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Formulation and quality evaluation of black tea-infused toffee: An Innovative Confectionary Product
Abstract
Tea plays an integral part in the daily life of most people around the globe. They often consume tea as a morning beverage to energize themselves. Tea has several health benefits, like antioxidative, antimicrobial, cholesterol-lowering, and cardioprotective activity. Despite the widespread consumption, limited options of tea are available that offer convenience to the consumers. The present research work aims to bridge the gap between the need and convenience by changing the form of consumption as tea toffee infused with tea extract (2 to 6 %), providing the consumers a convenient option complementary to fast paced lifestyle. This study formulated a black tea-infused toffee and evaluated its physicochemical and sensory properties via a 9-point hedonic scale. The sensory analysis projected favoured toffee with 4 % tea extract based on a higher sensory quality and overall acceptability score of (7.9/9). The toffee containing 4 % of tea extract formulation successfully balanced the taste, texture, and flavor. This product achieved a successful combination of the nutritional properties of tea with the popularity of a sweet, ready-to-eat treat. Increased tea extract from 0 to 6 % resulted in an increase in ash and fat content, while the decrease in moisture, protein, and carbohydrates projected the nutritional status of tea toffee. 
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1. Introduction
Tea is the second most consumed beverage all over the world following water (Hayat et al., 2015), with 5 billion cups of tea consumed yearly (Uktia, 2023). This widespread consumption can be attributed to the post consumption refreshing and soothing effect of both black and green tea (Einother and Martens, 2013). Green tea (unfermented), oolong tea (semi-fermented) and black tea (fermented) as fermentation base tea categories are commonly preferred by consumers around the globe (Yang and Liu, 2013). Tea is consumed majorly for its stimulatory effects due to the presence of various biological compounds. Black tea consumption has several health benefits, one being to counter the cytotoxicity of arsenic (Ghosh et al., 2021). This can be attributed to the presence of theaflavin in black tea, which is nearly equivalent to the activity of catechins in green tea (Sinha et al., 2003). Tea consumption is also linked with a lowering of LDL cholesterol (Zhao et al., 2015). These advantages can be ascribed to the presence of various biological compounds in tea, like flavonoids, amino acids, and β-carotene, which have cardioprotective, cholesterol-lowering, antioxidant, and antimicrobial effects in humans (Muhammad et al., 2018). Apart from the taste aspect, tea is consumed for its stimulatory effects due to caffeine and L-theanine, leading to increased alertness (Bryan, 2008). Caffeine improves the neurotransmitter activity and shows elevated focus. Thus, tea is consumed to improve work efficiency by individuals in tasks requiring increased attention, like driving, working, and reading. L-theanine is an amino acid which gives tea a mood-improving and relaxing effect while being responsible for the umami taste of tea (Rogers et al., 2008).
With a larger number of people joining the workforce, there has been a significant rise in the acceptability of convenience foods due to the ease of food preparation and consumption (Raj et al., 2021). The increasing trend of acceptability necessitates the development of convenience food options for the staples. Despite the widespread consumption, limited options of tea are available that offer convenience to the consumers. Presently, convenient coffee consumption options are available in the market in the form of chewy toffees and sugar-boiled confectionery. However, there are no such options available for tea. Some available convenient tea options are instant tea powder, tea premix, tea bags, ready-to-drink beverages, pour-and-consume tea cups. The present research work aims to provide the consumer with a convenient and on-the-go option in the form of a convenient toffee. Since tea is mostly consumed hot, it has been documented as a potential reason for burn injuries, especially in younger children (Ciftci et al., 2013). This form of tea can be enjoyed anywhere without fearing the risk of burns while enjoying the benefits of tea.
Toffee is a type of confectionery which consists of milk, sugar, and butter (Belinsky, 2023). It comes under the category of sugar-boiled confectionery and may not refer to a single composition. There are several types of toffees available in the market, like coffee-flavoured toffee, fruit-based toffee, center-filled toffee, and hard, brittle toffee (Chavan et al., 2015). Toffee is generally not considered a beneficial food product due to the absence of health-improving compounds. By incorporating tea extract into toffee, the health benefits of tea can be obtained in a convenient form. Given this present research work is undertaken to explore innovative tea-infused toffee with process standardization, quality evaluation, consumer acceptability and technoeconomic feasibility justification. 
2.  Materials and Methods
Materials 
Milk (cow milk), butter and sugar) were procured from the local market of Pune. Black tea powder incorporated with spices like ginger and cardamom (Brand- Chaayos desi chai) was used to prepare tea extract for enhanced flavour and taste of finished toffee. Aluminum foil was used for unit packaging, and stand-up polyester pouches were used for bulk packaging. 
Preparation of tea extract
Tea extract was prepared by using market-bought black tea powder and distilled water with the help of a rotary evaporator. The concoction was prepared using the tea and water with ratio of 1:20. Filtration was carried out by using household tea strainer followed by Whatman No.1 filter paper. The filtered sample was evaporated in rotary evaporator (82 RPM, 4 h) to obtain tea extract.
Preparation of tea toffee
The acquired raw materials were weighed according to the formulation presented in Table 1. Milk and sugar were blended in a pan and heated at 90 ℃ for 15 min to obtain concentrated sweet milk (Fig. 1). Liquefied butter (7 %) and tea extract (2 %, 4 %, 6 %) were added to this mixture and heated at 100-105 ℃ for 10 min to obtain the toffee mass (Zannat, 2019). The mass underwent a sheeting process followed by cutting and cooling at room temperature. The control sample was prepared without tea extract. Prepared toffees were wrapped with aluminum foil, and bulk packaging (10 units) was carried out in stand-up polyester pouches, followed by storage at room temperature. The tea concentration range of 0 - 6 % was selected based on existing literature and on preliminary sensory evaluations.
Table 1: Formulation of tea toffee
	Sample
	Milk (%)
	Sugar (%)
	Butter (%)
	Tea extract (%)

	S0
	59
	34
	7
	0

	S1
	57
	34
	7
	2

	S2
	55
	34
	7
	4

	S3
	53
	34
	7
	6







Raw material acquisition
(Milk, butter, sugar, tea powder)
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Weighing of raw material[image: ]



Mixing of sugar and milk
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Heating
(Temperature: 90℃; time: 15 min)
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Addition of melted butter[image: ]


Addition of tea extract
(0, 2 %, 4 % and 6 %)[image: ]


Heating
(Temperature: 100-105 ℃; time: 10 min)
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Sheeting, cutting, and cooling (room temperature)
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Packaging and storage

Fig. 1 Flow chart of tea toffee


Sensory evaluation
Sensory analysis was performed using the 9-point hedonic scale (Jatav et al., 2019). The group of 10 semi-trained panelists evaluated the tea toffee based on various sensory attributes (appearance, aroma, texture, taste, and overall acceptability). The demographic characteristics of the panelists are summarized in Table 2.
Table 2 : Demographic profile of sensory panelists
	Demographic Category
	Subgroup
	Count
	Percentage (%)

	Age
	25-34 years
	1
	10%

	
	35 -44 years
	5
	50%

	
	Above 45 years
	4
	40%

	Gender
	Male
	6
	60%

	
	Female
	4
	40%

	Occupation
	Professors
	10
	100%

	Education level
	Postgraduate
	10
	100%

	Toffee Consumption
	Regular
	0
	0

	
	Occasional
	7
	70%

	
	Rarely
	3
	30%





Determination of proximate composition
Moisture content 
The amount of moisture in tea toffee was estimated by using the process described by A.O.A.C. (2005). 5g of sample was placed into weighed petri plate and spread uniformly. The sample was placed in the oven for 3 h at 105 ℃ to eliminate the water content. Later, the dish was cooled at room temperature using desiccator followed by weighing of sample. The percent moisture content in tea toffee was determined by using equation 1.
Moisture (%) =  				---- (Eq 1)
Ash content
The weighed samples (5.0 g) were taken in crucibles, burnt on a hot plate, and then placed in a muffle furnace at 600 °C for 4 h to obtain a light grey ash. The per cent ash content was calculated by using equation 2 (AOAC, 2005).
Ash (%) =   								---- (Eq 2)
Protein content
Proteins in the sample were estimated by the Kjeldahl method (AOAC, 2005) comprising of digestion, distillation, and titration.
1. Digestion: Precisely weighed sample (2 g) was mixed with a digestion mixture (15 g Na2SO4/K2SO4 + 1g CuSO4) in Kjeldahl digestion flask. 25 ml conc. H2SO4 was added followed by vigorous boiling to obtain the clear solution. Heating was continued for 2-3 hours.
2. Distillation: 250 ml distilled water was added to cooled flask followed by addition of zinc pellets and NaOH solution (100 ml). The distillation assembly connection and condenser immersion (below 1 cm in the flask) were rightly executed to eradicate escape of ammonia. The titration of surplus acid with 0.1 N NaOH against blank was carried out to detect percentage of nitrogen (Equation 3) and proteins by the conversion factor.

Nitrogen (%) =		----(Eq 3)
Fat content 
Fat content was assessed using the Soxhlet equipment and the (AOAC, 2005) technique. A thimble comprising of 1.0 g of toffee sample was kept in a beaker containing petroleum ether (50 ml). The heating plate temperature was initially set to 80 ℃ and then increased to 180 ℃ for 1.5 hours. The beaker was placed in a hot air oven to remove the solvent and determine its final weight. The fat content in the sample was obtained by using equation 4. 
  Fat(%) =  						----(Eq 4)	
Carbohydrates 
The carbohydrates were estimated by difference using equation 5 (AOAC, 2005). 
Total carbohydrates (%) = 100 - % (moisture + protein + fat + fibre + ash) ----(Eq 5)
Statistical data
Proximate analysis data was analyzed using one-way Analysis of Variance (ANOVA) to assess differences among toffee formulations (Table 4).	
Cost estimation
The raw material cost was determined taking in account the product formulation and the price of the raw material as per the prevailing market charges. All the calculations were performed based on per day production capacity as 10kg. The profit percent was calculated using equation 6. 
Profit % =  								----(Eq 6)
3. Results and Discussion
The present study highlights on the development, quality evaluation and cost estimation of tea-infused toffee. The obtained results are represented in Table 2 (Raw material composition), Table 3 (Proximate composition), Fig. 2 (Sensory characteristics), and Table 4 (Cost estimation).
Raw material composition
Raw material required to prepare tea toffee was analyzed to ensure the product quality and stability. It was determined that milk contains 87.23 % of moisture content, 0.90 % of ash content, 3.55 % of fat content, 3.72 % of protein content and 5.28 % of carbohydrate content. Whereas butter contains 17.52 % of moisture content, 0.95 % of ash content, 82.14 % of fat content, 0.12 % of protein content, and 0.10 % of carbohydrate content (Table 3).
Table 3: Raw material composition 
	Ingredients
	Moisture content (%)
	Ash content (%)
	Fat content (%)
	Protein content (%)
	carbohydrate content (%)

	Milk
	87.23±2.69
	0.90±0.55
	3.55±0.97
	3.72±0.55
	5.28±1.84

	Butter
	17.52±1.27
	0.95±0.21
	82.14±1.72
	0.12±0.05
	0.10±0.06


Proximate composition of tea toffee
The proximate composition of tea toffee as a prime requirement in determination of its overall quality is determined and presented in Table 4.
The moisture content of food product plays a key role in terms of its shelf stability (Isengard, 2001). An increase in moisture content results in a decrease in the shelf life of the sample and vice versa (Moore, 2020). The moisture content ranged from 6.40 % to 6.50 %. The tea toffee without extract had the highest moisture content (6.50 %). The tea toffee containing 2 % extract has (6.42 %) moisture content, due to hydrophilic polyphenols present in the tea extract (Tsao, 2010). Toffee containing 4 % extract follows behind with (6.41 %) moisture content. However, the lowest moisture content was found in the toffee containing 6 % tea extract (6.40 %). Similar results are reported by Raza (2021) in the preparation of O. bracteatum extract incorporated memory-enhancing milk toffee.
Ash content, which reflects total mineral content, was recorded as 1.08 % to 1.56 %, suggesting essential minerals are present in trace amounts in the sample. These may be influenced by the presence of ingredients such as tea extract and other components (Christine, 2017). Tea toffee containing 6 % extract had the highest ash content (1.56 %) compared to other toffees under investigation. This may be due to a high percentage of extract used in the toffee. Tea toffee containing 4 % extract had (1.34 %) ash content. The lowest ash content was determined from toffee without tea extract (1.08 %), followed by toffee containing 2 % extract (1.08 %). The results are similar to the findings of Kopuk (2024) in the development of a novel type of toffee through soft candy process using sono-crystallisation.
Fat plays an important role in improving mouthfeel, texture, flavour release and the overall richness of the product (Shahidi, 2022). It ranged from 3.90 % to 9.30 % in prepared tea toffee under investigation. The tea toffee without extract had the lowest fat content (3.90 %), while the toffee with 6 % extract had the highest fat content (9.30 %). The tea toffee with 4 % and 2 % extract followed behind with 9.25 % and 9.20 % fat content, respectively. The fat content in tea toffee was most likely derived from ingredients such as butter and milk solids (Silver, 2007). Parallel results are reported by (Adesanya, 2022) in the Physicochemical properties and evaluation of milk toffee.
The protein content was notably low in all toffee samples. Tea toffee without extract had the highest protein content (1.10 %) than others. While tea toffee containing 6 % extract had the least protein content of (0.92 %). Tea toffee with 2 % and 4 % extract had relatively higher (0.95 % and 0.93 %) protein content, respectively. Since the primary ingredients are sugars and fats, protein does not typically play an important role in its formulation. Parallel results were reported by (Choudhary, 2023) for pumpkin-mango blended toffee.
The findings are shown in the Table. 4 indicated that the tea toffee sample mainly consists of carbohydrates, ranging from 81.82 % to 87.42 %. Tea toffee without tea extract has the highest carbohydrate content of (87.42 %). In tea toffee containing 2 % extract, the carbohydrate content was (82.35 %), followed by toffee containing 4% extract (82.07 %). Tea toffee containing 6 % extract had the lowest carbohydrate content (81.82 %).  This is expected as the toffees are primarily sugar-based confectioneries and the high carbohydrate contents contribute to both energy as well as sweetness (Holesh, 2023). Also, presence of substantial amount of sugar makes the confectionery products less prone to microbiological spoilage (Subramaniam, 2016). 
The calculated energy value ranged from 389.18 kcal to 416.00 kcal per 100 g, with tea toffee containing 2 % extract having the highest energy of 416.00 kcal. While tea toffee without tea extract had a low energy of 389.18 kcal. Tea toffee containing 4 % extract had an energy value of 415.25 kcal. The tea toffee containing 6 % tea extract had 414.66 kcal. The energy value of tea toffee, containing 2 % and 4 % extract, aligns with the energy density of sugar and fat-rich confectionery (Drewnowski, 2003). This makes a quick energy source for the consumers.
Overall, the proximate composition confirms the sample as high-energy, high-carbohydrate, moderate-fat and moderate-protein content. This suggests the sample as a convenient, indulgent snack that gives instant energy.
A one-way ANOVA was conducted to evaluate the effect of varying concentrations of tea extract on the physicochemical properties of the toffee formulation, as shown in Table 4. The analysis revealed significant differences among the formulations for protein content, f (3,36) = 23.20, p < 0.001, ash content, f (3,36) = 127.08, p < 0.001, and fat content, f (3,36) = 292.21, p < 0.001. However, no significant differences were observed for moisture content, f (3,36) = 0.25, p = 0.86, and carbohydrate content, f (3,36) = 0.06, p =0.98.
Table 4: Proximate analysis of tea toffee
	Samples
	Moisture Content (%)
	Ash Content (%)
	Fat Content (%)
	Protein Content (%)
	Carbohydrate (%)

	S0
	Toffee without tea extract
	6.50±0.19
	1.08±0.03
	3.90±0.11
	1.10±0.05
	87.42±3.31

	S1
	Toffee containing 2 % tea extract
	6.42±0.04
	1.08±0.03
	9.20±0.34
	0.95±0.00
	82.35±0.52

	S2
	Toffee containing 4 % tea extract
	6.41±0.23
	1.34±0.03
	9.25±0.40
	0.93±0.02
	82.07±3.18

	S3
	Toffee containing 6% tea extract
	6.40±0.11
	1.56±0.05
	9.30±0.08
	0.92±0.03
	81.82±0.37

	Mean
	6.43
	1.27
	7.91
	0.98
	83.01

	p value
	0.86
	<0.001
	<0.001
	<0.001
	4.07

	f value
	0.25
	127.08
	292.21
	23.20
	0.06


S0- Toffee without tea extract (Control)
S1- Toffee containing 2 % tea extract
S2- Toffee containing 4 % tea extract
S3- Toffee containing 6% tea extract
Sensory characterization 
Appearance: The tea toffee containing 2 % extract scored the highest (7.9) in appearance, while tea toffee containing 4 % extract followed closely with a score of (7.8). The toffee without tea extract scored (7.6), and the lowest score (7.5) was scored by a tea toffee containing 6 % of extract. The colour of food products that influences their appearance is one of the important parameters that attract consumers visually (Hutching, 2003). Thearubigins, as a brown tinted heterogeneous polymers of tea catechins (Solomon, 2019) are responsible for the brown colour index of tea toffee. The tea toffee with 2 % extract had a pleasant brown colour due to less tea extract concentrate. While tea toffee containing 6 % tea extract, which is highly concentrated, had a dark brown colour, which was not appealing, making it the least acceptable.
Aroma: In terms of aroma, tea toffee containing 4 % extract had the highest score (7.5), indicating a strong and preferable aromatic profile. Tea toffee containing 2 % tea extract and toffee without tea extract had the same aroma score (7.3). This shows that the tea toffee with 2 % extract had a negligible aromatic profile due to the lower concentration. The tea toffee with 6 % extract had the lowest score (7.1). This may be due to the dark aroma of the extract having a hint of bitterness or astringency due to polyphenols in the tea extract (Ye et al., 2022), which may not be preferable.
Texture: Texture reflected distinct differences between the samples, ranging from a score of (7.0 to 7.8). The texture of tea toffee containing 4 % extract was better, with the highest score of (7.8), indicating desired mouthfeel and chewiness over the toffee without extract, which had a score of (7.1). The tea toffee containing 2 % extract had a score of (7.6), while the tea toffee containing 6 % extract was least favourable with a score of (7.0). Tea extract contains polyphenols, which are generally more hydrophilic (Tsao, 2010) and can bind water molecules, altering the moisture retention of the samples. Toffee with higher extract might have trapped more moisture, affecting its hardness or chewiness of the toffee.
Taste: Taste is an essential characteristic for consumer acceptability. Toffee without extract scored highest (7.8), followed closely by the toffees with 2 % and 4 % tea extract, with a similar score of (7.7). This interprets that tea toffee with the addition of 2 to 4 % extract did not negatively impact on taste and was well accepted by the panelists at both levels. Consequently, 2 to 4 % tea extract has been confirmed as an optimal range that can be used in a tea toffee. The decreased score (7.2) of tea toffee with 6 % extract implied that the excess tea extract may have caused bitterness, astringency, or overpowering flavour, reducing palatability. 
Overall acceptability: Overall acceptability, reflecting overall consumer impression, was highest (7.9) for the tea toffee containing 4% extract, followed by the tea toffee containing 2 % extract with a score of (7.8.) Both tea toffees containing 4 % and 2 % extract scored higher than the toffee without tea extract, 7.6, indicating that the panelists preferred the tea-flavour variants over plain toffee. The tea flavour becomes overpowering at 6 % extract, showing a decrease of 7.1 in its overall acceptability. High concentration may have introduced bitterness or astringency due to polyphenols present in the tea extract (Ye et al., 2022). These findings underline that toffee with 2 to 4 % extract has an optimal window for incorporation and better development of tea toffee.

[bookmark: _GoBack]Fig. 2 Sensory profile of tea toffee
Production cost and profit 
The cost analysis for the toffee indicated that tea toffee production is financially viable for small-scale production. The production cost of 1 kg of product was estimated to be ₹ 719.67, taking into consideration both raw materials  and other operational expenses (Table. 5). The raw materials include milk for ₹ 85.80, sugar for ₹ 28.50, butter for ₹ 130.00 and tea powder for ₹ 40.00, which contributed significantly (₹ 284.30) to the overall cost of tea toffee.  Additional expenses on the top of raw material include labelling and packaging cost (₹ 328.33), labour wages (₹ 100.00), and transportation charges (₹ 2.45). These values demonstrate thoughtful strategy, balancing product quality with affordability. 
The selling cost per packet was turn out to be ₹ 50.00 per packet containing 10 individual units (Table. 5). This results in a selling price of ₹ 5.00 per piece, while the production per piece costs ₹ 3.60. This pricing strategy allows for a profit margin of 28.00 %, which represents a healthy return above the cost price. This margin suggests that the current model is sustainable and offers potential for profit generation, even at a small-scale production.
From a strategic point of view, the cost structure and pricing balance the premium quality with consumer affordability. Adding value-added elements such as attractive packaging and accurate labelling is indicative of a market-ready product that appeals to quality-focused consumers. Furthermore, the cost components provide scope for future optimization, especially in areas such as packaging and raw material sourcing, which could further enhance profitability. The current estimation assumes stable prices for small-scale batch production. As the business escalates, the pricing may fluctuate depending on the market and quantity. Overall, the cost estimation of the project shows the potential of the project’s feasibility and provides a strong foundation for the investment, market and pricing strategy and break-even analysis.
Table 5: Cost analysis of tea toffee
	Particulars
	Ingredients 
	Cost/ kg of product

	Raw material cost
	Milk
	₹ 85.80

	
	Sugar
	₹ 28.50

	
	Butter
	₹ 130.00

	
	Tea powder
	₹ 40.00

	Production cost of tea toffee
	Raw material cost per kg
	₹ 284.30

	
	Packaging charges
	₹ 203.33

	
	Labelling charges
	₹ 125.00

	Overhead charges
	Transportation charges
	₹ 2.45

	
	Labour charges
	₹ 100.00

	
	Utility charges (Electricity, water etc.)
	₹ 4.59

	Production cost/ kg of tea toffee
	₹ 719.67

	Profit (%) calculation
	Cost of 1 unit (200 units/ kg)
	₹ 3.60

	
	Cost of 1 packet (10 units- 50g)
	₹ 36.00

	
	Selling price/ packet (50 g)
	₹ 50.00

	
	Net profit/ packet (50 g)
	₹ 14.00

	Profit (%)
	28.00%


5. Conclusion 
In this research, tea toffee was developed as a convenient and novel confectionery product combining the benefits of tea with the appeal of a sweet dessert. The toffee containing 4 % of tea extract formulation successfully balanced the taste, texture, and flavour. This product achieved a successful combination of the nutritional properties of tea with the popularity of a sweet, ready-to-eat treat. Sensory evaluation showed a positive consumer acceptance for the toffee containing 4 % extract, indicating potential market success. The addition of tea not only added flavour but also contributed to antioxidant activity. The cost estimation showed viability for small-scale production with a 28.00 % profit margin.
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