vaporization. The results obtained from this study was higher than the values (0.02 to 7.98 mg/100g) and (0.11 to 0.15 mg/100g for sample dried at 70 ℃ and 0.27 to 0.29 mg/100g) reported by Ikegwu et al. (2023) and Dike et al. (2021) for lemon grass, moringa and ginger herbal tea formulation and Pterocarpus santalinoides and Cnidoscolus chayamansa leaves respectively. Terpenoids found in various tea types have demonstrated antidiabetic effects, including reducing insulin requirements, lowering blood glucose levels, and mitigating complications associated with diabetes (Erukainure et al., 2023).
[bookmark: _Hlk165703961]The phenolic content of the black teas ranged from 3.63 to 3.66 mg GAE/l. the samples did not really vary significantly (p < 0.05). In other words, there was no significant variation between the formulated black teas and the control tea (lipton). Sample BLCA (85:10:5 at 70℃) had the highest phenolic concentration while sample BLCE (85:10:5 at 60℃) and BLCC (dried at 60 and 70℃) had the lowest concentrations. This notable decrease observed could be due to elevated temperatures which accelerate their breakdown into simpler, less bioactive molecules, thus reducing their concentrations. These values obtained are higher than the values 1.14 to 1.89 (mg GAE/g) reported by Monika et al. (2020). The phenolic content of this study (3.63 to 3.66 mg GAE/g) suggests the black tea formulations has good antioxidant activity. Phenolic compounds in tea exhibit strong radical scavenging and antioxidant activity, contributing to the prevention and management of various health ailments when consumed regularly (Vastrad et al., 2021).
There were significant (p < 0.05) differences in the flavonoid content of the black tea samples, with values ranging from 1.51 (85:10:5 dried at 70℃) to 2.98 mg CAE/g (85:10:5 dried at 50℃). The results showed that drying at 50℃ increased the flavonoid content of the tea samples, while higher temperature drying (60 to 70℃) caused a significant decrease, which could be attributed to the loss of macromolecules (flavonoids) during vaporization. Hedge et al. (2025) reported that oxidation during black tea preparation may lead to a reduction in flavonoid content. These findings support SDG 3 by promoting health benefits, as antioxidants play a major role in disease prevention. The results are lower than the values (3.6 to 7.44%) obtained by Innocent-ukachi (2019) for soursop and moringa leaves herbal tea formulation. The appreciable levels of flavonoids found in the black teas suggest their antioxidant capacity and free radical scavenging ability, which can help prevent oxidative cell damage and have strong anti-cancer and anti-ulcer effects (Singha et al., 2024). 



Fig. 2. Effect of drying temperature on the phytochemical compositions of black tea.

Key: 
BLCA  = (85 % Bryophyllum pinnatum,10% lemon grass and 5% cloves dried at 50) 
BLCB  = (75 % Bryophyllum pinnatum, 20% lemon grass and 5% cloves dried at 50)
 BLCC  = (85% Bryophyllum pinnatum, 10% lemon grass and 5% cloves dried at 60)
BLCD  = (75% Bryophyllum pinnatum, 20% lemon grass and 5% cloves dried at 60)
BLCE  = (85% Bryophyllum pinnatum, 10% lemon grass and 5% cloves dried at 70)
 BLCF  = (75% Bryophyllum pinnatum, 20% lemon grass and 5% cloves dried at 70)
 BLCG = Lipton black tea (control). 







[bookmark: _Hlk165704041][bookmark: _Hlk165704504]Vitamin composition of black tea produced from bryophyllum pinnatum and lemon grass flavoured with cloves.
[bookmark: _Hlk165704150]The result of the vitamin composition of the tea samples showed significant variations (p < 0.05) arising from the different drying temperatures employed. The vitamin A content of the black tea samples ranged from 9.22 to 14.92 mg/100g with BLCG (control) sample having the highest score and BLCE (85:10:5 dried at 70℃) having the lowest score. The result showed significant differences (p < 0.05) between the samples. The result revealed that drying at low temperatures (50 - 60℃) caused a significant increase in the vitamin A content of the tea samples. The results of this study are in agreement with the findings of Ikegwu et al. (2023) who reported vitamin A content of 7.57 to 12.05 mg/g for lemon grass, moringa and ginger herbal tea. The values in this study are lower than the results obtained by Okafor and Ogbobe (2015) who reported a vitamin A content of 20.37 mg/100g in black herbal tea when compared to 8.12 mg/100g in green herbal tea produced from Moringa oleifera tea. Vitamin A is known for its role in maintaining vision, immune system and foetal development. This study has shown that Bryophyllum pinnatum, lemon grass and cloves when consumed in the form of tea, might be very helpful (Sheikh et al., 2023).
	Sample

	Vitamin A (mg/100g)
	Vitamin B1 (mg/100g)
	Vitamin C (mg/100g)

	[bookmark: _Hlk211439650]BLCA

	14.92a±0.00
	11.60a±0.10
	224.85a±0.87

	BLCB

	10.17c±0.00
	7.46d±0.11
	209.00b±2.00

	BLCC

	9.76e±0.07
	9.96b±0.10
	197.81c±0.41

	BLCD

	9.86d±0.02

	7.40c±0.10
	181.64d±0.68

	BLCE

	9.22g±0.23
	4.70f±0.10
	146.96f±0.71

	BLCF

	9.65f±0.05
	4.46e±0.20
	122.83g±0.25

	BLCG

	13.18b±0.05
	4.40g±0.15
	177.23e±0.16 


Table 3: Vitamin composition of black tea produced from Bryophyllum pinnatum
and lemon grass flavoured with cloves

          






[bookmark: _Hlk211635762]
Values are means of triplicate. Means followed by the same letter across the columns are not significantly different from each other (p > 0.05).  
[bookmark: _Hlk165704208]At lower temperatures (50 - 60℃) vitamin B1 was well retained while higher temperature drying (70℃) caused a significant reduction from 4.40 to 11.60 mg/100g. Sample BLCA (85:10:5 dried at 50) had the highest value (11.60 mg/100g) while BLCG (control Lipton) had the lowest value (4.40 mg/100g). This increase could be attributed to fermentation and variations in the blend ratios. Thus, the vitamin B1 content reduced as the temperature increased. This is in accordance with the report of (Su et al. 2024), who stated that higher temperatures accelerate nutrient breakdown. The results of this research agree with the findings of Ikegwu et al. (2023) who reported an increase in the thiamine content from 1.78 to 11.45 mg/100g on lemon grass moringa and ginger herbal tea formulation but higher than the values 0.084 mg/100g and 1.078 mg/100g obtained by Itodo et al. (2021) for fermented oven dried moringa leaves and blanched oven dried moringa leaves respectively. Thiamine is known to possess antioxidant and anti-inflammatory properties, supports immune function, and may play a role in bone health and the regulation of ion channels. Adequate intake of vitamin B1 is associated with a reduction in the risk of hypertension, heart failure, and cardiovascular mortality, especially in older adults and those with certain risk factors (He et al., 2023). 
[bookmark: _Hlk165704302]The vitamin C content of the tea samples ranged from 122.83 to 224.85 mg with BLCG (control, Lipton) having the highest score and BLCC (85:10:5 dried at 60) having the lowest score. An increase in temperature (70℃) resulted in a decrease in the vitamin C content of the black tea samples which may be because vitamin C is heat-labile and consequently oxidized and reduced at higher temperature and longer duration of heating but at lower temperatures 50 - 60℃, the vitamin C content increased significantly. This decrease may be a result of oxidation and destruction of heat sensitive compounds. The result of this study is higher than the values (35.75 to 17.41 mg/100g) obtained by Olabode et al. (2015), who reported a decrease in the vitamin C content of moringa leaves. The results obtained in this study are higher than the findings of Sahar et al. (2016) who also reported a decrease in the vitamin C content (14.55 to 14.09 mg/100g) of Camellia sinensis tea dried at 80 and 100 The implications of this high vitamin C content of the tea formulation are numerous in which one is its antioxidant effects, a much sought-after attribute in recent times where people are becoming health-conscious. 
[bookmark: _Hlk165704848]Microbial Properties of Black Tea Produced from Bryophyllum pinnatum and Lemon Grass Flavoured with Cloves
[bookmark: _Hlk165705127]Fermentation introduces the growth of beneficial microorganisms which helps in development of flavour compounds in foods. At increased temperature (70℃) there was a notable reduction of the total viable counts presents in the black teas when compared to the teas dried at low temperatures (50 - 60℃).  Hence significant variations were observed and varied from 3.23 x 101 to 20.46 x 101cfu/g with sample BLCB (75:20:5 dried at 50) having the highest bacterial population (20.46 x 101 cfu/g) and sample BLCF (85:10:5 at 50) having the least bacterial population (9.83 x 101 cfu/g). It was observed that an increase in the drying temperature resulted in a decrease in the total viable count of the black tea samples. This decrease might be attributed to the high temperature treatment, which inactivates many microorganisms. 
Significant differences were observed in the mould count of the black tea samples and it ranged from 10.26 x 101 to 28.40 x 101 cfu/g with sample BLCB (85:10:5 dried at 50 having the highest count and sample BLCG (control lipton) having the least count. At higher temperatures mould count decreased. Omohimi et al. (2019), had reported that the International Commission on Microbiological Specification for Food (ICMSF) has declared that total bacterial count should not exceed 1 x 106 cfu/g. Thus, this suggests that the microbial loads in the formulated black tea are well within acceptable limits. 
Table 4:  Microbial counts of black tea produced from Bryophyllum pinnatum and lemon   grass flavoured with cloves
	         Sample Code
	  Total Viable Count
              101 cfu/g

	    Mould Count
       101 cfu/g

	         BLCA 
	   12.23e ± 0.25
	    24.43b ± 0.40

	         BLCB 
	   20.46a ± 0.35

	    28.40a ± 0.36

	         BLCC 
	   13.53d ± 0.25

	    17.90c ± 0.36

	         BLCD 
	   15.76b ± 0.25

	    13.43e± 0.40

	         BLCE 
	   11.50f ± 0.20

	    13.96f ± 0.25

	         BLCF 
	   9.83g ± 0.35

	    14.83d ± 0.15

	         BLCG
	   15.43bc ± 0.40

	    10.26g ± 0.25


Values represent the mean score ± standard deviation. Data in the same column bearing different superscript differ significantly (p < 0.05).
Key: 
BLCA= (85 % Bryophyllum pinnatum, 10% lemon grass and 5% cloves dried at 50) 
BLCB = (75 % Bryophyllum pinnatum, 20% lemon grass and 5% cloves dried at 50)
BLCC = (85% Bryophyllum pinnatum, 10% lemon grass and 5% cloves dried at 60)
BLCD = (75% Bryophyllum pinnatum, 20% lemon grass and 5% cloves dried at 60)
BLCE = (85% Bryophyllum pinnatum, 10% lemon grass and 5% cloves dried at 70)
BLCF = (75% Bryophyllum pinnatum, 20% lemon grass and 5% cloves dried at 70)
BLCG = Lipton black tea (control).           
[bookmark: _Hlk165705222]Sensory profile of Black Tea Produced from Bryophyllum pinnatum and Lemon Grass Flavoured with Cloves
The samples were observed to be significantly different in terms of colour and varied from 6.25 to 8.30 with sample BLCG (control Lipton) having the highest value and BLCE (85:10:5 dried at 70 having the least values. This shows that higher temperatures resulted in better colours preferred by the panelists while teas produced under lower temperature (50℃) drying were assigned lesser scores. This relates to the study conducted by Su et al. (2025) who found that drying at 70℃ resulted to a brighter colour of Luchuan black tea. The values obtained are also in agreement with Teshome et al. (2013) who observed that an increase in drying temperature (90 to 130) resulted in a high colour quality (4.80 to 7.90) of (Camellia sinensis L.) black tea. Colour of a food is the initial quality parameter usually assessed by consumers and is important in product acceptance, before tasting (Kardas et al., 2024).
In the panelist preference of the black tea samples based on aroma significant differences were detected and it varied from 6.20 to 7.65. Mild temperatures (50- 60℃) produced teas with the best aroma compounds which may also be attributed to the spicy-aromatic eugenol of clove and sample BLCC (85:10:5 dried at 60℃ and BLCF (75:20:5 dried at 70℃), were the least preferred sample. The result obtained in this study opposed the reports of Yan et al. (2023) who related that drying at 50 - 60℃, led to a gradual decline in aroma coordination of orange black tea. Higher temperature with longer drying duration affects the amount of the essential compounds responsible for tea aroma and results to 70 to 80% loss of the aroma constituents. This indicates that the highest temperatures used affected the flavor of teas. These observations are consistent with previous research indicating that heat processing can significantly affect the flavor profiles of tea infusions.
[bookmark: _Hlk165706783]Drying temperatures caused a significant variation in the taste of the black tea samples and ranged from 4.85 to 6.45 while sample BLCA (85:10:5 dried at 50) recorded the highest score, sample BLCE dried at 70 had the least score. This signifies that as the temperature increases in drying the taste decreases. This aligns with the report of Lu et al. (2025) who stated that drying significantly affects the resultant taste of infused teas.
The after taste of the tea samples varies across blends and ranged from 5.40 to 7.25 with sample BLCA (85:10:5 dried at 50℃) having the highest score and sample BLCB (75:20:5 dried at 50) having the least score. There was no significant difference (p < 0.05) between the tea samples and the control in terms of after taste. The results showed that an increase in temperature results in a decrease in the after-taste of black tea samples. The after-taste of foods including tea describes the lasting impression of the food after consumption.
The astringency of the black tea infusion ranged from 5.70 to 7.10. Sample BLCA (85:10:5) was the most preferred in astringency while sample BLCG (control Lipton) was the least preferred sample. This implies that high drying temperature (70℃) led to a considerable decrease in the astringency of the black tea samples. Hence, drying at higher temperatures results in a sweeter and less astringent taste. This finding agrees with that of Ikegwu et al. (2013) who reported a decrease in the astringency of lemon grass, moringa and ginger herbal tea formulation with an increase in the drying temperature. Astringency is a feeling of complete dryness that is not restricted to a particular region of the mouth or tongue, but can be experienced invariably as a diffused stimulus (Wang et al., 2024).
The overall acceptability of the black tea samples ranged from 6.25 to 7.65. Sample BLCA (85:10:5 dried at 50) which ranked highest was the most preferred product by the consumers. Furthermore, sample BLCF (75:20:5 dried at 70 was the least preferred sample in overall acceptability.
	Sample 

	Colour 
	Aroma 
	Taste 
	After-Taste 
	Astringency
	Overall Acceptability

	BLCA 

	6.05bc±1.38 
	7.65a±1.49
	6.45a±1.82
	7.25a±1.65
	7.10a±1.74
	7.65a±0.93

	BLCB 
	6.20bc±1.71
	6.55c±1.60
	5.95ab±1.57
	5.40ab±1.56
	6.90ab±1.80
	6.75ab±1.48

	BLCC 

	6.75bc±1.90
	6.20c±1.67
	5.60ab±1.27
	6.10ab±1.80
	6.10ab±1.91
	6.65ab±1.03

	BLCD 

	6.65bc±1.50
	7.15abc±1.65
	5.95ab±1.70
	6.60ab±1.77
	6.05ab±2.60
	6.80ab±2.44

	BLCE 

	7.05ab±1.00
	6.45bc±1.35
	4.85b±1.69
	5.70b±2.15
	6.10ab±1.77
	7.10ab±1.33

	BLCF 

	6.95b± 1.88
	6.20c±2.14
	5.90ab±1.58
	6.15ab±1.34
	5.95ab±1.39
	6.55b±1.78

	BLCG

	8.30a± 1.30
	7.45ab±1.23
	6.15a±2.10
	6.20ab±1.54
	5.70b±1.68
	7.05ab±1.95


Table 5:   Sensory evaluation of black tea produced from Bryophyllum pinnatum and      lemongrass flavoured with cloves
Key: 
BLCA= (85 % Bryophyllum pinnatum, 10% lemon grass and 5% cloves dried at 50) 
BLCB = (75 % Bryophyllum pinnatum, 20% lemon grass and 5% cloves dried at 50)
BLCC = (85% Bryophyllum pinnatum, 10% lemon grass and 5% cloves dried at 60)
BLCD = (75% Bryophyllum pinnatum, 20% lemon grass and 5% cloves dried at 60)
BLCE = (85% Bryophyllum pinnatum, 10% lemon grass and 5% cloves dried at 70)
BLCF = (75% Bryophyllum pinnatum, 20% lemon grass and 5% cloves dried at 70)
BLCG = Lipton black tea (control).           

Conclusion
[bookmark: _Hlk211984358][bookmark: _Hlk211984128][bookmark: _Hlk212028353]This research investigates the impact of different drying temperatures (50°C, 60°C, and 70°C) on the phytochemicals, vitamins, sensory and microbial qualities of black tea produced from Bryophyllum pinnatum and lemongrass flavoured with cloves. However, low temperature drying 50 - 60°C had a significant effect on the tea components and was optimal for retaining the teas phytochemicals and vitamins by reducing degradation, which resulted in teas with better sensory qualities and higher antioxidant activity. Furthermore, drying at low temperature (50°C) had a significant effect on the phytochemical composition of the black tea samples, except for the terpenoids content, which drying at high temperature (70°C) increased its concentration. Drying at a very high temperature (70℃) also caused a significant reduction in the microbial population of the tea samples. The sensory scores showed that sample BLCA (85:10:5 dried at 50°C) was the most preferred by the sensory panelists when compared to the commercial brand. Therefore, summarily, drying the black tea samples at a temperature of 50°C conserved more phytochemicals (alkaloid, saponin, phenols, flavonoids), vitamins (A, B1 and C) and better accepted in the sensory evaluation, while drying at 70°C increased the terpenoid concentration and resulted in progressive reduction of the microbial population of the black tea formulation. The black functional teas show a favourable composition of phytochemicals and vitamins, indicating its possible advantages for antioxidant and anti-inflammatory properties. 
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Effect of drying temperature on the phytochemical composition of black tea

Alkaloid (mg/100g)	BLCA	BLCB	BLCC	BLCD	BLCE	BLCF	BLCG	3.16	4.0999999999999996	1.1599999999999999	2.1	1.1000000000000001	2.1	1.06	Saponin (mg/100g)	BLCA	BLCB	BLCC	BLCD	BLCE	BLCF	BLCG	0.2	0.22	0.17	0.17	0.14000000000000001	0.12	0.11	Terpenoids (mg/100g)	BLCA	BLCB	BLCC	BLCD	BLCE	BLCF	BLCG	10.7	7.3	11.74	13.08	13.15	11.91	14.95	Phenols (mg/GAE/g)	BLCA	BLCB	BLCC	BLCD	BLCE	BLCF	BLCG	3.66	3.65	3.63	3.64	3.63	3.64	3.64	Flavonoid (mg/GAE/g)	BLCA	BLCB	BLCC	BLCD	BLCE	BLCF	BLCG	2.98	1.89	1.78	1.6	1.54	1.51	2.33	BLCA	BLCB	BLCC	BLCD	BLCE	BLCF	BLCG	BLCA	BLCB	BLCC	BLCD	BLCE	BLCF	BLCG	



