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Comparative Evaluation of Bioactive Potentials in Functional Tea Infusion of Fermented and Non-Fermented Centella asiatica Blended with Ginger and Green Tea 

ABSTRACT
Aim
To develop and evaluate functional tea infusions from fermented and non-fermented Indian Pennywort (Centella asiatica) leaves blended with ginger and green tea, and to assess their antioxidant, phenolic, flavonoid contents, and sensory qualities.
Study Design
Comparative experimental study of fermented vs. non-fermented formulations of herbal tea blends.
Place and Duration of Study
College of Agricultural Engineering and Post-Harvest Technology, Ranipool (Sikkim), and College of Food Technology, Imphal (Manipur). Duration: 6 months.
Methodology
Fresh C. asiatica leaves and ginger rhizomes were collected, shade-dried, fermented (24 and 30 °C; 90-98% RH) for fermented samples, tray-dried at 60°C, ground, and blended with green tea in varying ratios (70–90% pennywort, 5–15% ginger, 5–15% green tea). Bioactive analysis was done for Antioxidant activity by DPPH assay (mg AAE/tea sachet), Total phenolics by Folin–Ciocalteu method (mg GAE/tea sachet), Total flavonoids by aluminium chloride colorimetry (mg QE/tea sachet) and sensory evaluation by 9-point hedonic scale with 10 panelists for color, aroma, taste, mouthfeel, and acceptability.
Results
Non-fermented formulations showed higher antioxidant activity, phenolic, and flavonoid contents than fermented ones. The best performing formulation was the non-fermented sample 2a (22.09 mg AAE, 13.59 mg GAE, 10.31 mg QE/tea sachet) but the fermented sample 1a had good antioxidant activity (18.16 mg AAE) and was most preferred in sensory evaluation for color, aroma, and overall acceptability. The fermentation slightly reduced bioactive content but improved sensory qualities.
Conclusion
Non-fermented C. asiatica tea blends retain more bioactive compounds and antioxidant activity, making them potent functional beverages. Fermented teas, though lower in bioactive content, scored higher in sensory appeal. Blending C. asiatica with ginger and green tea provides a balanced functional tea with both health benefits and consumer acceptability.
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1. INTRODUCTION
Locally known as "Peeruk" in Manipur, Centella asiatica (L.) is a tiny, stoloniferous, perennial herb that is a member of the Apiaceae family. It is found in many tropical and subtropical areas regions of South East Asia, India, Sri Lanka, China, Western South Sea Island areas, Madagascar, South Africa, South East USA, Mexico, Venezuela and Eastern South America (Seevaratnam et al., 2012). The herb is recognized for its reniform leaves, creeping stalks, and unique aroma. Because of its wide pharmacological and nutritional profile, C. asiatica, sometimes referred to as Indian or Asiatic pennywort, has been utilized for ages in traditional medical systems including Ayurveda, Traditional Chinese Medicine (TCM), and folk healing practices. Centella asiatica is regarded as "brain food" in Indian ethnomedicine due to its purported nootropic qualities, which include improving focus, memory retention, and cognitive function. Phytochemicals such as asiaticoside, madecassic acid, brahmic acid, flavonoids, saponins, and essential oils are thought to be responsible for this medicinal effect. The plant's high phenolic and flavonoid content, which includes epicatechin, rutin, quercetin, kaempferol, and catechin, is primarily responsible for its antioxidant properties (Hussin et al., 2009; Mustafa et al., 2010). These substances inhibit oxidative stress-induced cellular damage by scavenging free radicals (Cao et al., 1997). 
C. asiatica is used as a medicinal agent as well as a functional food. In many Asian cultures, it has long been used in salads, soups, juices, and beverages. For example, it is utilized in regional dishes like "singju" and "kangsu" in Manipur. It is a refreshing beverage that is popular in China and Thailand for its ability to cleanse the body and quench thirst. According to Seevaratnam et al. (2012), it is a component in the traditional Indian beverage "Thandaayyee." According to Prakash et al. (2017), the herb is used medicinally to treat cholera, hepatitis, syphilis, neuralgia, ulcers, rheumatism, varicose veins, and skin conditions like eczema and leprosy. Its anti-inflammatory, anti-ulcer, antiviral, neuroprotective, adaptogenic, and wound-healing activities have all been validated by pharmacological research (Brinkhaus et al., 2000; Zahara et al., 2014). Clinical studies have also demonstrated the herb's antidepressant and anti-anxiety properties; consistent use has been associated with lowered stress levels and enhanced attention span (Jana et al., 2010). However, the International Union for Conservation of Nature (IUCN) has identified C. asiatica as a vulnerable species because of overexploitation and rising demand in the pharmaceutical and nutraceutical industries (Zahara et al., 2014).
Consuming natural, plant-based functional meals with antioxidant and health-promoting properties has become more popular worldwide in recent years. Tisanes, another name for herbal teas, are non-caffeinated concoctions prepared from different sections of herbs and have grown in popularity because of their restorative and medicinal qualities (Aoshima et al., 2007). Rich in bioactive chemicals, these herbal teas are thought to provide a variety of health benefits, from increased immunity and cardiovascular protection to better digestion and relaxation. The importance of herbs like C. asiatica is highlighted by the fact that almost 80% of the world's population receives their main medical treatment from plant-based traditional medicine, according to the World Health Organization (WHO). Blending herbal tea formulations with other botanicals, such green tea's Camellia sinensis and ginger's Zingiber officinale, can have a synergistic impact. Gingerol and shogaol are two of the chemicals that give ginger its well-known anti-inflammatory, carminative, and thermogenic properties (Prasad & Tyagi, 2015). However, catechins, epigallocatechin gallate (EGCG), and other polyphenols found in green tea are recognized to have strong antioxidant and cardioprotective properties (Senanayake, 2013).
Few studies have examined the use of C. asiatica in fermented and non-fermented tea formulations, particularly when combined with ginger and green tea, despite the substantial pharmacological evidence demonstrating its therapeutic potential. A critical stage in the processing of tea, fermentation can change the phenolic profile, impact taste qualities, and impact antioxidant capacity. According to earlier research, fermentation may improve color and flavor, but it may also break down some polyphenols, which could reduce the product's total bioactivity (Heong et al., 2011). Therefore, the purpose of this study is to combine fermented and non-fermented C. asiatica leaves with Zingiber officinale and Camellia sinensis in order to create and assess an antioxidant-rich herbal tea. The particular goals are:
1. To develop and standardize a functional tea blend using fermented and non-fermented C. asiatica.
2. To assess the antioxidant, phenolic, and flavonoid content of the formulated samples.
3. To compare the effect of fermentation on the phytochemical profile and sensory characteristics.
2. MATERIALS AND METHODS
2.1 Raw Materials and Ingredients 
Fresh leaves of Centella asiatica (Peeruk) and rhizomes of Zingiber officinale (Sing) were collected from local farms in Imphal, Manipur (India). The raw materials were sorted, washed thoroughly, and shade-dried for 3–4 days. After complete drying, the materials were ground and sieved to a uniform particle size suitable for tea infusion.
2.2 Fermentation of the Centalla asiatica leaves
In order to guarantee consistent enzymatic oxidation, Centalla asiatica leaves were fermented under controlled environmental chamber following withering and rolling. On fermentation trays in a fermentation chamber, the temperature is kept between 24 and 30 °C and the relative humidity is kept between 90 and 98 percent, the rolled leaves are spread out in thin layers (2 to 5 cm). The leaf mass is kept from overheating while receiving enough oxygen to support polyphenol oxidase action. Fermentation was done for 3 hours which also depends on the type of leaves and the desired quality characteristics. In order to stop enzymatic activity, the final moisture content was kept roughly at 2–3%, and stabilize the leaves for storage and kept for further study, the procedure is finished by drying it in hot-air dryers set at 60°C.
2.3 Formulation of Green Herbal Tea
Tea sachets were prepared by blending different ratios of fermented and non-fermented Centella asiatica leaves with powdered Zingiber officinale based on preliminary organoleptic and antioxidant performance trials. The formulations were standardized and packed in 2 g sachets using food-grade filter paper (Table 1 and Table 2).
Table:.1 Formulation of Fermented and Non – Fermented C. asiatica Tea (% Composition)
	Serial No.
	Formulation Code
	Sample Type
	C. asiatica (%)
	Ginger (%)
	Green Tea (%)

	1
	1A
	Fermented 
	70
	15
	15

	2
	1B
	Fermented
	80
	10
	10

	3
	1C
	Fermented
	90
	5
	5

	4
	C1 (Control)
	Fermented
	100
	0
	0

	5
	2A
	Non - Fermented
	70
	15
	15

	6
	2B
	Non - Fermented
	80
	10
	10

	7
	2C
	Non - Fermented
	90
	5
	5

	8
	C2 (Control)
	Non - Fermented
	100
	0
	0



Table: .2 Formulation of Fermented and Non – Fermented C. asiatica Tea (Ingredient quantity per 2g sachet)
	Ingredients
	1A(g)
	1B(g)
	1C(g)
	2A(g)
	2B(g)
	2C(g)

	C.asiatica 
	1.4
	1.6
	1.8
	1.4
	1.6
	1.8

	Ginger
	0.3
	0.2
	0.1
	0.3
	0.2
	0.1

	Green Tea
	0.3
	0.2
	0.1
	0.3
	0.2
	0.1

	Total
	2.0
	2.0
	2.0
	2.0
	2.0
	2.0


2.4 Preparation of Instant C. asiatica Tea bags
Instant C.asiatica Tea bags is prepared by mixing of C. asiatica powder with ginger and green tea powder. The prepared tea mixed is then sealed in tea bags (sachets) and used for sensory evaluation and shelf-life study (Fig.1). 
Fresh Centella asiatica Leaves & Ginger Rhizomes
↓
Sorting and Washing
↓
Shade Drying (3–4 days)
↓
Fermentation (for fermented samples only)
↓
Grinding and Sieving
↓
Packaging in 2 g Tea Sachets
↓
Storage in Airtight Container

Fig 1: Flowchart for preparation of formulated Instant C. asiatica tea.

2.5 Standardization method for preparation of Ready-to-serve C. asiatica tea.
The method standardization for preparation of Instant C.asiatica tea includes boiling of required amount of water in a saucepan. Pour the hot water (100 ml) into the cup and dip the tea bag (2g) into the hot water for 5 minutes. Honey can be added to enhance the taste and flavour (Fig. 2).
Fresh Centella asiatica Leaves & Ginger Rhizomes
↓
Sorting and Washing
↓
Shade Drying (3–4 days)
↓
Fermentation (for fermented samples only)
↓
Grinding and Sieving
↓
Blending in Different Ratios
↓
Packaging in 2 g Tea Sachets
↓
Storage in Airtight Container
Fig. 2: Flowchart for preparation of instant C. asiatica tea
2.6 Determination of Total Phenolic Content (TPC)
The Total Phenolic Content (TPC) of the tea infusions was determined using the Folin–Ciocalteu method as described by Tahirović et al. (2014) with slight modifications. A standard solution of gallic acid (1 mg/ml) was prepared by dissolving 100 mg of gallic acid in 100 ml of distilled water. A working standard (0.1 mg/ml) was obtained by diluting 10 ml of the stock solution to 100 ml with distilled water. A calibration curve was generated using 0.2 ml, 0.4 ml, 0.6 ml, 0.8 ml, and 1.0 ml of the standard, with each volume made up to 1 ml with distilled water. For the samples, 0.1 ml and 0.5 ml aliquots of tea infusions were taken and also adjusted to 1 ml with distilled water. To each standard and sample, 0.5 ml of 4 times diluted Folin–Ciocalteu reagent was added and mixed thoroughly, followed by a 5-minute incubation at room temperature. Then, 2 ml of 8% sodium carbonate (Na₂CO₃) was added to initiate the reaction. After 30 minutes of incubation at room temperature, the absorbance was measured at 750 nm using a Labman Double Beam UV–Vis spectrophotometer. A blank sample was prepared using reagents and distilled water only. The TPC was calculated using the standard curve (y = 0.0183x – 0.4909; R² = 0.9569) and expressed as mg gallic acid equivalent (GAE) per tea sachet (2 g).
2.7 Determination of Total Flavonoid Content (TFC)
The total flavonoid content (TFC) of tea infusions was estimated using the aluminium chloride (AlCl₃) colorimetric method. Quercetin was used as the standard reference compound. A stock solution of quercetin (1 mg/ml) was prepared by dissolving 100 mg in 4 ml of ethanol and making up the volume to 100 ml with distilled water. Calibration standards were prepared using 0.2, 0.4, 0.6, 0.8, and 1 ml of the stock solution, and each was diluted to 1 ml with distilled water. For the samples, 0.5 ml and 1 ml of tea infusion were taken and adjusted to 1 ml with distilled water. To each tube (both standards and samples), 0.6 ml of 5% sodium nitrite (NaNO₂) solution was added and allowed to stand for 5 minutes. Subsequently, 0.6 ml of 10% aluminium chloride hexahydrate (AlCl₃·6H₂O) solution was added and the mixtures were incubated for another 6 minutes. Following this, 2 ml of 2N sodium hydroxide (NaOH) and 3 ml of distilled water were added to bring the total volume to approximately 10 ml. The solutions were incubated at room temperature for 10 minutes, and the absorbance was measured at 510 nm against a blank using the same spectrophotometer. The total flavonoid content was determined using the standard curve (y = 0.002x + 0.0081; R² = 0.997) and expressed as mg quercetin equivalent (QE) per tea sachet (2 g).
2.8 Determination of Antioxidant Activity (DPPH Assay)
The antioxidant activity of the tea infusions was measured using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging method, as described by Brand-Williams et al. (1995) with modifications. A 0.1 mM DPPH solution in methanol was prepared freshly. For the assay, 1 ml of tea extract was mixed with 3 ml of the DPPH solution. The mixture was shaken vigorously and incubated in the dark at room temperature for 30 minutes. Absorbance was measured at 517 nm using a UV–Vis spectrophotometer against a blank containing methanol instead of the sample. The antioxidant activity was calculated as a percentage of DPPH inhibition using the formula:
% DPPH free radical scavenging activity = 
Where A0 is the absorbance of the blank or control and A1 is the absorbance of the sample or ascorbic acid. The results were expressed as % DPPH radical scavenging activity per tea sachet (2g). The total antioxidant capacity of the tea samples was calculated from the standard Ascorbic acid curve, y=1.4791x+13.876, R² = 0.9383 and expressed in terms of mg AAE (Ascorbic Acid Equivalent) per tea sachet (2g) (mg AAE/tea sachet).
2.9 Sensory evaluation 
Sensory analysis of the formulated herbal teas was conducted using a semi-trained panel of 10 members from the department. The evaluation was performed using a 9-point hedonic scale (1 = dislike extremely, 9 = like extremely) for five sensory attributes: colour, aroma, taste, mouth feel, and overall acceptability. Each panellist was provided with coded samples of tea infusions (200 ml each) in randomized order and instructed to rinse their palate with warm water between samples. The evaluation was carried out in a controlled environment under uniform lighting and temperature. 
2.10 Statistical Analysis
All experiments were performed in Triplicate, and data were recorded as mean ± standard deviation. Results of TPC, TFC, and antioxidant activity were analyzed using Microsoft Excel. Sensory data were analyzed using descriptive statistics, and sample comparisons were made to determine the most acceptable formulation. The mean scores were calculated and statistically analyzed using ANOVA.
3. RESULTS AND DISCUSSION
3.1 Antioxidant Activity
Non-fermented formulations had greater antioxidant potential than their fermented counterparts, according to the antioxidant activity of the prepared tea samples, which was measured as mg AAE/2 g tea sachet. From the Fig. 4 and Fig.3, it can be observed that the sample with the highest activity was non-fermented 2a (22.09 ± 0.43 mg AAE/2 g), which was followed by fermented 1a (18.16 ± 0.48 mg AAE/2 g). C1 was the fermented control with the lowest activity (2.01 ± 0.91 mg AAE/2 g). Heat- and oxygen-sensitive phenolic chemicals, which are broken down during fermentation, are preserved in non-fermented tea, which explains its increased antioxidant activity (Heong et al., 2011). According to similar findings by Zainol et al. (2003), undamaged phenolics and flavonoids in fresh C. asiatica leaves maintain more radical scavenging activity than in processed forms. In line with Ajayi and Oyerinde (2020), who discovered that ginger infusion raised micronutrient and antioxidant levels in herbal teas, the mixture of ginger and green tea further enhanced antioxidant capacity. The main bioactive in ginger that aid in scavenging free radicals are gingerol and shogaol (Dugasani et al., 2009). According to Namal Senanayake (2013), green tea catechins, especially epigallocatechin gallate (EGCG), also work in concert to increase antioxidant capacity. Thus, the results show that antioxidant potential is greatly influenced by the processing method (fermentation vs. non-fermentation) and ingredient composition (ratio of ginger to green tea).

Fig. 3.: Variation of TAC with different fermented samples of C. asiatica tea

Fig. 4: Variation of TAC with different non fermented samples of C. asiatica tea
3.2 Total Phenolic Content (TPC)
The antioxidant activity of plant-based beverages is significantly influenced by phenolic chemicals. From the Fig 5 and Fig 6, it can be observed that the fermented control C1 recorded the lowest TPC (5.25 ± 1.45 mg GAE/2 g), while the non-fermented sample 2a displayed the greatest TPC (13.59 ± 2.89 mg GAE/2 g). According to Trirattanapikul and Phoungchandang (2014), who documented phenolic loss in C. asiatica over extended fermentation and drying, the decrease in phenolic concentration upon fermentation indicates partial breakdown of polyphenols into simpler molecules. This study clearly shows a direct relationship between TPC and antioxidant activity, supporting previous findings by Sherin and Jamuna (2010) that found proportionality between polyphenol levels and the ability of herbal extracts to scavenge radicals. The findings are also consistent with those of Hussin et al. (2009), who found that the main radical scavengers in C. asiatica are phenolic hydroxyl groups.

Fig. 5: Variation of TPC with different fermented samples of C. asiatica tea

Fig. 6: Variation of TPC with different non fermented samples of C. asiatica tea
3.3 Total Flavonoid Content (TFC)
A similar pattern was seen in the flavonoid content, with larger quantities seen in non-fermented samples. From the Fig 7 and Fig 8, it can be observed that the TFC was lowest in fermented control C1 (1.17 ± 0.39 mg QE/2 g) and highest in non-fermented 2a (10.31 ± 0.18 mg QE/2 g). C. asiatica is rich in flavonoids such quercetin, catechin, and kaempferol (Mustafa et al., 2010), and during fermentation, its content is subject to decrease due to enzymatic oxidation. Once more, the idea that flavonoids constitute significant contributors to the total antioxidant potential is supported by the relationship between flavonoid content and antioxidant activity (Cao et al., 1997). Studies by Armoskaite et al. (2011) also showed that adding green tea, a rich source of catechins, increased the levels of flavonoids.

Fig. 7: Variation of TFC with different fermented samples of C. asiatica tea

Fig. 8: Variation of TFC with different non fermented samples of C. asiatica tea
3.4 Sensory Evaluation
Color, taste, aroma, astringency, and bitterness were among the sensory qualities that were assessed. From the Table 1 it can be seen that the highest ratings for color (7.0) and aroma (7.5) were given to fermented sample 1a, indicating that fermentation improves both visual and olfactory appeal by encouraging the production of volatile chemicals and products of the Maillard reaction. This is consistent with earlier research showing that controlled fermentation enhanced herbal teas' sensory appeal (Aoshima et al., 2007). With respective scores of 6.5, fermented formulation 1b and non-fermented formulation 2c were the most favored in terms of flavor. Fermented formulation 1a obtained the highest score (6.83) for bitterness, indicating that the distinctive flavor of C. asiatica was retained. The highest levels of astringency were found in formulations 1a and 2b, which may be related to the tannin concentration. Fermented samples 1a and 1b had the greatest overall acceptability (6.67), suggesting that although non-fermented teas had higher antioxidant and phenolic content scores, fermented teas offered better sensory satisfaction. This discrepancy emphasizes how important it is to balance functional and sensory aspects while creating new products. Fermented teas may still be appreciated despite having lower antioxidant content because consumers frequently place a higher value on flavor and scent.
Table 3.  9-Point Hedonic Scores for evaluation of Sensory Parameters of Centella asiatica tea
	Samples
	C1
	1a
	1b
	1c
	C2
	2a
	2b
	2c

	Colour
	6.05
	7
	6.33
	6.67
	5.49
	6.17
	6.17
	6.50

	Taste
	5.56
	6.33
	6.50
	6.33
	6.02
	5.67
	5.67
	6.50

	Aroma
	5.84
	7.50
	6.83
	5.83
	6.12
	6.17
	6.00
	6.17

	Astringency
	5.61
	6.50
	6.17
	6.17
	5.96
	5.67
	6.50
	6.17

	Bitterness
	5.73
	6.83
	6.17
	5.83
	5.58
	6.00
	5.67
	6.33

	Overall Acceptability
	5.65
	6.67
	6.67
	6.50
	5.83
	5.67
	5.33
	6.00


4. CONCLUSION
This study showed that the quality of Centella asiatica tea blended with ginger and green tea is significantly influenced by processing and formulation. The highest levels of antioxidant activity, phenolic content, and flavonoid content were found in the non-fermented samples, especially 2a, indicating that non-fermentation better maintains bioactive chemicals. On the other hand, fermented samples like 1a and 1b performed better in sensory evaluation, particularly in terms of color, aroma, and general appeal. These results imply that while fermented teas are favored for their sensory attributes, non-fermented teas are better suited as useful, antioxidant-rich drinks. All things considered, adding C. asiatica to ginger and green tea resulted in herbal teas that were appealing to consumers and had nutritional advantages, demonstrating their potential as value-added nutraceutical beverages.
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TPC (mg GAE/tea sachet)
TPC(mg GAE/tea sachet)	1a	1b	1c	C1	9.4	7.6499999999999995	7.13	5.25	Samples (Fermented)
TPC (mg GAE/tea sachet)
TPC (mg GAE/tea sachet)
TPC (mg GAE/tea sachet)	2a	2b	2c	C2	13.59	11.48	8.51	6.67	Samples (Non Fermented)
TPC (mg GAE/tea sachet)
TFC (mg QE/tea sachet)
TFC(mg QE/tea sachet)	1a	1b	1c	C1	6.72	4.3199999999999985	3.57	1.170000000000001	Samples (Fermented)
TFC (mg QE/tea sachet)
TFC (mg QE/tea sachet)
TFC(mg QE/tea sachet)	2a	2b	2c	C2	10.31	9.7200000000000024	5.64	2.77	Samples (Non Fermented)
TFC (mg QE/tea sachet)
TAC (mg AAE/tea sachet)	1a	1b	1c	C1	18.16	10.08	6.39	2.0099999999999998	Samples (Fermented)
TAC (mg AAE/tea sachet)
TAC (mg AAE/tea sachet)	2a	2b	2c	C2	22.09	13.719999999999999	7.85	2.7600000000000002	Samples (Non Fermented)
TAC (mg AAE/tea sachet)



