Journal of Food Research; Vol. 4, No. 6; 2015
ISSN 1927-0887  E-ISSN 1927-0895
Published by Canadian Center of Science and Education

Antioxidant Capacity and Consumer Acceptability of
Spiced Black Tea

Simon Oduor Ochanda', John Kanyiri Wanyoko' & Henrik Kipngeno Ruto'
' Kenya Agricultural and Livestock Research Organization — Tea Research Institute (KALRO —TRI), Kenya

Correspondence: Henrik Kipngeno Ruto, Kenya Agricultural and Livestock Research Organization — Tea
Research Institute (KALRO —TRI), Kenya. E-mail: rutohenrik@yahoo.com

Received: August 4,2015  Accepted: October 14,2015  Online Published: November 16, 2015
doi:10.5539/jfr.v4n6p104 URL: http://dx.doi.org/10.5539/jfr.v4n6p104

Abstract

Value addition of bulk curl tear cut (CTC) black tea is important to meet emerging customer needs and address
challenges in a competitive beverage market. Spicing of the tea is one way of value addition but little or no
research has been done on the biochemical effect of blending tea with spices and consumer acceptability. A study
was conducted to determine the effect of spices on consumer acceptability; pricing and anti-oxidant capacities of
black CTC tea consumed in the Kenyan market. Six spices and a spice mix including; ginger, lemon grass,
nutmeg, cinnamon, rosemary and tea masala were used to develop aerated spice tea. The spice mix-tea masala
comprised of ginger, cinnamon, cardamoms, cloves, black pepper and nutmeg. The threshold levels of spice-tea
blends for commercial purposes were demonstrated using three highly rated spices i.e. cinnamon, lemon grass
and ginger. Economic costing was done using the cinnamon spiced-tea. The results showed that black tea had the
highest antioxidant activity of 92.66% against that of the highest spice cinnamon 89.89%. Antioxidant activity of
spiced tea significantly (P<0.05) decreased with the quantity of added spice. Spices significantly (P<0.05)
increased consumer preference of the black tea and the preferred spice-mix ratios also differed. Some spices
were preferred more than others as shown by the three best rated spice-tea mixes including; cinnamon at 10%
lemon grass at 5% and ginger at 15% which had mean scores of 6.74, 6.35 and 6.58 respectively on a hedonic
scale.
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1. Introduction

Kenya consumes 5% of the tea it produces as black (aerated) Cut Tear and Curl Tea (Anon., 2011; ITC, 2010). A
recent survey conducted by Tea Research Institute, showed over 50% of imported teas sold in retail stores and
supermarkets are spiced and that a growing number of packers and blenders were increasingly developing
flavored teas.

Currently the world tea market is facing competition from other beverages and there are an increasingly high
number of consumers with different needs. Value addition is one way of meeting such challenges. According to
(Herath & De Silva, 2011) value addition of tea can be done through brand building and product differentiation.
Spicing of tea is one way of product differentiation and brand development. Spices have been widely used to
modify the flavors of foods and beverages so as to make them more appealing to consumers. Different spices are
suitable for different foods while others have a broad range of application. In the Kenyan market, some spices
are used with a variety of foods while others are specifically sold for specific foods like tea (tea masala
lemongrass and ginger) and rice (pilau masala).

Apart from the flavors and aroma, spices have some nutritional value, exhibit antioxidant activity and
antimicrobial effect among other numerous health benefits which can be championed to sell the tea product
(Benkeblia, 2004; Bullerman, Lieu, & Seier, 1977; Choi et al., 2002; Holt, Katz, & Kirshoff, 2005; Jagetia,
Baliga, Venkatesh, & Ulloor, 2003; Lelgo, Kamunya, Ochanda, & Wanyoko, 2011; Ochanda et al., 2011; Ruto,
Moseti, Koech, & Wanyoko, 2014). This study was focused on evaluating the effects of adding spices to black
tea manufactured from cultivar TRFK 6/8 against consumer acceptability and effect on antioxidant potential of
blended spiced tea.
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2. Materials and Method

The work was carried out in phases which included; processing of the aerated black tea, developing flavored teas
by blending the processed black tea with selected spices including ginger, lemon grass, nutmeg, cinnamon, tea
masala, and rosemary and determining consumer preferences of the products. Different ratios of tea and spices
were blended and the resulting products assessed using a sensory panel. The results of the sensory panel were
statistically analyzed to identify consumer preferences.

2.1 Raw Materials

Powdered spices manufactured by tropical heat, including ginger, lemon grass, nutmeg, cinnamon, tea masala,
and rosemary were obtained from local retail stores in Kericho, Kenya. Green leaf from TRFK 6/8 variety was
used. This clone is a standard for quality black tea (Karori, Wachira, Ngure, & Mireji, 2014; Ochanda, Wanyoko,
& Ruto, 2015).

2.2 Black Tea Processing

Black and green tea from cultivar TRFK 6/8 was processed in a miniature factory at Tea Research Institute (TRI),
Kericho, Kenya and used to develop the flavored teas. Fresh leaf was plucked and processed using the method
described by (S O Ochanda et al., 2011; Willson & Clifford, 1992). The first step after plucking was withering
and was done by laying out fresh leaves on a withering trough for 18hrs to achieve a moisture content of 65%.
The withered leaf was then macerated in a CTC machine to get a dhool. The dhool was put in a fermentation
chamber for 45-90 minutes to achieve a copper red colour and ensure optimum oxidation with theaflavins to
thearubigins ratio of 1:10. Drying was then performed in a fluid bed dryer at temperatures of 100°c to achieve a
moisture content of 3-4%. The tea at this point is black and has established an aroma. The resulting tea was
subjected to biochemical assay to profile its composition before blending with spices.

2.3 Spiced Aerated Tea Development

The research was carried out in three phases; (1) Processing and development of aerated (black) spiced tea
products by blending the aerated tea with the spices at different ratios, (2) Determination of the effects of the
additives on antioxidant capacities and consumer acceptability of the teas and (3) Economic, statistical analysis
and data interpretation. Initially the six spices were blended with the tea at high percentages of 25, 50 and 75%
and later lowered to 5, 10, 15 and 25% to determine economic threshold levels.

2.4 Biochemical Assays
2.4.1 Determination of Catechins and Polyphenols

Aerated (black) tea from TRFK 6/8 was assayed for quality through catechins, caffeine and Gallic acid profiling.
Extraction of catechins and polyphenols was done according to the procedure described by Karori et al (Karori,
Wachira, Wanyoko, & Ngure, 2007). HPLC analysis was done according to ISO procedure and as described by
(ISO14502-2-2005E., 2005; Karori et al., 2007). Catechin identification was done by comparing the retention
times of samples and standards under similar conditions. Total polyphenol content was determined using the
folin-ciocalteu method as described by (Kerio, Wachira, Wanyoko, & Rotich, 2013; Koech & Wachira, 2013)

2.4.2 Determination of Plain Tea Quality Parameters

Oxidation products i.e. theaflavins and thearubigins, are responsible for black tea quality and can be determined
by a method described by ref (Mohd Nasir, 2012; Roberts & Smith, 1961). This method was also used to
determine other quality parameters such as color and brightness, indicators of tea quality.

2.4.3 Determination of Antioxidant Properties

The antioxidant properties of all the spices and spiced acrated tea from TRFK 6/8 were determined using the
method described by (S O Ochanda et al., 2011). The stable 2,2-diphenyl-1-picrylhydrazyl radical (DPPH) analar
grade, was used for determination of free radical scavenging ability of aerated tea and spice aerated tea.

2.5 Sensory Evaluation

Thirty six (36) developed spiced black tea products from TRFK 6/8, were subjected to sensory evaluation. Two
(2) grams of each product were infused in 250mls of with hot water and sweetened with 2grams of sugar. The
brew was served hot in clear 175ml glasses. Thirty (30) panelists were used to evaluate all the products. To avoid
olfactory fatigue, each spiced product was evaluated at different sessions. Panelists used were of both male and
female and their ages ranged between 18-65yrs (Meilgaard, Civille, & Carr, 1999; Miller & Bartoshuk, 1991;
Moraes, 1993). Explation of the test to the panelists was done to ensure that they understood what the exercise
entailed. Sensory attributes and the questionnaire were explained (IDF, 1987; Meilgaard et al., 1999; Miller &
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Bartoshuk, 1991; Moraes, 1993). Sensory panelists’ used clean water to rinse palate after every evaluation.
Sensory evaluation was done in a room with ambient light. Five attributes were evaluated; taste, smell, texture,
acceptability, and color, using a 9 point hedonic scale, 1=dislike extremely; 2=dislike much; 3=dislike
moderately; 4= dislike slightly, 5=neither dislike nor like, 6=like slightly; 7= like moderately; 8=like much,
9=like extremely (IDF, 1987; Meilgaard et al., 1999). Taste as used in this article was a consumer assessment of
flavor. The sensory evaluation data was presented as means of five groups of panelist’s scores using SAS 9.1
Statistical package (SAS Institute Inc., n.d.). Significance was evaluated at P<0.05 (Carpenter, 1960; Cass, 1980;
Cochran, 1977).

2.6 Economic Evaluation

The best rated spiced tea was used to determine economic threshold values for the consumer market. Prices of
aerated (black) tea products, cinnamon, tea masala, ginger (Tangawizi) spices and their tea-mixes were obtained
and used for economic evaluation and analysis. Statistical evaluation was used to determine significant
differences in prices (P<0.05) (Carpenter, 1960; Cass, 1980; Cochran, 1977).

3. Results and Discussion

Spices significantly (P<0.05) lowered antioxidant activities of the black tea from clone TRFK 6/8 as shown in
Table 1 below. As the spice to tea ratio was increased antioxidant activity was further lowered (Choi et al., 2002;
Karori et al., 2007; Yen & Duh, 1994; Zong-Mao, Wang, Xiao-Qingyou, & Xu, 2005). This decline however,
should not be used to rate the potential health benefits of spiced tea since have other intrinsic benefits of their
own (Holt et al., 2005; Jagetia et al., 2003; Lai & Roy, 2004; Nielsen & Rios, 2000), but further studies should
be done to evaluate health benefits of spiced black tea blends. Most of these spices used in the study have been
associated with unlimited health benefits which may be useful during marketing of spiced tea (Benkeblia, 2004;
Bullerman et al., 1977; Crespy & Williamson, 2004; Crozier, Jaganath, & Clifford, 2009; Guynot et al., 2003;
Wang, Provan, & Helliwell, 2000; Zong-Mao et al., 2005).

Table 1. Antioxidant capacities of selected Spices and TRFK 6/8

Spice Spice (%) Tea (%) Antioxidant Activity (%)
N/A N/A 100 92.66%£0.47
Cinnamon 100 N/A 89.89°+0.81
Ginger 100 N/A 69.23%+0.45
Rosemary 100 N/A 89.47+0.50
Tea masala 100 N/A 55.70'+1.16
Nutmeg 100 N/A 46.99™+0.29
Ginger 5 95 88.31%+£0.29
Ginger 10 90 86.39"+£0.37
Ginger 15 85 85.65'+0.22
Ginger 25 75 84.40+0.14
Ginger 100 N/A 69.235+0.45
Cinnamon 5 95 91.94°+0.06
Cinnamon 10 90 91.74°+0.09
Cinnamon 15 85 90.61°+0.04
Cinnamon 25 75 89.51%+0.47
Cinnamon 100 N/A 89.89°+0.81
Nutmeg 5 95 90.88°+0.06
Nutmeg 10 90 90.66°+0.04
Nutmeg 15 85 90.51°%+0.08
Nutmeg 25 75 90.04%+0.04
Nutmeg 100 N/A 46.99™+0.29
Mean 84.14
LSD(0.05) 0.70

CV (%) 0.50

Means in the same column with the same letters are not significantly different. (P>(0.5). N/A=Not Added.
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Table 2(a). Effect of spices on consumer acceptability of black tea from TRFK 6/8

Concentration  Spice Taste Smell Texture Acceptability  Color Mean
0% Ginger 6.31°£0.77  5.94°+0.92  6.04+2.38  5.78+2.10 587135 5.88
25% 624032 625™£1.01  6.73%+0.28  6.54*+0.71 6.28+1.10  6.24
50% 6.75+0.54  6.00'+0.28  6.30°t1.26  5.61%+1.50 5.77°+1.04  6.67
75% 6.96+0.28  6.53°t122  6.21+0.89  6.61%t1.30 565171  6.35
Mean 6.57 6.18 6.32 6.13 6.17 6.29
LSD(0.05) L14 0.43 2.27 138 0.04

CV (%) 8.68 3.45 17.99 11.29 0.33

0% Lemongrass  6.48°£0.44  6.67°+0.36  6.52°+0.21  6.81°+0.21 6.57°+0.80  6.61
25% 6.81°£0.17  6.53°+0.30  5.71°+0.76  6.23°+0.65 5.81°£0.57  6.22
50% 7.29%+£029  7.19"+0.78  6.76™+0.79  7.14+0.29 6.67+0.65  7.01
75% 8.10°+0.59  8.05%+0.71  7.52*+0.44  7.10°+0.68 6.62'+0.58  7.48
Mean 7.17 7.11 6.63 6.82 6.42 6.83
LSD(0.05) 0.84 108 1.06 0.63 1.4

CV (%) 5.83 7.58 8.02 4.6 10.95

0% Cinnamon  4.86°+0.46  5.46°+0.45  5.82°+0.17  4.95°+0.59 6.48+0.50  5.51
25% 5.73"+£028  6.27"+0.17 6.56™+0.48  5.96*+0.07 6.67'+0.68  6.24
50% 6.69"£0.23  6.52™+£0.45 6.37°+0.67 6.50*+0.11 5.98+0.60  6.41
75% 774075 6.93+0.71  6.95+0.35  6.76*+0.62 5.86'+0.75  6.85
Mean 6.25 6.3 6.43 6.05 6.25 6.26
LSD(0.05) 1.06 108 104 0.9 1.28

CV (%) 8.45 8.61 8.1 7.44 10.22

0% Nutmeg 6.40'+0.46  6.69'+0.99  5.99+0.87  5.33%+0.97 5774112 6.04
25% 5.99%+1.49  6.20°0.93  5.94+0.37  6.13'+0.65 6.32°+0.88  6.12
50% 6.15+1.18  5.88+0.97  5.93%+0.65  5.44%+1.07 5.91°+0.82  5.86
75% 522+0.83  5.96'+0.67  5.60+0.49  5.38%+0.93 6.03'+0.36  5.64
Mean 5.94 6.18 5.87 5.57 6.01 5.91
LSD(0.05) 1.24 0.81 1.32 1.08 1.19

CV (%) 10.42 6.57 11.23 9.68 9.99 B
0% Rosemary  6.02°+0.77  5.76*0.66  6.02°t1.13  5.71+1.65 6.34"£120 5.97
25% 6.28+0.31  6.15+0.96  6.14+0.48  6.13%+0.98 6.76'0.42  6.29
50% 6.28a+0.31  5.86'+0.75  5.51%1.07  5.18%+0.96 5.70+0.77  5.69
75% 6.12°+0.30  6.13%t0.38  5.48+0.41  5.18a£0.96 520048 5.7
Mean 6.1 5.98 5.79 5.62 5.61 5.91
LSD(0.05) L1 0.67 132 L15 1.07

CV (%) 9.02 5.61 11.42 Lo7 8.86

0% Teamasala  6.20°+0.61  5.69°+0.55  6.38°+0.37  6.04°+0.67  7.35%+0.32  6.33
25% 6.64'+0.75  6.76'+0.61  5.85°+0.77  6.34*+0.37 6.44°£027  6.41
50% 6.44°£0.54 646031 572023 5.32°+0.25 6.37°£0.41  6.06
75% 627%1.10  6.69°+0.73  5.06"+0.75  5.16"+0.45 5.61°£0.70  5.76
Mean 6.39 6.4 5.75 5.72 6.44 6.14
LSD(0.05) 1.46 0.89 L09 0.91 0.91

CV (%) 11.45 6.96 9.46 7.92 7.11

Values are Means £+ SD of 30 replicates. Means in the same column with the same letter(s) are not significantly
diffrent (P>0.05).
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Table 2(b). Sensory evaluation of black tea (TRFK 6/8) with Cinnamon, nutmeg and ginger spices at less than 25%

Spice (W/w)

Concentration  Spice Taste Smell Texture Acceptability  Colour Mean
0% Cinnamon 5.07°£0.28  4.23'+0.75  5.77°+0.25  5.03°+0.49 5.18+0.94  5.06
5% 6.55°40.40  6.28"+1.60 7.18+0.65  7.10°1.49 6.30"+0.93  6.68
10% 6.73°+0.88  5.60+1.43  7.08'+0.88  7.17°+0.76 7.13+0.34  6.74
15% 6.33°£0.58  5.12"+0.77 6.97'£0.45  5.82"+0.35 6.15"+0.63  6.08
25% 6.90°+0.66  6.75°t1.39  6.27°+0.48  6.80°+0.58 6.33""+1.38  6.61
Mean 6.32 5.6 6.65 6.38 6.22 6.23
LSD(0.05) 1.08 2.27 1.08 0.91 116

CV (%) 9.09 21.56 8.65 7.57 9.99

0% Lemon grass ~ 6.13+1.01  5.82°t1.01  5.95+0.59  6.18+1.29  6.24"+0.81 6.06
5% 5.69°£1.00  6.34°£0.56  6.73t1.10  6.46"+0.93  6.54°t0.64  6.35
10% 6.47°£0.50  6.01°t0.81  6.310.27  6.74°0.66 6.01"+0.51  6.31
15% 6.5100.65  6.24°+0.97  6.08+0.56  5.63"+0.58  5.79%+0.56 6.05
25% 5.59°£0.90  5.91¢1.78  5.47°+0.91  5.07°+0.68 5.55¢0.57 552
Mean 6.08 6.06 6.11 6.02 6.03 6.06
LSD(0.05) 0.75 1.31 1.31 1.48 0.4

CV (%) 6.53 11.49 11.4 13.04 3.55

0% Ginger 5.36"£0.34  4.44"+0.96  4.71+0.96  4.55'+0.39 5.60"+0.85  4.93
5% 7.05°t1.19  6.44°t1.90  6.44°£1.50  6.24°t1.17 6.64°1.43  6.56
10% 6.56"+£0.51 5.67"+0.34 6.09't1.47  5.58"+0.15  6.51"+0.72 6.08
15% 7.20°£1.06  6.17"+0.95 5.91"+1.54  6.22'+0.84 7.42°£0.37  6.58
25% 6.98+0.60  6.42°£0.73  6.27°+0.46  6.44°£0.96 6.78+0.39  6.58
Mean 6.63 5.83 5.88 5.81 6.59 6.15
LSD(0.05) 1.28 1.85 1.36 1.42 0.99

CV (%) 10.24 16.87 12.28 12.97 8

Means in the same row with the same letter(s) are not significantly (P>0.05) different.

The initial sensory trials were based on high quantities of spices to tea ratio ranging from 25% to 75% spice as
shown in Table 2 (a). The overall mean liking was shown to be at spice to tea ratio of 25% spice for four types of
spices; ginger spiced tea at 6.67, nutmeg 6.12, rosemary 6.29 and tea masala 6.41. 66% of panelists had overall
liking at 25% spice to tea ratio. After establishing consumer acceptable spice to tea ratio of 25% spice, further
sensory evaluation was done with low level spice to tea ratio of 0%, 5%, 10%, 15% and 25% spice as shown in
Table 2 (b), using three of the spices ginger, lemon grass and cinnamon. Results show that generally there was no
significant difference in spice to tea ratio of 5%, 10% and 15% for all the attributes. With an overall liking of 6
(like slightly) on a hedonic scale.
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2.1 Costing

Table 3(a). Prices of Spices, black tea and Spiced tea

Product Quantity(g) Cost of product (Kshs)  Unit Cost (Ksh/g)
Black Tea 200 165.00 0.82
Black Tea 200 180.00 0.90
Black Tea 200 200.00 1.00
Cinnamon Spice 100 77.00 0.77
Cinnamon Spice 100 79.00 0.79
Cinnamon Spice 50 37.00 0.74
Ginger Spice 100 85.00 0.85
Ginger Spice 100 82.00 0.82
Ginger Spice 100 84.00 0.84
Ginger (black) tea 200 220.00 1.10
Ginger (black) tea 200 225.00 1.13
Ginger (black) tea 200 230.00 1.15
Masala (black) tea 50 115.00 2.30
Masala (black) tea 50 125.00 2.50
Masala (black) tea 50 130.00 2.60
Lemon grass spice 100 82.00 0.82
Lemon grass spice 100 85.00 0.85
Lemon grass spice 100 86.00 0.86

Unit Cost was calculated by dividing the product cost and quantity. Cost of commodities are in Kenya Shillings
(Ksh) and that of quantity in grams (g) prices are according to commonly available products in the year 2013.

Values of unit cost of Table 3(a) were used to generate the cost of different tea spice percentages in Table 3(b)
which depicts possible costs of the cinnamon tea product at different percentage mixes.

Table 3(b). Summary of the price of black tea at different Cinnamon Spice ratios

Spice Tea  Spiceunit (lg) Teaunit(lg) Spice Cost/pdt Tea Cost/pdt Product Cost
0 100 0.77*+0.03 0.91%£0.02 0.00+0.00 91.91°+2.00  91.00%+2.00
5 95 0.77+0.03 0.91°+0.02 3.85°+0.13 86.45°+1.90  90.30°+1.83
10 90 0.77°+0.03 0.91°+0.02 7.70°+0.25 81.90°+1.80  89.60°+1.66
15 85  0.77'+0.03 0.91%£0.02 11.55°+0.38 77.35%1.70  88.90"+1.51
25 75 0.77°+0.03 0.91°+0.02 19.25°+0.63 68.25¢1.50  87.50°+1.23
100 0 0.77°+0.03 0.91°+0.02 77.00°+2.52 0.00+0.00 77.00°+2.52
Mean 0.77 0.56 19.81 41.53 61.34
LSD(0.05) <0.01 <0.01 1.71 1.36 2.75

CV (%) <0.01 <0.01 4.74 1.80 2.46

Means in the same column with the same letter(s) are not significantly (P<0.05) different. Pdt=1 unit of product
comprising of spice and tea mixed at a specified ratio

109



www.ccsenet.org/jfr Journal of Food Research Vol. 4, No. 6; 2015

Table 3(b) shows that there is a significant (P<0.05) decrease in the cost of production with an increase in the
quantity of spice added. But the quantity of the spice added is dependent on the consumer preference threshold
value of the spices as perceived by the consumers. Sensory evaluation data and economic analysis of the spice
and tea mixes have to be used in the development of spiced tea mixes which are consumer acceptable and
producer profitable.

4. Conclusion and Recommendations

The results reported in this article have shown that preference for black tea is enhanced by blending tea with
spices, although some spices are required in higher amounts than others for optimum flavoring of the spice-tea
blends. The antioxidant activity of spiced tea products was down regulated by spices but preference was
enhanced. Antioxidant activity of pure spices was 46.99, 55.70, 69.23, 89.47 and 89.89 for nutmeg, tea masala,
ginger, rosemary and cinnamon respectively. Antioxidant activity has been shown to correlate with total
polyphenols content in tea. these polyphenols are increasingly being gaining popularity as having potential
health benefits (Pandey & Rizvi).

Spice concentration had a great impact on the panelist rating as shown by the three best rated spices. At high
concentration of 25%w/w, lemongrass spiced tea had the highest overall mean liking followed by ginger spiced
tea and cinnamon spiced tea , while at low concentration cinnamon spiced tea had the highest overall liking
followed by ginger spiced tea and lemongrass spiced tea respectively. Overall sensory rating of spiced tea varied
among spiced tea, nutmeg spiced tea had the lowest mean liking (5.9), while lemon grass spiced tea was rated
highest (6.83).

Tea blending at 1:4 ratio of spice to tea is highly recommended, since the production cost is low and it can meet
consumer demand (acceptability). Blending of tea with spices should be carefully done for individual spices,
since some spices may be required at lower concentrations while others at a higher concentration. High
antioxidant spices may also cause potential health problems as demonstrated by Skulas-Ray et al. (2011).

Pricing of the spiced tea blends differed with the type of tea and amount of added spice. From the three best
rated spices, cinnamon spiced tea was the least expensive followed by ginger spiced tea and lemon grass spiced
tea. Therefore, this study recommends the best spice as cinnamon since it exhibited high antioxidant activity and
the highest overall mean liking. Least amounts of this spice were also used to achieve desired taste, smell,
texture, acceptability, and color. Nutmeg spice was rated poorly and to get a similar effect as cinnamon, large
amounts of the spice were required which further down regulated the antioxidant activity of tea significantly and
increased cost of production. This study leaves a lot of room for research on preference studies between spiced
tea and other beverages.
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