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ABSTRACT 
 

Due to its functional advantages in addition to its flavor, tea's product diversification has grown in 
popularity and customer acceptability. In this study, different green tea blends with different 
amounts of cinnamon, lemon, and ginger (0–30%) were developed. The tea blends' compositional 
analysis, antioxidant, microbiological, and sensory profiles were assessed.  The tea with cinnamon 
mix had a catechin mean value of 9.7%; the tea with ginger blend had a catechin mean value of 
7.4%; and the tea with lemon blend had a catechin mean value of 8.0%.  For lemon/tea at 15% and 
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98.9g AAE/100g for cinnamon/tea at 20%, the best DPPH values were attained. For ginger/tea, 
cinnamon/tea, the total polyphenol value peaked at 19.02 g GAE/100g (20%), 18.62 g GAE/100g 
(20%), and 18.37 g GAE/100g (15%), respectively. According to microbiological analysis, no 
microbial growth was found in any of the tests run. The cup quality results showed that the panelists 
generally approved of the lemon/tea, which had a mean of 7.3 at a 15% inclusion level.  
 

 
Keywords: Spices; green tea; antioxidant; epigallocatechin; crude fibre; Camellia sinensis; vegetative 

material; anticarcinogenic properties. 
 

1. INTRODUCTION 
 
Due to its therapeutic, refreshing, and somewhat 
stimulating properties, tea (Camellia sinensis L.) 
continues to be one of the most extensively 
consumed non-alcoholic beverages, being drank 
by almost two thirds of the world's population. 
Based on the various processing techniques 
utilized, there are four basic varieties of produced 
tea used for tea infusions. These include white, 
oolong, green, and black or red. Tea lovers all 
throughout the world continue to rank green tea 
as one of their top beverage choices. This is 
brought on by the associated health advantages 
that result from it.  The leaves used to make it 
were pan-fired and contained a lot of EGCG. The 
main catechins found in green tea, such as (-)- 
epicatechin (EC), (-)- epigallocatechin (EGC), (-)- 
epicatechin 3-gallate (ECG), (-)- epigallocatechin 
3-gallate (EGCG), and (-)- gallate (GCG), are 
indicated as major components of biologically 
active substances [1,2]. The most prevalent 
polyphenol in green tea, EGCG accounts for up 
to 10% of its dry weight and contains 60–70% of 
all the catechins and is thought to be responsible 
for many of green tea's health-promoting 
properties [3]. When compared to black tea or 
oolong tea, green tea, which has a mild flavor, 
has a considerable amount of catechins. 
  
According to Chung et al [4] (2003), drinking tea 
lowers blood cholesterol, prevents the oxidation 
of low density lipoprotein, and lowers the risk of 
cancer and cardiovascular disease. The most 
biologically active class of tea constituents, 
polyphenols, have been shown to exhibit anti-
oxidant, anti-mutagenic, and anticarcinogenic 
properties [5,6,7,8]. Fluoride, caffeine, and 
important minerals are among the additional 
chemicals in tea that are good for human health 
[9]. Other beverages are currently showing 
competitive interest in the global tea market, and 
the number of consumers with various 
requirements is growing. As a result, there is a 
need for product diversification, which has 
already begun in many places [10,11,12,13]. 
Value addition is predicted to boost production 

and usage of the tea crop. Value addition is still a 
solution to address these issues. Herath and De 
Silva [14] assert that product differentiation 
techniques like spicing can help add value to tea. 
One strategy for brand development and product 
distinction is to spice tea. Spices are primarily 
used to spice food, but they also have certain 
therapeutic benefits. A spice is a dried seed, fruit, 
root, bark, or vegetative material that is added to 
food in small amounts to add flavor, color, or as a 
preservative that fights off hazardous 
microorganisms or inhibits their growth. 
Cinnamon, cardamom, ginger, and cloves are a 
few varieties of locally available spices that are 
said to have significant bioactive components. 
The combination of tea with spices is anticipated 
to result in enhanced tea that not only has 
improved flavor or scent from a sensory 
perspective but also has more functional value 
for the body or health. According to reports, 
adding spices to tea may enhance its potential 
health advantages [15]. Therefore, adding these 
spices to tea can both benefit the general 
public's health and be utilized medicinally. Due to 
the presence of active ingredients, cinnamon has 
special health benefits. Tea made with 
cardamom lowers flatulence, soothes the 
stomach, and treats indigestion. According to a 
report by Chandini and Ravikumar, [16], drinking 
a cup of cardamom tea can benefit women who 
experience mood fluctuations during their period. 
Ginger provides a stimulating and energizing 
effect. Ginger tea stimulates and calms the 
digestive tract at the same time. Due to its anti-
inflammatory qualities, ginger tea has proven to 
be beneficial for persons with arthritis. It is 
beneficial to combat the flu and the common cold 
[17]. One method of increasing the crop's value 
and resulting in financial rewards is to spice the 
tea. Naturally, green tea taste is bitter, hence 
might not appeal to many; however, spicing can 
help resolve this challenge. The combination of 
tea and spices is therefore expected to produce 
enriched tea that is not only being more 
acceptable from a sensory point of view due to 
flavor or aroma improvement but also offers 
more functional value for the body. This paper 
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therefore reports the compositional analysis, 
antioxidant profile and the cup quality of spiced 
green tea. 
 

2. MATERIALS AND METHODS 
 
Green tea processing: A bud and two leaves 
were obtained from the plant Camellia sinensis. 
The leaves were subjected to withering after 
which it was pan-fired and then rolled. The rolled 
tea leaves were then dried in an oven. Spices 
used for this work was obtained from the open 
market. The processed tea leaves were 
pulverized and blending was carried out. 
 
Preparation of spice green tea: Three different 
types of spices (ginger, cinnamon and lemon) 
were blended with green tea and green tea 
without spice served as control sample for this 
study. Blending was done on a weight to weight 
ratio (w/w) of spice to processed tea in the ratio 
0, 5, 10, 15, 20, 30 % (w/w) and coded as GCA, 
GCB, GCC, GCD, GCE, GCF; GGA, GGB, GGC, 
GGD, GGE, GGF and GLA, GLB, GLC, GLD, 
GLE, GLF for cinnamon, ginger and lemon 
respectively. 
 
Moisture content: Tea moisture was measured 
using a vacuum oven and the international 
standard method (ISO 1573, 1981). 
 
Water extract: Tea solution (50 ml) was placed 
in a weighed evaporation dish and was then 
evaporated to dryness over a water bath. The 
residue (tea extract) in the dish was fully dried in 
a vacuum oven at 75 0C with a negative pressure 
of 65 kPa for 4 h until the weight of the dish with 
extract was constant.  
 

 Water extract (%) = (D1-D2) x V0 x 100/V1/W        
(Eq 1) 

 
Where D1 is the weight of dry tea extract with the 
dish; D0 is the weight of the dish; V0 is the total 
volume of the tea solution (250 ml); V1 is the 
volume used for the measurement (50 ml); W is 
the dry weight of the tea sample. 
 
Crude fibre: The crude fibre content was 
determined by the general method [18] (ISO 
15598, 1999) with modification. Briefly, 0.5g 
sample of tea was boiled in 0.255 M sulfuric acid 
solution for 30 min, then the insoluble residue 
was filtered and washed. The obtained 
substance was subsequently boiled in 0.313 M 
sodium hydroxide solution, filtered and washed. 
A sample thus prepared was dried for 2 h in the 

oven at 130 ± 2 C. Finally, mass loss was 
determined after ashing at 350 ± 25 oC. The 
content of crude fibre in the tea sample was 
calculated in mass percent relative to the content 
of dry mass in the product.  
 
Mineral analysis: Minerals in tea samples such 
as calcium, magnesium, sodium, potassium and 
manganese were determined using AOAC 
methods of Analysis. 
 

2.1 Determination of Antioxidant Activity 
 
2.1.1 Free radical scavenging activity (DPPH) 
 
The technique is based on the reduction of an 
alcoholic DPPH solution in the presence of an 
antioxidant that donates hydrogen as a result of 
the reaction's production of the non-radical form 
of DPPH-H. The 1,1-diphenyl-2-picrylhydrazyl 
(DPPH) technique was used to assess the free 
radical scavenging activity [19,20]. Varied test 
tubes were filled with green tea at varied 
concentrations (100, 200, and 300 ppm). 
Methanol was added to bring the volume to 1 ml. 
These test tubes received four ml of a 0.1 mM 
methanol solution of DPPH, which was then 
forcefully shaken. The tubes were then kept at 
room temperature for 20 minutes while being 
kept in the dark. As stated above, a control 
sample was made without extract, and methanol 
was used to adjust for baseline. A UV-visible 
spectrophotometer (GBC Cintra 10, Australia) 
was used to assess changes in the materials' 
absorbance at 517 nm. The results were 
averaged after each analysis was performed in 
triplicate. For each concentration, the percent 
drop in absorbance was noted, and the observed 
percent decrease in absorbance was used to 
compute the percent quenching of DPPH. 
Radical scavenging activity was expressed as 
the inhibition percentage and was calculated 
using the formula below: 
 

Antiradical activity (%) = (Control 
Absorbance – Sample Absorbance) x 
100/Control Absorbance                       (Eq 2) 

 
2.1.2 FRAP assay 
 
Following the Benzie and Strain method, 3 mL of 
the FRAP (Ferric reducing antioxidant power) 
reagent (10:1:1 of 300 mM pH 3.6 sodium 
acetate buffer, 10 mM 2, 4, 6-tripyridyls-triazine 
solution, and 20 mM FeCl3.6H2O solution) was 
added to 10 mL of the filtrate mixture and mixed 
before being incubated at 37°C for 30 min. The 
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mixture's absorbance was measured at a 
wavelength of maximum 593 nm, and the FRAP 
value was given as mM FeSO4/100g sample. 
 

2.1.3 Total polyphenols 
 

The Folin-Ciocalteu technique [21] was used to 
determine the total polyphenol content of the 
samples. After being dissolved in 10 ml of water 
with 10 mg of tea sample, the mixture was 
centrifuged. Folin-Ciocalteau reagent (0.5 mL), 
1.5 mL of saturated Na2CO3 solution, and 0.5 
mL of the resultant solution were combined. This 
was diluted to a volume of 10 ml with distilled 
water and incubated for two hours at 27 oC. With 
the aid of a UV-visible spectrophotometer (GBC 
Cintra 10, Australia), the optical density was 
determined at 765 nm. The results were 
expressed as a percentage of Gallic acid 
equivalents. The total phenol content was 
determined by comparing with the calibration 
curve created from the analysis of Gallic acid 
solution. 
 

2.1.4 Microbiological analyses 
 

The samples of tea were examined 
microbiologically. In order to do this, 10g of each 
sample were dissolved in 100ml of sterile distilled 
water in three different flasks, 1ml of each 
sample was placed in 9ml of sterile distilled water 
in a test tube, and 9ml of each sample was 
serially diluted in 9ml of sterile distilled water in 
various test tubes [22] (Meynell and Meynell, 
1970). Pour plate technique was used to 
inoculate Yeast Extract Agar (YEA) and PDA 
medium in duplicate with one milliliter (1ml) of 
each appropriate dilution. Both media included 
Streptomycin antibiotics at a concentration of 
40.0 g/ml. Nystatin and Macconkey agar are 
each present in a separate Nutrient Agar media. 
The petri dishes were inverted and incubated at 
the proper temperatures after solidification, and 
afterwards growth was checked. 
 

2.1.5 Cup quality evaluation of tea samples 
 

To establish preference ratings of tea for flavor, 
taste, color, and overall acceptability, cup quality 
or sensory evaluation of tea samples was carried 
out. 250ml of freshly boiled water was used to 
infuse 5g of tea samples, and the resulting 
beverage was then tasted to determine the 
quality. Six professional judges were used to 
assess the sensory quality of tea samples. A 15-
minute training session with the panelists was 
held prior to the evaluation's start. After that, 
each member was given a sample one at a time. 
The panel room's controlled temperature and 

relative humidity were used for the sensory 
testing. Unnecessary noise and smells of 
chemicals or food were absent from the panel 
room. A prescribed questionnaire was made 
available to judges so they may record their 
sensory observation. According on the sensory 
performance data, the following ratings were 
given: 9 = Extremely like, 8 = Very much like, 7 = 
Like, 6 = Slightly like, 5 = Neither like nor dislike, 
4 = Slightly dislike, 3 = Moderately dislike, 2 = 
Dislike, and 1 = Extremely dislike [23]. 
 

Statistical analysis: Results generated from the 
study were expressed as mean ± standard 
deviation of three replicate determinations. 
Statistical analysis was performed on the data 
using one-way analysis of variance (ANOVA) 
using statistical package for social sciences 
(SPSS) software version 18.0 and differences in 
means were compared by the Duncan’s multiple 
range test. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Proximate Characteristics of Spiced 
Green Tea  

 

Figs. 1a, 1b, and 1c, respectively, show the 
outcomes of the proximate analyses of the Green 
Tea/Cinnamon, Tea/Ginger, and Tea/Lemon 
blends. The three main components of crude 
fiber are cellulose, hemicellulose, and lignin, 
which are present in plant cell walls. The amount 
of crude fiber is one of the main factors used to 
describe tea quality. According to the 
specifications for green tea, the crude fiber 
concentration cannot exceed 16.5%. The crude 
fiber content of the tea/cinnamon blend in the 
current study ranged from 13.6% to 14.9%. The 
addition of more cinnamon to the green tea did 
not cause a discernible difference in the crude 
fiber content. The crude fiber was highest at 
GCE (20% spice incorporation. With increasing 
spice integration in the Tea/Ginger blend, crude 
fiber value likewise adopted a declining trend. 
For the Tea/Lemon blend, the crude fiber for 
virgin tea was 13.2%, while the highest figure for 
GLE (20% w/w tea/spice) was 14.52%. The 
result thus demonstrates that adding spice to 
green tea has no adverse effects on the 
product's quality. The lowest and greatest 
moisture concentrations were found in GCF 
(30% spice) and GCA (0% spice), respectively, 
with mean moisture values of 5.6% and 5.1-
6.2%. The Tea/Ginger blend had a mean 
moisture content of 7.5%, with 8.1% for 20 and 
30% w/w spice incorporation. Increased 
microbial activity, oxidation/reduction reactions, 
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and fungi development are all made easier by 
high moisture content. The relevance of this 
study's findings suggests that, with proper 
storage, spiced tea can have a longer shelf life. 
Due to its polyphenol content, tea has 
antibacterial effects [24]. 
 

Catechins are mostly unaltered during the 
production of green tea. This is due to the 
deactivation of polyphenol oxidase that is 
accomplished by steaming or pan-firing freshly 
picked tea leaves. Green tea mostly contains the 
catechins ()-epigallocatechin-3-gallate (EGCG), 
()-epigallocatechin (EGC), ()-epigallocatechin-3-
gallate (ECG), and (EC). The former makes up 
10% of the dry weight and 59% of the catechins 
overall. However, of the total catechins, the three 
latter catechins account for roughly 19%, 13.6%, 
and 6.4%, respectively. They are in charge of the 
biological effects of green tea since they have 
demonstrated promise in treating a number of 
illnesses, such as cancer, cardiovascular 
diseases, and metabolic problems. According to 
the study's findings, tea's catechin content drops 
as the spice ratio rises. The average figure was 
9.7%. or the tea/cinnamon mix, a mean value of 
9.7% was achieved, with variations between 6.8 
and 11.2%; for the tea/ginger blend, a mean 
value of 7.4%; and for the tea/lemon blend, a 
mean value of 8.0%; variations between 6.31 

and 11.2%. Tea/Lemon, Tea/Ginger, and 
Tea/Cinnamon blends all have ether extracts that 
fall between 35.6 and 39.9%, 35.6-44.1%, and 
23.2-35.6%, respectively. The Tea/spices blend's 
inclusion has not changed significantly. Except 
when there is a favorable balance of the 
important minerals, a sample's ash content, 
which shows the amount of its mineral content, 
does not necessarily suggest excellent quality. 

 

3.2 Mineral Analysis of Spiced Tea 

 

In ginger/tea combinations, the results for 
mineral contents showed 1.9-2.63 for Na, 3.44-
3.78 for Ca, 2.31- 3.14 for Mn, 5.49-5.98 for Zn, 
and 4.94-5.37 mg/100g for K. In comparison to 
lemon/tea combination, Na was between 1.94 
and 3.33, Ca was between 3.55 and 3.69, Mn 
was between 2.31-3.14, Zn was between 5.49 
and 5.98, and K was between 4.94-5.37 mg/100g 
for cinnamon/tea combination. It is clear that the 
levels of Mn in lemon and tea were higher than 
those in cinnamon and ginger and tea. 
Additionally, compared to the other two pairings, 
the level of Zn in the lemon/tea combination was 
greater. When an enzyme is active, zinc 
performs both structural and catalytic roles. It is 
an antioxidant that can shield cells from the 
harmful effects of released oxygen radicals. 

 

 
 

Fig. 1a. Proximate characteristics of green tea/cinnamon blend 
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Fig. 1b.  Proximate characteristics of green tea/ginger blend 
 

Table 1. Mineral content of green tea blends 
 

Sample Element   Percentage Inclusion   

 (mg/100g) GGA GGB GGC GGD GGE GGF 

 Na 1.94 1.99 2.06 2.18 2.46 2.63 
Ginger/Tea Ca 3.67 3.71 3.74 3.62 3.78 3.44 
 Mn 2.31 2.96 2.49 2.98 2.79 3.14 
 Zn 5.49 5.92 5.98 5.75 5.63 5.60 
 K 4.94 4.97 5.21 5.03 5.37 5.30 
  GCA GCB GCC GCD GCE GCF 
 Na 1.94 1.99 2.06 2.18 2.46 2.63 
Cinammon/ Ca 3.67 3.71 3.74 3.62 3.78 3.44 
Tea Mn 2.31 2.96 2.49 2.98 2.79 3.14 
 Zn 5.49 5.92 5.98 5.75 5.63 5.60 
 K 4.94 4.97 5.21 5.03 5.37 5.30 
  GLA GLB GLC GLD GLE GLF 
 Na 1.94 1.97 2.05 2.68 2.74 3.33 
Lemon/Tea Ca 3.67 3.55 3.59 3.64 3.69 3.69 
 Mn 2.31 2.09 2.14 2.39 2.53 2.89 
 Zn 5.49 5.67 5.74 5.91 6.32 6.37 
 K 4.94 3.88 3.72 3.54 3.77 3.93 
GGA, GCA, GLA = 0 %; GGB, GCB, GLB = 5%; GGC, GCC, GLC = 10%; GGD, GCD, GLD =15%; GGE, GCE, GLE = 20%, GGF, GCF, GLF 

=30% 

 

Table 2.  Antioxidant profile of green tea blends 
 

Sample Antioxidant Profile  Percentage Inclusion    

  GGA GGB GGC GGD GGE GGF 

Ginger/Tea DPPH(gAAE/100g) 88.9 91.6 96.2 98.7 92.4 92.6 
 FRAP (Mm FeSO4/100g) 0.34 0.39 0.43 0.49 0.49 0.37 
 T.Polyphenols (g GAE/100g 17.19 17.31 18.53 18.71 19.02 18.24 
  GCA GCB GCC GCD GCE GCF 
Cinnamon/ DPPH(gAAE/100g) 88.9 88.4 94.8 97.2 98.9 97.1 
Tea FRAP (Mm FeSO4/100g) 0.34 0.38 0.40 0.45 0.49 0.48 
 T.Polyphenols (g GAE/100g 17.19 17.90 17.95 18.23 18.62 17.84 
  GLA GLB GLC GLD GLE GLF 
Lemon/Tea DPPH(gAAE/100g) 88.9 90.22 94.22 95.56 91.09 87.46 
 FRAP (Mm FeSO4/100g) 0.34 0.37 0.39 0.43 0.49 0.46 
 T.Polyphenols (g GAE/100g 17.19 17.66 18.14 18.37 18.30 17.91 
GGA, GCA, GLA = 0%; GGB, GCB, GLB = 5%; GGC, GCC, GLC = 10%; GGD, GCD, GLD =15%; GGE, GCE, GLE = 20%, GGF, GCF, GLF 

=30% 
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Fig. 1c. Proximate characteristics of green tea/lemon blend 
 

3.3 Antioxidant Profile of Spiced Tea 
 

An antioxidant is a chemical that prevents the 
generation of free radicals or increases the 
number of them so they can spread the oxidation 
reaction [25]. The combination of aromatic rings 
and hydroxyl groups, which creates their 
chemical structure and subsequently causes 
these hydroxyl groups to bind and destroy lipid 
free radicals, is primarily responsible for the 
antioxidant action of green tea polyphenols. In 
the current study, the DPPH of ginger/tea rises 
with ginger addition, reaching a maximum (98.7g 
AAE/100g) at 15%. It was ideal for lemon/tea at 
15% (95.6g AAE/100g) and cinnamon/tea at 20% 
(98.9g AAE/100g). This implies that adding more 
spice than 20% will cause the DPPH of the tea 
combinations to decrease. A similar pattern was 
seen for ferric reducing antioxidant power 
(FRAP), where the three tea blends' best results 
at 20% inclusion were 0.49 Mm FeSO4/100g. 
For ginger and tea, cinnamon and tea, and 
lemon and tea, respectively, the total polyphenol 
value peaked at 19.02 g GAE/100g (20%), 18.62 
g GAE/100g (20%), and 18.37 g GAE/100g 
(15%). 
 

3.4 Microbiological Examination of 
Spiced Tea 

 

Table 3 presents the microbiological assay of 
green tea blends.  Result indicated that were no 

traces of E. coli and Salmonella in the samples. 
Yeast and mould and total viable counts were in 
the range of 103 to 104 Cfu/g. There is evidence 
of increased antimicrobial activity associated with 
high spice concentrations [26]. In the microbial 
assessment of the spiced tea formulation, it was 
discovered that no microbial growth was 
recorded in all the tests carried out; These 
results are consistent with findings in literature 
that the antimicrobial activities of extracts from 
several plants such as oregano, cumin, 
cinnamon, sage, and other spices possessed 
significant (P < 0.05) antibacterial and antifungal 
activities against wide range of food spoilage 
bacteria (Gram-positive and Gram-negative), as 
well as yeast and mold [27,28]. A decrease in 
cytoplasmic pH (pHint) and cell wall disruption 
was observed in cells treated with spices and 
plant extracts, suggesting a possible mechanism 
of antibacterial action. 
 
Food spoilage is often caused by the growth of 
many pathogenic organisms. Prevention of food 
spoilage in food industry is mainly based on the 
application of chemical preservatives. The 
adverse effect of these chemical preservatives 
on human health increases great concern; spices 
are examples of natural chemicals that are 
employed as food preservatives because they 
contain components with strong antioxidant and 
antibacterial capabilities [29]. Therefore, the 
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tested spices (cinnamon, ginger and lemon) in 
this work which proved to be potentially effective 
can be used as natural alternative preservatives 
to control food spoilage organisms and preserve 
food stuff, thereby avoiding health hazards of 
chemically antimicrobial agent applications. 
Natural preservatives like spices have also been 
reported boost human health by protecting 
against diseases and can be with no restrictions 
on product dose [30]. Due to their widespread 
public acceptance, these products stand to 
replace synthetic preservatives in future. 
 

3.5 Sensory Evaluation of Spiced Tea  
 
In the range of 0 – 30%, Table 4 displays the 
sensory characteristics of adding spices to green 

or cup quality tea. For blending at 0%, 5%, 10%, 
15%, 20%, and 30%, respectively, ginger had 
mean values of 5, 7, 6, 4, 6, and 5, respectively. 
This shows that a rise becomes unacceptable at 
10%, where acceptance previously more 
advantageous. Cinnamon's mean value for 
blending at 0%, 5%, 10%, 15%, 20%, and 30%, 
respectively, was 5.5, 5.9, 6.6, 6.5, 6.2, 5.8, 
indicating that this combination was most 
agreeable at 10% inclusion. The lemon/tea blend 
was deemed to be most agreeable at 15%, with 
mean values of 5.5, 6.1,6.4,7.3,6.4, and 5.9 for 
blending at 0%, 5%, 10%, 15%, 20%, and 30%, 
respectively. In comparison to the other two, 
lemon/tea with a mean of 7.3 at 15% 
concentration was mostly preferred by the 
panelist. 

 
Table 3. Microbiological assay of green tea blend 

 
  Microbiological Profile (Cfu/g)   

Spice Concentration Yeast/Mould E.coli Salmonella sp. TVC 

Ginger GGA (0%) 104 Absent Absent 103 
 GGB (5%) 104 Absent Absent 103 
 GGC (10%) 103 Absent Absent 103 
 GGD (15%) 103 Absent Absent 104 
 GGE (20%) 103 Absent Absent 104 
 GGF (30%) 103 Absent Absent 104 
Cinnamon GCA (0%) 104   Absent Absent 103   
 GCB (5%) 104   Absent Absent 103   
 GCC (10%) 103 Absent Absent 104 
 GCD (15%) 103 Absent Absent 104 
 GCE (20%) 103 Absent Absent 104 
 GCF (30%) 103 Absent Absent 104 
Lemon GLA (0%) 104 Absent Absent 103 
 GLB (5%) 104 Absent Absent 103 
 GLC (10%) 103 Absent Absent 104 
 GLD (15%) 103 Absent Absent 104 
 GLE (20%) 103 Absent Absent 104 
 GLF (30%) 103 Absent Absent 104 

 
Table 4. Sensory characteristics of green tea blend 

 
   Sensory Attributes    

Spice Concentration Flavor Taste Color  Texture Acceptability Mean 

Ginger GGA 5.0 4.8 7.2 4.6 5.9 5.5 
 GGB 5.5 5.1 6.9 4.9 6.1 5.7 
 GGC 7.1 6.0 6.9 5.2 7.3 6.5 
 GGD 6.8 6.5 6.4 5.7 6.8 6.4 
 GGE 6.5 6.3 6.0 5.9 6.4 6.2 
 GGF 6.0 5.8 5.9 6.3 5.5 5.9 
Cinnamon GCA 5.0 4.8 7.2 4.6 5.9 5.5 
 GCB 5.4 6.3 6.5 5.8 5.5 5.9 
 GCC 6.7 6.8 6.2 6.2 7.1 6.6 
 GCD 5.8 5.5 7.4 5.9 7.8 6.5 
 GCE 6.5 5.3 6.7 6.3 6.4 6.2 
 GCF 6.3 5.8 5.6 5.8 5.3 5.8 
Lemon GLA 5.0 4.8 7.2 4.6 5.9 5.5 
 GLB 6.2 5.9 7.5 5.4 5.5 6.1 
 GLC 5.7 6.3 6.8 5.9 7.1 6.4 
 GLD 7.8 7.5 7.8 5.6 7.8 7.3 
 GLE 6.5 5.8 6.9 6.3 6.4 6.4 
 GLF 6.6 5.3 6.4 5.8 5.3 5.9 
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4. CONCLUSION 
 

The results reported in this article have shown 
that it is possible to blend spices with tea. There 
was also no detrimental effect of using spice in 
combination with green tea, rather an enhanced 
antioxidant and cup quality was noticed. 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Ho CT, Ferraro T, Chen Q, Rosen RT, 
Huang MT. Phytochemicals in teas and 
rosemary and their cancer preventive 
properties; 1994. 

2. Sharma M, Nagori K, Soni S, Swarnakar 
H, Vaishnav S, Khan N. Phytochemical 
constituents and pharmacological profile of 
green tea: An overview. International 
Journal of Pharmaceutical and Chemical. 
2014;3:110-117. 

3. Patil MP, Patil KT, Ngabire D, Seo YB, Kim 
GD. Phytochemical, antioxidant and 
antibacterial activity of black tea            
(Camellia sinensis). International Journal 
of Pharmacognosy and Phytochemical 
Research. 2016;8(2):341-346.  

4. Chung FL, Schwartz J, Herzog CR, Yang 
YM. Tea and cancer prevention: Studies in 
animals and humans. The Journal of 
Nutrition. 2003;133:3268S−3274S. 

5. Katiyar SK, Mukhtar M. Tea in 
chemoprevention of cancer: Epidemiologic 
and experimental studies (review). Int. J. 
Oncol. 1996;8:221-238. 

6. Yao LH, Jiang Y M, Shi J, Tomás-
Barberán FA, Datta N, Singanusong R. 
Flavonoids in food and their health 
benefits. Plant Foods for Human Nutrition. 
2004;59(3):113−122. 

7. Dimitrios B. Sources of natural phenolic 
antioxidants. Trends Food Sci. Technol. 
2006;17(9):505-512. 

8. Reto M, Figueira ME, Filipe HM,            
Almeida CMM. Chemical composition of             
green tea (Camellia sinensis) infusions 
commercialized in Portugal. Plant Foods 
Hum. Nutr. 2007;62(4):139-144. 

9. Cabrera C, Gimenez R, Lopez MC. 
Determination of tea components with 
antioxidant activity. Journal of Agricultural 
and Food Chemistry. 2003;51(15): 4427− 
4435. 

10. Monks A. Market alternatives for japanese 
green tea: A report for the rural industries 

research and development corporation. 
RIRDC; 2000. 

11. Yilmaz Y. Novel uses of catechins in foods. 
Trends in Food Science Technology. 2006; 
17:64-71. 
Available:http://dx.doi.org/10.1016/j.tifs.200
5.10.005 

12. Kaison C. Current situation and mid-term 
outlook on tea. International Symposium 
on Innovation in Tea Science and 
Sustainable Development in Tea Industry. 
Hangzhau. 2005;37-44.  

13. Lelgo SK, Kamunya SM, Ochanda SO, 
Wanyoko JK. The effect of processing 
technique on biochemical composition of 
adapted kenyan and introduced japanese 
and chinese tea germplasm. Tea Journal. 
2011;32:22-23. 

14. Herath H, De Silva S. Strategies for 
competitive advantage in value added tea 
marketing. Tropical Agricultural Research. 
2011;22(3):251–262.  

15. Sunarharum WB, Dego YA, T H, 
Azzahramidha P, Adnel NS, Nadyah Eka 
Nurizza, Muhammad SF, Annisa AK. The 
potential of spiced tea for health. Advances 
in Food Science, Sustainable Agriculture 
and Agro industrial Engineering. 2022;5(2): 
193-200. 

16. Chandini, Ravikumar, Review on herbal 
teas, Journal of Pharmaceutical Sciences 
and Research. 2014;6:236-238.  

17. Hassan MK, Behrouz T, Beman-ali J, 
Azadeh N, Mohammad RM. The effect of 
ginger powder supplementation on insulin 
resistance and glycemic indices in patients 
with type 2 diabetes: A randomized, double 
– blind, placebo – controlled trial, 
Complementary Therapies in Medicine. 
2014;22:9-16. 

18. ISO 1573. Determination of loss in mass at 
103 C. Methods of test for tea. 
Switzerland: International Standard 
Organization; 1981. 

19. Oktay M, Culcin I, Kufrevioglu OI. 

Determination of In vitro antioxidant activity 

of fennel (Foeniculum vulgare) seed 

extracts. Lebensmittel-Wissenschaft and –

Technologie. 2003;36:263–271. 

20. Jayaprakasha GK, Singh RP, Sakariah KK. 
Antioxidant activity of grape seed (Vitis 
vinifera) extracts on peroxidation models in 
vitro. Food Chem. 2001;73:285–290. 

21. Singleton VL, Rossi JA. Colorimetry of total 
polyphenolic with phosphomolybdic—
phosphotungstic acid reagents. Am J Ecol 
Vitic. 1965;16:144–158. 



 
 
 
 

Yahaya et al.; Asian Food Sci. J., vol. 23, no. 3, pp. 28-37, 2024; Article no.AFSJ.114008 
 
 

 
37 

 

22. Meynell, Meynell. Theory and practice in 
experimental Bacteriology, 2nd Ed; 1970. 

23. Larmond E. Laboratory methods for 
sensory evaluation of food. Res Branch, 
Canada Deptt. of Agric. Canada; 1977. 

24. Dias TR, Tomás G, Teixeira NF, Alves 
MG, Oliveira PF, Silva BM. White Tea 
(Camellia Sinensis (L.)): Antioxidant 
properties and beneficial health effects. 
International Journal of Food Science, 
Nutrition and Dietetics. 2013;2(2):19-26 

25. Senanayake SN. Green tea extract: 
Chemistry, antioxidant properties and food 
applications–A review. Journal of 
Functional Foods. 2013;5(4):1529- 1541.  

26. Ekeke IC, Nkwocha AC, Kamen FL, 
Kamalu CIO, Uzondu FN. Studies on 
optimal conditions for the preservation of 
‘zobo’drink. International Journal of 
Engineering and Management Research 
(IJEMR). 2015;5(6):121-125. 

27. Nassan MA, Mohamed EH, Abdelhafez S, 
Ismail TA. Effect of clove and                

cinnamon extracts on experimental              
model of acute hematogenous 
pyelonephritis in albino rats: 
immunopathological and antimicrobial 
study. Int. J. Immunopathol. Pharmacol. 
2015;28:60–68. 
DOI: 10.1177/0394632015572075 

28. Liu Q, Meng X, Li Y, Zhao C.-N., Tang G.-
Y, Li H.-B. Antibacterial and antifungal 
activities of spices. Int. J. Mol. Sci. 
2017;18:E1283. 
DOI: 10.3390/ijms18061283 

29. Madonna NM, Peter TN, Wilfred OM. 
‘Herbs and Spices’ Antimicrobial properties 
and possible use in the food sector’. Herbs 
and spices - New Advances. Intech Open; 
2023. 
DOI: 10.5772/intechopen.108143 

30. Carocho M. Adding molecules to food, 
pros and cons: A review on synthetic and 
natural food additives. Comprehensive 
Reviews in Food Science and Food Safety. 
2014;13: 377-399. 

 

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited.  
 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/114008 


