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ABSTRACT 

Tea is the product that goes through production stages such as withering, 
rolling, shredding, oxidation and drying after the harvest of 2.5 leaves of 
the 
consumed less than black tea due to sensory features. Cold tea is a product 
that is widely used in the world. The cold teas on the market are made 
with black tea extract and contain various additives to improve its sen-
sory properties. In this study, it was aimed to increase the nutritional and 
sensory properties of cold green tea by adding natural substances: honey 

quality of tea were investigated. Green tea samples containing lemon peel 
were infused by heat-assisted method and ultrasound method. Cold tea 

juice addition. The physiochemical parameters (total dry matter, pH, and 
color properties), total phenolic content, antioxidant activity, and sensory 
analysis of the cold tea samples were evaluated. The optimal tea formu-
la determined according to the results is the sample of containing high 
amount of lemon juice. While the total phenolic content was 285.76 ± 2.80 
mg GAE/ 1mL tea and the antioxidant activity was 62.42 ± 6.15 (DPPH 
radical scavenging activity, %) in the green tea sample, the total phenolic 
content was found to be 300.76 ± 3.34 mg GAE/ 1mL tea and the antiox-
idant activity 91.46 ± 1.94 (DPPH radical scavenging activity, %) in the 
sample containing high amount of lemon juice. It was observed that the 
honey and lemon juice addition increased the total phenolic and antioxi-
dant content of the control sample. When the results of the study and the 



sustainability approach are evaluated, a product that will meet the market 
needs has been obtained.

 Green tea, Honey, Lemon, Ultrasound, Antioxidant activity.

INTRODUCTION

Tea, which is stated in the sources of China to be found by chance falling 
into boiling water, has spread all over the world and reached many dif-
ferent cultures. About 30 countries, mainly India, Taiwan, and China, are 
involved in tea production. The presentation, consumption, and brewing 

-

The private sector serves a daily processing capacity of approximately 9 
thousand tons [1].

Tea polyphenols (catechins) create 30% to 42% of the dry weight of solids 

-
bigins, the brown pigment in black tea, are heterogeneous polymers of tea 
catechins. They constitute 60% of the water-extractable material of black 
tea by dry weight. The dominant minerals contained in the water-soluble 
ash of tea are potassium, calcium, magnesium, and aluminum [2]. Green 
tea is loaded with antioxidants and nutritional components; therefore, op-

green tea [3]. 

Epigallocatechin-3-gallate (EGCG) is a substance that has important prop-
-

-
ic substances [4]. Studies have proven that the antioxidant EGCG in tea 

diseases are also known. It has proven antimicrobial properties against 
gram-positive and gram-negative bacteria. These include , , 

 and  species. It is proven that it prevents oral 
[5].



Türkiye is the second biggest honey producer in the world after China. 
It has a 6.9% share in the world market [6]. While honey consumption is 
common, its adulteration is widespread [7]. Since ancient times, honey 

[8]. It is a 
-

tory properties [9]. The major components are complex of sugars and also 

[10]. 
-

phy [11]. While the major components are carbohydrates, the glycemic 
index of honey ranges from 32 to 87 [12]. It is known that heat treatment 

) content 
in honey [13].

Lemon is a medicinal plant belonging to the  family that grows 
on small trees 10 to 20 feet high. The main producers of lemon, which 

Spain, China, USA, Türkiye, Iran, and Italy. Extracts from other parts of 
lemon, which have alkaloids with anticancer activity, have been reported 
in various studies to have antibacterial potential. The peel of citrus fruits is 

[14]. Lemon peel is rich in 
-

son, it is important to evaluate lemon peels in the food industry. It shows 
-

on health, it can be used in the development of functional foods [15].

In the traditional brewing method, the solubility of tea components is in-
creased by the heating or boiling method [16].

sensory properties of tea infusions. Increasing temperature and time ap-
plications make the infusions dark and bitter. In addition, the antioxidant 

depending on the brewing temperature and duration. At this point, the 
composition of the tea before brewing is also important. Determining the 
optimum brewing conditions is very important in terms of the composition 
and sensory properties of the prepared tea [17].



-
ing power [3]. 
The ultrasonic method has become increasingly popular in recent years 
both to prevent loss due to the negative impact of the active ingredients 
on the temperature and to increase the extraction yield [16]. In ultrason-
ic extraction techniques, the material transfer is supported by increasing 

[3]. The advantages of ultrasonic ex-
traction compared to other methods are that the equipment cost is cheap, 
the process is easy, and the time saving is the case. It is stated that it will 

-
anins compared to other methods that require high temperatures and a long 

extracted in extracts obtained from ultrasonic extraction compared to the 
traditional method [18].

green tea’s physicochemical properties and improve sensory acceptance 
by adding lemon derivatives and honey. In the study, the traditional meth-
od of high-temperature infusion and the low-temperature method with ul-
trasound, which is a good extraction method, were used.

The green tea used in the preparation of cold green tea was obtained from 

the study were bought from a local market in Istanbul. Lemon peels were 
dried at 40 o

were used in the study. 



-

tea (control sample) (GT), Traditionally brewed green tea with high hon-
ey content (HGT), Traditionally brewed green tea with high lemon juice 
content (LJGT), Green tea brewed by ultrasonic method (control sample) 
(UGT), Green tea with high honey content brewed by ultrasonic method 
(U-HGT), Green tea with high lemon juice brewed by ultrasonic method 
(U-LJGT). 

Water (100 mL) was taken into a clean jar and placed in a water bath (Stu-
oC. Green tea (2 g) was weighed 

for the sample named GT. Green tea (2 g) and lemon peel (0.2 g) were 
weighed for the sample named HGT and LJGT. All tea samples were trans-
ferred to jars in a constant temperature (85 oC) water bath and infused for 

with the help of a strainer and left at room temperature. 9 g of honey and 
1 g of lemon juice were weighed in the beaker for the HGT sample and 6 
g of honey and 4 g of lemon juice for the LJGT sample. These products 
were added to the tea and mixed homogeneously. The prepared samples 
were kept in the refrigerator until the analysis time. Production steps of the 

The same amounts of the samples by the traditional method were prepared 
for the ultrasound method. The brewing was carried out in an ultrasonic 

oC for 30 min and outside the ultrasonic 
bath at 25 oC for 30 min. The stages after brewing were the same as with 
the traditional method. The production steps of the ultrasound proses are 

time.

Total dry matter analysis of cold tea samples was made using a drying 
oC. The color analysis of cold tea sam-



the CIE Lab system ( Lightness, a*: redness or greenness, : yellow-
ness or blueness). The pH analysis of the samples was performed with a 

(GT: control green tea; HGT: green tea with 9:1 ratio of honey: lemon 
juice; LJGT: green tea with 6:4 ratio of honey: lemon juice).

The total phenolic content of the cold tea samples was determined accord-
ing to the Singleton and Rossi method with some minor changes. 0.1 mL 
of tea sample and 0.9 mL of distilled water were added to the test tubes 
[19]. -
teu reagent. The samples were covered with aluminum foil and kept for 2 
hours at room temperature and in a dark place. At the end of the period, the 
absorbances were determined by a spectrophotometer (PG Instruments, 



was calculated using the standard curve of gallic acid. Results were ex-
pressed in mg gallic acid equivalent (GAE) per 1mL of tea sample. Analy-
sis of total phenolic content was done in 4 parallels for each sample.

Antioxidant activities of cold tea samples were determined according to 

samples were taken into test tubes and 3.9 mL of 6 x 105 DPPH was added 
to each tube and then vortexed [20]. The samples were wrapped with alu-
minum foil and kept in a dark place for 30 minutes at room temperature. 
The absorbances of mixtures were measured by the spectrophotometer in 
the 515 nm wavelength against blank. DPPH radical scavenging activity 
(%) was calculated according to the following formula:

DPPH radical scavenging activity (%) = (Absorbance
sam-

ple
) / Absorbance

blank
) x 100

In the food industry, sensory tests are applied for the acceptability of the 
product [21]. The hedonic scale is the most widely used method for eval-
uating product acceptance among sensory tests [22]. The use of hedonic 
scales allows one sample to be preferred over other samples [21]. In this 
way, panelists’ comments and likes about the product are evaluated [22]. A 

good) was used for sensory analysis of cold tea samples. The samples were 
evaluated in terms of odor, color, taste, and general acceptability. The sam-
ples were coded with randomly selected 3-digit numbers and presented for 
evaluation by panelists. The sensory analysis was carried out in a noiseless 

-
cent light. It is important to provide appropriate environmental conditions 

-
versity faculty and students.

as mean ± standard deviation. The results were evaluated statistically by 



RESULTS AND DISCUSSION

the consumer, color is an important criterion. As the ratio of lemon juice 
increased, the L* value of samples also increased, and it was statistically 

decrease in  value and an increase in a* value was observed, and it was 

 Color and pH value results of tea samples.

Sample* pH L* a*
GT 5.68a ± 0.01 89.66c ± 0.67 -7.69c ± 0.50 30.52a ± 0.68
HGT 3.90c ± 0.01 96.54a ± 0.64 -3.38a ± 0.55 15.09cd ± 0.71
LJGT 3.15f ± 0.01 96.58a ± 0.58 -3.05a ± 0.48 13.97d ± 0.55
U-GT 5.51b ± 0.00 81.02e ± 0.05 -5.51b ± 0.01 19.01b ± 0.01
U-HGT 3.54d ± 0.01 87.97d ± 0.59 -2.90a ± 0.49 15.50c ± 0.63
U-LJGT 3.18e ± 0.00 91.00b ± 0.66 -2.81a ± 0.45 14.54cd ± 0.69

-

It was found that green tea samples (GT, U-GT) had the highest, hon-
ey-dense samples had the medium (HGT, U-HGT) and lemon juice-dense 
samples had the lowest (LJGT, U-LJGT) pH level and it was found statis-

the added products and the proportions of these products. It is known that 
the pH of honey is low (3.2-4.5) [23]. -
ing a high amount of honey is more acidic than the green tea sample. It is 
known that the pH of lemon juice is 2.9 on average [24]. Therefore, it is 
explained that the sample where the lemon juice is dense has a lower pH 
than the sample where the honey is dense.



The total dry matter results of tea products are shown in Table 2. The re-

dry matter ratio than the ultrasound method. Ultrasound extraction time 
can be extended to achieve the level of solids transition in the conventional 
method. Among the product types, it has been proven that HGT has the 

low-moisture food with an average moisture content of 17% [23]. The rea-
son why LJGT contains higher dry matter than GT can be because lemon 
contains 8.4% dry matter [15].

 Total dry matter results of tea samples.

Sample * (%)
GT 0.53e ± 0.11
HGT 4.82a ± 0.08
LJGT 3.62c ± 0.08
U-GT 0.32f ± 0.004
U-HGT 4.60b ± 0.13
U-LJGT 2.94d ± 0.06

-

 

The total phenolic substance and antioxidant activity results of tea samples 
-

ence between the U-HGT and U-LJGT samples, the other samples showed 

found in the LJGT sample. The ultrasonic extraction method did not show 

to the traditional brewing method. 

oxidase, diastase, invertase, catalase, and peroxidase), ascorbic acid, vi-
tamins, proteins, and organic acids [25]. It is known that especially vita-



min C and glucose oxidase have antioxidant activity in honey [26]. In our 
study, there was no increase in the total phenolic content of the honey-add-
ed samples, while it was observed that the antioxidant activities increased. 
It can be concluded that not all antioxidant activities in honey come from 
the phenolic property. This information explains the relation between the 
antioxidant level and total phenolic compound.

 Phenolic substance and antioxidant activity results of tea samples.

Sample
Total Phenolic Substance*

(mg GAE/ 1mL tea)

Antioxidant Activity*

(DPPH radical scavenging 
activity, %)

GT 285.76b ± 2.80 62.42b ± 6.15
HGT 277.65c ± 1.64 89.03a ± 2.38
LJGT 300.76a ± 3.34 91.46a ± 1.94
U-GT 247.48d ± 2.03 53.80c ± 3.58
U-HGT 237.37e ± 4.10 90.61a ± 0.56
U-LJGT 237.32e ± 2.69 92.72a ± 0.57

When the antioxidant activity results of the samples were examined, it was 
determined that the U-LJGT had the highest value. However, it is seen that 

(p>0.05). The lowest value belongs to the U-GT and then the GT sample. 

ingredients.

the samples with honey and lemon juice compared to the green tea sample. 
-

to the control green tea sample. The addition of honey and lemon to green 



tea has been shown to improve sensory properties.

 Sensory analysis results of tea samples.

Sample Color Taste General Aspect

GT 4.12a ± 0.86 4.35a ± 0.79 3.12b ± 0.93 3.59b ± 0.71

HGT 4.06a ± 0.97 4.12a ± 0.93 3.88a ± 0.86 4.12ab ± 0.70

LJGT 4.29a ± 0,99 3.94a ± 0.83 3.88a ± 0.93 4.18a ± 0.88

-

 Sensory analysis results diagram.

CONCLUSION

Cold tea is one of the drinks that is widely consumed in Türkiye and around 
the world. Various additives such as colorants, sweeteners, synthetic an-
tioxidants, and preservatives are used in the products on the market. The 



interest in the consumption of healthy food products is increasing daily. 
It is proven that the tea formulations prepared in this study are promising 
for the industry. When the total phenolic substance, antioxidant activity, 
and sensory analysis results were evaluated, it was concluded that the best 
formulation was green tea containing a high amount of lemon juice. There-
fore, adding honey, lemon peel, and lemon juice to green tea, can meet the 
market needs because of the high nutritional and good sensory properties.
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