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ABSTRACT
This study analyzed the phytochemical composition of tea produced from some common leaves in the locality and their effects on three digestive enzymes; lipase, alpha-amylase and alpha-glucosidase. Tea was prepared from mango, pawpaw, guava and moringa leaves with mixed spices and date sweetener. The flavonoid content of the samples varied between 1.27 mg/100g - 2.09 mg/100g. Tea prepared from pawpaw leaves had the highest alkaloid, tannin and total phenol contents. The saponin content of the tea samples varied between 3.26 mg/100g - 5.08 mg/100g for mango and combined tea, respectively. The Tannin content of the tea samples ranged between 2.26 mg/100g - 4.03 mg/100g while the alkaloid content of the tea samples ranged between 1.21 mg/100g - 2.21 mg/100g. Abundant total phenolic composition was determined in all the tea samples.  The most potent inhibition was shown against lipase among the three digestive enzymes tested in vitro. The combined leaves tea sample had the greatest inhibition effect against lipase, alpha-amylase and glucosidase with IC50 values of 0.46 mg/ml, 27.46 mg/ml and 74.74 mg/ml, respectively. The results of this study have shown the potential of herbal tea leaves in the control of blood glucose and they could be used as safe alternatives in the management of diabetes and obesity.
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INTRODUCTION 
Tea is a fragrant beverage made by pouring hot or boiling water over dried or fresh Camellia sinensis leaves (Mckay et al., 2012). Since around 2700 BCE, tea has been known in China as a therapeutic beverage for millennia and later became a daily drink in the 3rd century CE when tea cultivation and processing began Since around 2700 BCE, tea has been known in China (Meegahakumbura et al., 2016) and remained a therapeutic beverage for millennia but later became a daily drink in the 3rd century CE when tea cultivation and processing began (Hayat et al., 2015). Herbal teas are not made from Camellia sinensis tea leaves but are combinations of spices, herbs and other plants. Different herbal teas have different health advantages depending on their composition and come in a variety of flavors (Van vuuren et al., 2022). 
Mango (Mangifera indica) leaves are the main ingridients in some traditional chinese medicine and folk tea (Fangying shi et al., 2020). Mango (Mangifera indica L.) is a tropical plant that belongs to the anacardiaceae family and is one of the most economically important tropical plants (ITFN, 2016). According to research, mangeferin is the main active constituent in mango and it can be utilized to treat respiratory disoders and diabetes (Kulkarni and Rathod, 2014). Mango has a wide variety physiological and pharmacological actions due to its high phenolic acids content (Gu et al., 2019). Despite these benefits, Mango leaves remain underutilized (Rasouli et al., 2017).
Pawpaw (Carica papaya) is an underutilized plant that is popular throughout Africa with Nigeria being the third largest producer according to FAO (2012). The fruit is commonly used as a desert or processed into jam, puree or wine and also cooked as vegetable. The seeds are used in the treatment of sickle cell diseases and poisoning related disorder while the tea or extracts from the leaves are commonly known as an agent for destroying tumor (Panda et al., 2018). The fresh green tea is an antiseptic while the brown dried pawpaw leaves are believed to be very effective as a tonic and blood purifier (Iroka et al., 2016). The tea also improves digestion and aid in treatment of other ailments including chronic indigestion, obesity, arteriosclerosis, high blood pressure and weakening of heart (Dubois et al., 2016).
Guava (Psidium guavaja), which is used as a traditional medicine, grows in hot climates around the world including South America, Europe, Africa and Asia. Diarrhea and dehydration are two of the common applications of its different parts, including the treatment of gastroenteritis, dysentery, stomach pain, ulcers, toothache, cough, sore throat, wounds, inflamed gums and overweightness (Ratnakaran et al., 2020). The leaves particularly exhibit important pharmaceutical effects, such as anti-mutagenic, anti-diarrheal, anti-candidal, anti-microbial and anti-cough, anti-inﬂammatory, anti-oxidant, anti-allergic and even hepatoprotection (Samejima and Park, 2019). The tea prepared from Guava leaves has been reported to exhibit similar therapeutic potential to acarbose for improving hypoadiponectinemia and hyperglycemia (Deguchi and Miyazaki, 2010). This is not surprising as the leaves are rich in anti-oxidants, phenolic compounds and flavonoid. Though, the main active substances in the leaves are gallic acid, caffeic acid and guaijaverin (Luo et al., 2019). 
Moringa (Moringa olifera L) tree is known by such regional names as benzolive drumstick tree, saijihan and sanja (Zulqifar et al., 2020). It is considered as one of the world’s most useful leaves serving either food, medicinal or industrial purposes (Rady et al., 2015). This plant has nutritional, therapeutic and prophylactic properties (Zulqifar et al., 2020). Its leaves are important sources of nutrition for all ages and they contain all the essential amino acids which is not typical for a plant source (Azra et al., 2013). The leaves are good source of provitamin A, vitamin B and C, minerals, methoinine and cysteine and the composition of amino acid in the leaf protein is well balanced (Yuangsoi and Masumoto, 2012).
Among the recent applications of herbal teas is the therapeutic control of body fat and blood glucose through the inhibition of dietary enzymes. The therapeutic approach available for managing postprandial hyperglycemia is mainly reducing the absorption of glucose after food intake by inhibiting pancreatic α-amylase and α-glucosidase enzymes (Oboh et al, 2016). α‑Amylases are hydrolytic enzymes produced by humans, and found in the salivary glands that secrete the enzyme into the mouth and the pancreas that secretes the enzyme into the small intestine (Kim et al.,2014). Glucosidase is a retaining glycosidase that also hydrolyzes the α-glucosidic linkage at the non-reducing end of substrates. This enzyme is involved in the amylolytic pathway of various organisms such as bacteria, plants, and animals (Ojima et al., 2012). Glucosidase hydrolysis catalyzes transglucosylation to transfer a glucosyl residue to an acceptor. This activity results in the synthesis of oligosaccharides and glucosides (Saburi et al., 2015). Lipases are present in pancreatic secretions and are responsible for fat digestion by breaking down triglycerides into free fatty acids and glycerol (Aloysius et al., 2018). Hepatic lipase in the liver is responsible for degrading the triglycerides that remain in intermediate density lipoprotein (IDL) (Waldmann et al., 2019). Inhibitors of these enzymes could delay carbohydrate digestion and prolong its overall digestion time, thus causing a drop in the rate of glucose absorption and consequently lessening the postprandial plasma glucose rise (Oboh et al., 2014). The successful inhibition of these dietary enzymes could prevent the uptake of triglycerides and glucose which are pointers to chronic health diseases. 
Although a number of studies have reported that some medicinal plants possess lipase, a-Amylase, and Glucosidase inhibitory activities (Pereira et al., 2013), few studies have investigated the leaves in form of commonly consumed tea in Nigerian households. In this study, we evaluated the phytochemical composition and in vitro inhibitory activities of mango, guava, pawpaw, moringa and combined (consisting of all the leaves) tea extracts against lipase, α-amylase, and glucosidase. 

MATERIALS AND METHODS
The Mango, Moringa, pawpaw and Guava leaves were hand plucked from a local farmer’s farm in Tanke, Ilorin. Ginger, garlic and turmeric were added as spices to each leaves while Medjool dates served as sweetener. The mint leaves, ginger, garlic and turmeric were gotten from Yoruba road market, Ilorin, while date fruits were obtained from Tipper garage market, Ilorin, Kwara state.
Production of the Tea Leaves Powder 
Freshly picked leaves weighing 1000 g were washed with water and shredded. The water reservoir of an electric steamer (John Lewis model) was filled with cold water until it reached the maximum level. A 60-minute countdown was set for the timer while the steamer was turned on and a thermometer was inserted to monitor when the water reached the boiling point temperature of 100 ºC. The washed leaves (100 g) were placed in the steamer's plastic container and allowed to steam for 3 minutes. The leaves were then cooled for 30-minute at room temperature after which they were dried in a cabinet dryer for four hours at 65 ºC until they were crispy. After drying, the leaves were pulverized in an electric blender and sieved using a USA standard testing sieve No. 30 to achieve a uniform particle size before being packaged separately in an airtight container. The Garlic, Ginger and Turmeric were all diced into smaller parts, cabinet dried (24 hours at 60 °C but 12 hours for garlic) and added to the leaves according to the formulation shown in Table 1. The seeds of the date fruits were removed before cabinet dried. 
Preparation of Tea Infusion	
The tea powder was weighed in the tea bags. Forty grams of tea leaves with five grams of mixed spices and five grams of date sugar in a tea bag was infused with 500 mL of distilled water and heated at 90 °C for 10 min with constant stirring. Whatman no. 41 filter paper was used instantly to filter brewed teas to remove suspended particles.
Determination of Alkaloids and Saponin
This was done following the method used by Obadoni and Ochuko (2001). 1 ml of tea infusion was mixed with 0.025 m FeCl3 in 0.5 m HCl (1 ml) and 0.05 ml of 10-phenantholine in eth(1 m). The solution was then boiled in a water bathe at 70 °C for 30 min. The absorbance was read at 510 nm.
For saponin, 10 ml of 2methylethanol was added to 1 ml of tea infusions. The solution was filtered using whatman filter paper and 20 ml of 10 % MgCO3 was added to the extract and filtered again. 1 ml of the solution was pipetted into a 50 ml flask, then 2 ml of 5 % FeCl3 and 5 ml of distilled water was added and mixed together. The absorbance was read at 330 nm.
Determination of Total Flavonoid Content (TFC)
TFC of the sample was determined using a modified aluminum chloride assay method by Barek et al. (2015). 2 ml of methanolic extract was mixed with 0.2 ml of NaNO2 (5 %, w/v) and 0.2 ml of AlCl3 (2 %, w/v) was added after 5 min. The mixture was then allowed to stand for 6 min. This followed the addition of 2 ml of 1 N NaOH, and then, the volume was made up to 5 ml. After holding for 15 min at room temperature, the absorbance was measured at 510 nm on the UV-Vis spectrophotometer. The test result was correlated with the standard quercetin curve, and TFC was expressed in percentage.
Determination of DPPH Radical Scavenging Activity
The DPPH radical scavenging activities (antioxidant activities) of the extracts were determined by the spectrophotometric method. 1 ml of the extract was mixed with 2 ml of DPPH (0.004 % in methanol, corresponding to 100 μM) incubated at 37 °C in dark (wrapped with aluminum foil) for 20 min (for completion of reaction) before spectrophotometric analysis. The absorbance was measured at 517 nm on the UV-Vis spectrophotometer after 30 min incubation in the dark. Finally, the percentage scavenging activity was determined using the following equation: 
Scavenging activity (%) = Ac — As  
            			100
Where Ac represents the absorbance of the control, and As stands for absorbance of the test sample. The IC50 was determined as the concentration required to give 50% scavenging activity using the linear regression equation.
Determination of Total Phenolic Content (TPC)
The total phenolic content was determined as described by Kwon et al. (2008). Brieﬂy, 1 ml of tea extract was transferred into a test tube and mixed with 1 ml of 95 % ethanol and 5 ml of distilled water. To each sample, 0.5 ml of 50 % (v/v) Folin–Ciocalteu reagent was added and mixed. After 5 min, 1 ml of 5 % Na2CO3 was added to the mixture and allowed to stand for 60 min. The absorbance was read at 725 nm and the test results were correlated with the standard gallic acid curve. The total phenolics content were expressed as milligrams per milliliter.
Inhibitory Assay Test 
[bookmark: _Toc127294352]α-Amylase inhibitory activities 
Reagents such as Phosphate buffer (20 mM, pH 6.9): Alpha amylase (0.5 mg/ml) in phosphate buffer , Dinitro salicylic acid ( DNS), 1% starch in phosphate buffer were used. The procedure described by Oboh et al. (2016) was followed with slight modification. A concentrated sample of 1 - 10mg/ml put to a serial dilution of sample to have a different concentration (50 ̵ 250 μl). A 250 μl of tea extract is placed in a test tube, and then 250 μl of 0.02 m sodium buffer (pH 6.8) containing α̵ Amylase solution (0.5 mg/ml) is added to sample being incubated for 25 ºC for 10 min. 250 μl of 1 % starch solution is been added to a prepared sodium phosphate buffer (6.9) of 0.02m and re-incubated at 25 ºC for 10 min. 500 μl of dinitrosalicylic acid (DNS) reagent as colour developer  is added followed by incubation of the test tube in boiling water for 5 min and then cooled at room temperature. The reaction mixture is then diluted with 3.70 μl of distilled water, a blank is then prepared using distilled water as sample. All reagents without sample served as control. The absorbance is read with a spectrophotometer at 540 nm.
Calculations: inhibitory activity (%) = (1 ̵ AS/AC) ×100
[bookmark: _Toc127294353]Whereas, AS is the absorbace in the presence of test substance and AC is the absorbance of the control.
Glycosidase inhibitory assay
[bookmark: _Toc127294354]Reagents such as 3.0 nM p ̵ nitrophynyl glucopyroside (pH 6.9), α-glucosidase (1.0 u/ml) phosphate buffer pH 6.9: 0.1 m sodium carbonate was used. The method of Apostolidis et al. (2007) as described by Oboh et al. (2016) was used. A serial dilution of sample in the concentration of 1mg/ml (50 ̵ 20 μl) is been prepared, the addition of 500 μl of α ̵ glucosidase is been prepared in a test tube, 250 μl of the sample is added to the α ̵ glucosidase in the test tube. Incubation is then done at room temperature for 10min, and then 250 μl of 3.0 mM p-NGP was added in phosphate buffer to the tubes, which is incubated at room temperature for 20 min.  A blank was prepared using distilled water in place of sample, all reagent without the sample are been used for the control. The absorbance was checked using a spectrophotometer at 405 nm. Acarbose at various concentrations (0.1 ̵ 0.5 mg/ml) was used as a standard. Percentage inhibition is calculated as: Inhibitory activity (%) =  (1 ̵ As/ Ac )×100. 
Lipase inhibitory assay
This was performed according to method described by Bustanji et al., (2010), with slight modification. The enzyme solution was prepared immediately before use by suspending crude porcine pancreatic lipase powder type II (sigma 3.1.1.3) in tris ̵ HCl buffer (50 mM tris, pH 7.6). Then, 1 mL substrate p-NPP (3 mM in 2-propanol) was added into it. The solution was then centrifuged at 1500 rpm for 10 min and the clear supernatant was recovered. After incubating the mixture for 2 h at 37 ºC, its absorbance was recorded at 410 nm against a blank. The total reaction volume was made to 1ml using the Tris ̵ HCL buffer before measuring the absorbance at 410 nm against blank. The blank was the denatured enzyme which was prepared by boiling the enzyme solution for 5min. The extract was dissolved in DMSO at a final concentration not exceeding 1% (v/v) which will not affect enzyme activity. The inhibitory activity (%) was calculated as
 
A= the activity without inhibitor:
a= the negative control without inhibitor:
B= the activity of the enzyme with inhibitor: b = the negative control with inhibitor

Statistical analysis
The experiments were conducted in duplicates and analyzed using the statistical software package SPSS (version 10.00). All comparisons were subjected to a one-way analysis of variance (ANOVA), and the significant differences between means were separated using Duncan’s multiple range test  at p<0.05.
RESULTS AND DISCUSSION
Phytochemical composition 
The phytochemical composition of the herbal tea samples is shown in Table 2. The alkaloid content of the samples varied between 1.21 mg/ 100g and 2.21 mg/ 100g. There was significant difference (p <0.05) among all tea samples, with mango tea (80 % moringa, leaves, 10 % spices, 10 % date sugar) having the highest amount of alkaloids followed by combined tea while moringa tea (80 % Mango leaves, 10 % spices, 20 % date sugar) had the lowest amount. The alkaloid values obtained was relatively lower than the values reported by Alabi et al. (2021) for raw and dried leaf samples. Alkaloids have been reported to have antibacterial, analgesic and antispasmodic prosperities and its activities have been widely studied for their potential use in the elimination and reduction of human cancer cell lines (Waziri and Sales, 2015). The flavonoid and saponin contents of the combined tea were the highest among all samples. Although Guava tea had the same highest value of 2.09 mg/100g flavonoid composition as the combined tea, it had relatively lower saponin content (3.49 mg/100g), a little higher than Mango tea that had the least saponin value of 3.26 mg/100g. Similar to the results obtained in this study, Das and Goswami (2019) showed higher flavonoids but lower saponins composition in guava leaf extract. More so, Eleazu et al. (2012) had earlier reported lower saponin values (0.80 mg/100g - 2.00 mg/100g) for pawpaw leaves, neem, bitterkola and ginger extracts. The antioxidant and antiproliferative effects of flavonoid have been recognized in the treatment and prevention of diseases, such as cancers, cardiovascular and inflammatory diseases (Waziri and Saleh, 2015). Leitzmann (2016) also reported that a diet consisting in flavonoid-rich foods was associated with better cognitive performances. Agatemor et al. (2018) reported that saponin has hypocholesterolemic effects; therefore it is useful in controlling cholesterol levels and may aid in lessening the metabolic burden that would have been placed on the liver during metabolism. 
On the other hand, Mango tea had the highest tannin composition followed by combined tea, Moringa tea, Guava tea and Pawpaw tea, all falling within the range of 2.26 mg/100g – 4.03 mg/100g. It has been reported that tannin possesses some wound healing properties such as anti-inflammatory and analgesic properties, although they are anti-nutrients (Agatemor et al., 2018). The most abundant phytochemical tested in all tea samples is total phenol. The highest phenolic content of 52.09 mg/100g was recorded in Mango tea while Guava tea had the least content of 38.42 mg/100g. High phenolic composition has been earlier reported for green tea (Kwon et al., 2008). Different scientific reports have shown that there is a positive correlation between the effects of flavonoids and polyphenols content on inhibitory potentials of alpha-amylase and Glucosidase (Kam et al., 2013). Flavonoids and their derivatives such as luteolin and kaempferol possess the ability of blocking glucose absorption, inhibiting sodium dependent glucose transporter-1 which improves glucose tolerance (Thouri et al. 2017). High levels of polyphenolic compounds have also been found to reduce the potency of alpha-amylase and alpha-glucosidase by either interacting or inhibiting specific position of the enzyme (Rohn et al., 2002). 
DPPH Radical Scavenging Activity 
Percent DPPH radical scavenging activity (RSA) is better expressed as IC50 (the inhibition concentration of sample extract needed to reduce initial DPPH activity by 50 %). i.e the lower the IC50 value; the stronger the RSA in the sample. Pawpaw tea had the least IC50 value followed by Mango tea while Moringa and Guava tea had intermediate IC50 values of 92.14 µg/ml and 92.8 µg/ml, respectively. Combined tea showed least IC50 concentration and concurrently, the highest antioxidant activity among the samples. This could be attributed to the synergistic effect of all leaves present in the combined tea sample. Wongsa et al. (2022) reported a lower radical scavenging activity percentage of 1.61 % - 32.50 % for 25 herbal infusions. In an earlier study, green tea extract showed significantly higher DPPH radical scavenging activity (78.5 %) than black, white and oolong teas (Kwon et al., 2008). The control of free radicals is important as they are involved in the onset of diabetes and some complications seen in long-term treatment of diabetes (Oboh et al., 2014).
Lipase Inhibition of Herbal tea samples
All tea samples used during this study inhibited pancreatic lipase in a dose dependent manner as presented in Table 4. Increasing inhibition rate occur at added concentrations and the highest lipase inhibition percentage was observed at 1mg/ml. For example, the inhibition percentage of Mango tea extract increased from 16.35 μg/ml, at 0.2 ml/ml to 44.23 μg/ml at 1 mg/ml. The Mango tea inhibited pancreatic lipase activity with the IC50 value of 0.50 μg/ml.  According to Kumar (2005), this ability to inhibit pancreatic lipase is most likely due to the presence of mangeferin in Mango. It is quite impressive that the herbal tea samples could inhibit pancreatic lipase at such low concentrations of 0.47 – 1.25 μg/ml. This indicates the effectiveness of the samples in this regard. The tea produced from the combined leaves extract exhibited a remarkable inhibitory activity against pancreatic lipase. The highest percentage lipase inhibition was observed in both combined tea and pawpaw tea requiring the least IC50 value of 0.47 mg/ml to inhibit pancreatic lipase. The combined tea may however show a better inhibition as the percentage inhibition (65.34 %) was quite higher than that (64.42 %) obtained for pawpaw tea. Reports have shown that plants rich in phytochemicals such as saponins and polyphenol can inhibit pancreatic lipase and reduce weight gain in induced models on high-fat diets (Adisakwattana et al., 2012). Our findings in this study thus align with previous reports.
α-Amylase Inhibition of Herbal tea samples
The inhibitory effect of the tea samples on α-Amylase was also observed to be dose dependent; the highest extract concentration of 100 µg/mL had the highest inhibition for all tea samples. Among the samples made from single leaves, moringa tea showed the greatest inhibition with an IC50 value of 48.27 mg/mL while mango tea showed the lowest inhibition with an IC50 value of 97.53 mg/ml. This result is higher than the reports (IC50 value: 8.217 mg/ml – 16.290 mg/ml) of Magaji et al. (2020) for aqueous, methanol, hexane and ethyl acetate extracts of moringa leaves. Ademiluyi et al. (2018) recorded higher IC50 values of 64.29 mg/ml – 81.82 mg/ml for moringa leaves dried using different methods. The combined tea showed higher amylase inhibition at a considerable value of 43.56 % at 20 µg/mL and a corresponding IC50 value of 27.46 mg/ml. Wongsa et al. (2022) reported lower alpha amylase inhibition range between 1.23 % (Alexandria senna) and 30.75 % (stevia) for 25 herbal infusions. Over the years, there has been an increasing search for natural products having potent bioactive compounds with low toxicity that can oxidize fats, control appetite, regulate hormones and inhibit digestive enzymes involved in the absorption of carbohydrates and lipids (Rains et al., 2012). Our findings are in line with previous reports discovered that mild a-amylase inhibition is permitted in order to prevent the abnormal bacterial fermentation which results from the presence of undigested carbohydrates in the colon and thus prevent irritable bowel syndrome (IBS) (Etxeberria et al., 2012).
α- Glucosidase Inhibition of Herbal tea samples
As observed for amylase and lipase inhibition assay, the strongest inhibitory effect on α-Glucosidase enzyme was recorded for combined tea, since it had the lowest IC50 values. This indicates that the combined tea has a higher potential in controlling the metabolic effects of all the digestive enzymes studied. Oboh et al. (2014) similarly observed that the combination of seed, flesh and peel of unripe pawpaw extract in equal proportions showed the greatest inhibition against α-amylase and α-glucosidase than single extracts from each part of the fruit. The combination of seed, flesh and peel of unripe pawpaw fruit extract however gave lower IC50 values (0.87 mg/ml, 1.76 mg/ml) than obtained in this study. Mango seemed to show greater inhibitory effect compared to pawpaw, guava and moringa tea samples. Guava leaf extract has been previously shown to possess high α-glucosidase inhibition activity in vitro (Mai et al., 2007), and it also significantly aided the control of postprandial blood glucose elevation, hyperglycemia, hypertriglycemia, and hypercholesterolemia in mice (Deguchi and Miyazaki, 2010; Oh et al., 2005). According to Unuofin et al. (2018), the inhibition of a-glucosidase aids gastric emptying thereby increasing satiety, weight loss and improves obesity control. Since natural products/medicinal plants are usually thought to be safer than pharmaceuticals, the positive inhibition of these samples on the dietary enzymes is laudable. Moreover, the use of natural products/medicinal plants in inhibiting a-amylase and a-glucosidase could serve as an alternative therapy for the treatment of obesity in place of synthetic drugs (Lordana et al., 2013).

CONCLUSION
Mango tea showed high alkaloid and tannin composition while the combined tea consisting of all the leaves had the most flavonoid and saponin contents. All tea samples exhibited positive in vitro inhibition activity against all the digestive enzymes tested although, they showed greater inhibition effect against lipase than amylase and glucosidase. Notably, the combined tea consisting of equal proportions of the different leaves studied showed the greatest inhibition among all samples against all the enzymes. It can be inferred from the results of this study that the consumption of the extracts could serve as an antidiabetic agent for the treatment of postprandial hyperglycemia. Nonetheless, more toxicological studies on the consumption of the samples in vivo may be required to further validate this report.


Table 1: Formulation of Tea samples
	Sample code
	Mango
	Pawpaw
	Mint
	Guava
	Moringa
	Spices
(Ginger, Garlic, Turmeric)
	Date

	MGO
	80
	0
	0
	0
	0
	10
	10

	PAW
	0
	80
	0
	0
	0
	10
	10

	GUV
	0
	0
	0
	80
	0
	10
	10

	MOR
	0
	0
	0
	0
	80
	10
	10

	ALL
	16
	16
	16
	16
	16
	10
	10


KEY: MGO: Mango Tea; GUV: Guava Tea; PAW: Pawpaw Tea; MOR: Moringa Tea; ALL: Combined Tea with all leaves including Mint
Table 2: Phytochemical Composition of Herbal tea samples
	Samples
	Alkaloid
	Flavonoid
	Saponin
	Tannin
	Total phenolic

	MGO
	2.21a±0.01
	1.89b±0.00
	3.26e±0.03
	4.03e±0.01
	52.09a±0.05

	GUV
	1.35d±0.00
	2.09a±0.03
	3.49d±0.00
	2.73b±0.03
	38.42e±0.02

	PAW
	2.05c±0.02
	1.27d±0.02
	4.07c±0.07
	2.26a±0.01
	48.88b±0.01

	MOR
	1.21e±0.00
	1.62c±0.01
	4.18b±0.00
	3.19c±0.00
	42.42d±0.02

	ALL
	2.12b±0.01
	2.09a±0.03
	5.08a±0.02
	3.57d±0.03
	45.05c±0.03


Values are means of duplicate readings.
KEY: MGO: Mango Tea; GUV: Guava Tea; PAW: Pawpaw Tea; MOR: Moringa Tea; ALL: Combined Tea with all leaves including Mint

Table 3: Antioxidant activities of Herbal tea samples
	Sample

	20
	40
	60
	80
	100
	IC50 (µg/ml)

	MGO
	32.15a±0.00
	36.74b±0.04
	40.30c±0.20
	42.52d±0.05
	52.00c±0.00
	100.72b±1.02

	GUV
	32.30a±0.20
	39.85a±1.85
	42.52b±0.01
	44.44c±0.00
	53.04b±0.03
	92.85c±0.05

	PAW
	20.00d±0.00
	23.85d±0.00
	27.70d±0.01
	32.89e±0.01
	44.44e±0.00
	129.83a ±0.25

	MOR
	25.19b±1.00
	32.74c±0.04
	40.59c±0.13
	47.56b±0.04
	50.81d±0.11
	92.14c±0.14

	ALL
	22.37c±0.03
	32.59c ±0.26
	43.11a±0.11
	51.56a±0.01
	54.67a±0.03
	81.87d±1.02


Values are means of duplicate readings.
KEY: MGO: Mango Tea; GUV: Guava Tea; PAW: Pawpaw Tea; MOR: Moringa Tea; ALL: Combined Tea with all leaves including Mint


Figure 1: DPPH activity against concentration of combined tea sample




Table 4: Lipase inhibition activity of different concentrations (µg/mL) of Herbal tea samples
	[bookmark: OLE_LINK1]Samples
	0.2
	0.4
	0.6
	0.8
	1.0
	IC50

	MGO
	16.34d±0.62
	22.11e±0.54
	28.85c±1.50
	31.73d±0.77
	44.23c±0.77
	1.25a±0.29

	GUV
	27.88b±0.46
	27.88d±0.46
	27.88d±0.46
	27.88e±0.46
	27.88d±0.46
	0.49c±0.07

	PAW
	25.00c±0.00
	31.73c±0.07
	41.35b±0.62
	50.00c±0.00
	64.42b±3.08
	0.47d±0.07

	MOR
	25.00c±0.00
	39.42b±3.08
	41.34b±0.60
	56.73b±0.77
	65.38a±0.04
	0.69b±0.20

	ALL
	35.58a±0.92
	47.12a±0.33
	60.57a±0.69
	67.31a±0.69
	65.38a±0.46
	0.47d±0.07


Values are means of duplicate readings.
KEY: MGO: Mango Tea; GUV: Guava Tea; PAW: Pawpaw Tea; MOR: Moringa Tea; ALL: Combined Tea with all leaves including Mint

Table 5: α-Amylase inhibition activity of different concentrations (µg/mL) of Herbal tea samples
	Samples
	20
	40
	60
	80
	100
	IC50

	MGO
	18.81d±0.08
	23.76e±0.24
	39.60e±0.40
	43.56e±0.44
	49.01e±0.99
	97.52a±0.87

	GUV
	37.13b±1.29
	43.07c±0.69
	52.97b±0.29
	54.95c±0.50
	61.88c±1.19
	60.01c±0.52

	PAW
	31.68c±0.32
	26.73d±0.27
	42.57d±0.43
	50.00d±0.00
	59.41d±0.94
	80.12b±0.94

	MOR
	37.13b±1.00
	49.01b±0.99
	50.99c±1.00
	63.37b±1.34
	77.23a±1.77
	48.27d±0.88

	ALL
	43.56a±0.44
	57.92a±0.79
	63.86a±1.39
	65.84a±1.58
	72.77b±1.23
	27.46e±0.16


Values are means of duplicate readings.
KEY: MGO: Mango Tea; GUV: Guava Tea; PAW: Pawpaw Tea; MOR: Moringa Tea; ALL: Combined Tea with all leaves including Mint. IC50 value = the amount required to inhibit 50% of enzyme

Table 6: α-Glucosidase inhibition activity of Herbal tea samples
	Samples 
	50
	100
	150
	200
	250
	
	IC50

	MGO
	38.79 c±0.31
	51.72b±0.41
	58.19c±0.66
	63.36b±0.07
	69.40c±0.55
	
	106.79d±0.48

	GUV
	43.97a±0.55
	48.28c±0.86
	52.16d±1.72
	56.47d±0.55
	60.34e±0.83
	
	122.63b±1.53

	PAW
	36.60d±0.93
	47.41d±0.38
	59.05b±1.72
	63.36b±0.07
	71.55b±1.72
	
	117.30c±1.90

	MOR
	38.79c±0.31
	43.10e±0.45
	50.86e±0.69
	58.19c±0.66
	67.67d±0.24
	
	138.15a±0.37

	ALL
	39.22b±0.41
	56.47a±0.55
	62.93a±1.03
	68.10a±0.34
	73.28a±0.86
	
	74.75e±0.82


Values are means of duplicate readings.
KEY: MGO: Mango Tea; GUV: Guava Tea; PAW: Pawpaw Tea; MOR: Moringa Tea; ALL: Combined Tea with all leaves including Mint. IC50 value = the amount required to inhibit 50% of enzyme
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