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ABSTRACT                                                     ARTICLE INFORMATION         
 

Background: Green tea, produced from the leaves of Camellia sinensis, is the most widely consumed 
beverage in the world after water, and it is widely sold and popular owing to its flavor, and its health 
benefits. Spices have been used by consumers worldwide to improve flavors of food including tea. 
Phenolics are the most common phytochemical found in herbal teas and are beneficial in promoting 
health or preventing diseases. Aims: This study aims to investigate the impact of the addition of mint 
(Mentha piperita L.), cinnamon (Cinnamomum verum), star anise (Illicium verum), ginger (Zingiber 
officinale), white mugwort (Artemisia herba alba) and clove (Syzygium aromaticum) on green tea 
biological properties, and on consumers’ acceptance. Subjects and Methods: Different green tea 
blends were formulated with 10% of each proposed spice. Total phenolic and flavonoid contents of 
formulated blends were measured by Folin-Ciocalteu and aluminum chloride methods, respectively. 
The effect of these herbs supplementation on antioxidant activity of green tea was determined using 
three different methods, namely DPPH assay, ferric reducing antioxidant power (FRAP), and total 
antioxidant capacity (TAC). In vitro antibacterial activity was assessed by the disc-diffusion method. 
Consumers’ acceptance of tea blends was evaluated by a sensory hedonic analysis performed by 127 
panelists. Results: The results revealed significant variability among tea blends in terms of both total 
polyphenols (from 591.951 to 1027.387 mg GAE/L) and flavonoids (from 140.78 to 279.329 mg 
QE/L). As regards the antioxidant activity, control (no supplemented) green tea exhibited the highest 
ferric reducing antioxidant power (RC0.5 = 27.25 mg AAE/g DE). Interestingly tea blends 
supplemented with white mugwort and ginger demonstrated the highest DPPH• scavenging effect 
with IC50 of about 3.37 and 3.38 mg AAE/g DE, respectively, while when supplemented with star 
anise, it showed the highest TAC (66.143 mg AAE/g DE). In the assessment of the antibacterial 
effect, control green tea showed the best efficacy, except for Listeria innocua which was particularly 
sensitive to samples flavored with star anise and clove. The sensory evaluation revealed that clove-
flavored tea was the most preferred by the panelists (31.75%), closely followed by ginger green tea 
(30.95%), green tea and star anise flavored green tea (25.39%). Conclusion: The obtained results 
indicate that adding some species to green tea significantly enhance its phenolic content, boost its 
antioxidant capacity and improve its sensory properties.  

Keywords: Flavored green tea; polyphenols; antioxidant activity; antibacterial activity; sensory 
characteristics. 

 

 

 

1 Introduction 
Green tea, known as Camelliia Sinensis L. is most widely 
consumed beverage gaining in popularity in the western 
world.  It has long been a staple food in Asian countries 1 and 
is considered as a nonalcoholic beverage in the world 2. The 
global increase in tea consumption has been related to its in 

vitro and in vivo functionalities that have established a direct 
relationship between the regular tea consumption and the 
reduced risk of non-communicable degenerative diseases 3. 
Green tea possesses high polyphenolic content and is 
considered as a good source of natural antioxidants 4. It is 
characterized by its richness on flavan-3-ols, also known as 
catechins 5. These compounds are widely used in the 
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prevention and treatment of many diseases due to their 
demonstrated anti-inflammatory, antibacterial and antiviral 
effects. Moreover, they can prevent the development of cancer 
and diabetes 6. In addition, catechins were found to be 
inhibitory against Escherichia coli, Salmonella typhi, 
Staphylococcus aureus, Enterococcus faecalis 7 and Helicobacter 
pylori involved in stomach and intestinal infections 8. 
Furthermore, Izah et al. 9 reported that the ability of natural 
spices to inhibit pathogenic growth was found to be in this 
ascending order: nutmeg, cinnamon, kola nut, clove, garlic, 
ginger, ginger-garlic and lime. 

Concerning its chemical composition, green tea contains 
proteins, which include predominant L- theanine amino acid, 
as well as trace elements such as copper, zinc, iron, selenium, 
sodium, and macro elements; it is a good source of fluorine 
and iodine. Green tea contains also carbohydrates such as 
glucose, lipids (linoleic and linolenic acids), vitamins B2, B3, 
and C 10. Additionally, it contains organic compounds that 
readily produce vapors, contributing to its characteristic 
aroma 11. 

Most of tisanes were prepared from a single ingredient like 
green tea, others were blended in polyherbal mixtures to 
improve their palatability 12 and maximize their effects 13. Tea 
enriched with spices was popular in some countries like in 
Northern Indian, such as kahwa, a traditional mixture of 
green tea extract and other spices like saffron, cardamom, 
pepper or cinnamon and almond pieces 12. In the northern 
African region, green tea is supplemented with mint, clove 
and cinnamon. Finimundy et al. 13 reported that these 
mixtures can increase the content of compounds of interest, 
improving the antioxidant status and the nutritional value of 
these beverages. Indeed, Zheng et al. 14 suggested the potential 
of Ganpu tea in modulating the gut microbiota to benefit 
human health because it increased the abundance of 
Bifidobacterium, Lactobacillus, and Lactococcus.  

Herbs was an ancient source of medicine, flavoring, 
beverages, dyeing, fragrances, and cosmetics uses that have 
attracted biotechnology, cosmetics, pharmaceutical and food 
industries 15. Mostly, the aromatic or spices plants contain 
compounds that possess potent anti-oxidative properties. 
Regularly consuming a wide variety of plants and spices is 
better for health than taking an antioxidant supplement 16. 
Indeed, antioxidants are very important to human health 17. 
Therefore, it is interesting to investigate whether the 
incorporation of spices has a positive effect on health.   

The objective of our study was to evaluate the effect of the 
addition of selected spices: mint (Mentha piperita L.), 
cinnamon (Cinnamomum verum), star anise (Illicium verum), 
ginger (Zingiber officinale), white mugwort (Artemisia 
lactiflora) and clove (Syzygiumaromaticum) on the 

phytochemical composition, antioxidant, antibacterial 
activities and sensory characteristics of decocted green tea.  

2 Material and Methods 

2.1 Plant materials and chemicals 
Green tea (Camelia sinensis) and the selected spices plants 
including mint (Mentha piperita), cinnamon (Cinnamomum 
verum), star anise (Illicium verum), ginger (Zingiber officinale), 
white mugwort (Artemisia herba alba) and clove (Syzygium 
aromaticum) were purchased from a local market (Bejaia, 
Algeria).  The choice of these plants was made according to 
the results of a survey conducted on the consumption of tea 
in Algeria, where people gave the plants, they use to flavor tea. 

All solvents and reagents were of analytical grade. 
Spectrophotometric measurements were obtained using a 
Perkin-Elmer Lambda 25 UV/Vis spectrophotometer. 

2.2 Sample preparation 

Decoctions of green teas were prepared at a concentration of 
1%, which corresponds to the average volume of water and 
weight of tea recommended by manufacturers for a standard 
cup of tea. For flavored green tea (GTC: Green Tea flavored 
Cinnamon; GTCl: Green Tea flavored Clove; GTG: Green 
Tea flavored Ginger; GTS: Green Tea flavored Star anise; 
GTM: Green Tea flavored Mint; GTW: Green Tee flavored 
White mugwort), a mixture of 100 mg of each aromatic plant 
and 900 mg of green tea was extracted with 100 mL of 
distilled water for 5 min at 100 °C, subsequently, the obtained 
solutions were filtered. Non-flavored green tea was also 
prepared by adding 1g of green tea (GT) to      100 mL of 
distilled water and used as a control. 

2.3 Fourier-transform infrared 
spectroscopy (FTIR) 

FTIR spectroscopy is a qualitative and quantitative analysis 
technique used to identify functional groups that appear in 
the form of absorption bands. This method involves exposing 
the molecule of interest to IR radiation. Tea IR spectra were 
recorded using a Fourier transform infrared 
spectrophotometer, the SHIMAZU FTIR-8400S model, 
controlled by a computer with processing software with a 
resolution of   4 cm², in the spectral range of 4000 cm¹ to 400 
cm³.  

The analysis is carried out on mixture of grounded green tea 
extracts (20%) and potassium bromide (80%) (KBr). This 
powder mixture was then pressed in a mechanical die press to 
form a pellet under a pressure of 90 KN. 
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2.4 Determination of total polyphenol 
content (TPC) 

TPC was determined by the Folin-Ciocalteau method 18, and 
the results were expressed in mg of gallic acid equivalent per 
liter of tea (mg GAE/L of Tea), calculated based on the linear 
regression value obtained from the gallic acid calibration 
curve. Briefly, a volume of 0.5 mL of each sample was mixed 
with 2.25 mL of distilled water and 0.25 mL of diluted Folin-
Ciocalteu reagent (1/10, v/v). Then, the mixtures were 
agitated for 1 min. Eight minutes later, 2 mL of Na2CO3 
(7.5% w/v) were added and the obtained solutions were left 
in the dark for 1 h for color development. At the end of the 
incubation time, the absorbance was measured at 765 nm 
using Thermo Scientific Evolution 220 Spectrophotometer 
against a blank solution. Each analysis was performed in 
triplicate. 

2.5 Determination of total flavonoid 
content (TFC)  

The aluminum trichloride method 19 was used to quantify 
flavonoids in different extracts. This method is based on the 
ability of flavonoid compounds to form chromogenic 
complexes with aluminum chloride (AlCl3). One milliliter of 
each sample or of the quality standard (Quercetin), is added 
to 1 mL of the AlCl3 solution (2%). After 10 min, the 
absorbance was read at 430 nm using a UV-Visible 
spectrophotometer. Flavonoid concentration of the different 
extracts was calculated based on the calibration curve, 
established with quercetin, and the results were expressed in 
milligrams of Quercetin Equivalents per Liter of Tea (mg 
QE/L). 

2.6 DPPH free radical scavenging activity 
assessment 

DPPH (2,2-diphenyl-1-picrylhydrazyl) is a free radical 
compound widely used to test the free radical-scavenging 
ability of various samples. DPPH undergoes reduction 
reaction through capturing hydrogen or electron, resulting in 
a color change from purple to yellow 4. To evaluate the radical 
scavenging capacity of different preparations, 1 mL of diluted 
extracts was added to 2 mL of DPPH solution (5.9 mg/100 
mL ethanol). After 30 min of incubation in the dark, the 
absorbance (A) was measured at 517 nm. All measurements 
were made with distilled water as blank sample. The DPPH 
radical scavenging ability (%) of the samples was calculated as 
follow:             

[(A0- A Sample)/A0] × 100 

Where A0 is the absorbance of the control solution 
(containing only DPPH) and Asample is the absorbance of 
DPPH solution with the sample. The measurements were 
performed in triplicate for each sample. The kinetics of this 
activity was used to determine concentrations corresponding 
to a 50% inhibition (IC50). The IC50 values were expressed as 
milligram Ascorbic Acid Equivalent per gram of Dry Extract 
(mg AAE/g DE) and the lowest IC50 corresponds to the 
highest activity. 

2.7 Total antioxidant capacity (TAC) 
evaluation 

The total antioxidant capacity (TAC) of extracts is assessed by 
the phosphomolybdenum method 20, which is based on the 
reduction of molybdenum Mo (VI), present in the form of 
molybdate MoO4

2-, to molybdenum Mo (V) MoO2+ ions in 
the presence of the extract. This reaction takes place in an 
acidic medium and results in a formation of a green 
phosphate/Mo (V) complex. 

An aliquot of 0.2 mL of the sample solution was combined 
with 2 mL of a reagent solution (0.6 M sulfuric acid, 28 mM 
sodium phosphate, and 4 mM ammonium molybdate). The 
resulted mixtures were capped and incubated in a thermal 
block at 95°C for 90 min. After that, the samples were cooled 
to room temperature, and their absorbance was measured at 
695 nm against a blank.  

A typical blank solution, contained 1 mL of reagent solution 
and the appropriate volume of the same solvent used for the 
sample, was incubated under the same conditions as the rest 
of the samples. The TAC was expressed as milligram Ascorbic 
Acid Equivalent per gram of Dry Extract (mg AAE/g DE). 

2.8 Ferric reducing antioxidant power 
method (FRAP) 

The reducing capacity of a compound may serve as a 
significant indicator of its potential antioxidant capacity. 
According to the method of Bhalodia, et al. 21, a series of 
aliquots containing various concentrations of the standard 
and test sample extracts (10 to 100 μg/mL) in 1.0 mL of 
deionized water were mixed with 2.5 mL of phosphate buffer 
(pH 6.6) and 2.5 mL of potassium ferricyanide solution (1%).  

The mixture was incubated at 50 °C in water bath for 20 min 
before being allowed to cool.  Subsequently, 2.5 mL aliquots 
of trichloroacetic acid (10%) were added to the mixture, 
followed by a centrifugation at 3000 rpm for 10 min. The 
upper layer of solution (2.5 mL) was combined with 2.5 mL 
distilled water and 0.5 mL of a freshly prepared ferric chloride 
solution (0.1%). The absorbance was measured at 700 nm 
using UV spectrometer, with ascorbic acid used as standard. 
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Results were expressed as mg Ascorbic Acid Equivalent per 
gram of Dry Extract (mg AAE/g DE). 

2.9 Antibacterial activity assessment  

Test microorganisms 

The extracts were tested against four standard bacteria, 
encompassing three Gram-positive strains: Listeria innocua 
(Clip 74915), Staphylococcus aureus (SARM 43300), 
Enterococcus faeccalis (ATCC 25922), along with one Gram-
negative strain: Salmonella. sp. (hospital strain), using the disc 
diffusion method. The bacterial cultures were maintained on 
nutrient agar and incubated at 37 °C for 18 h prior to their 
use.  

Disc diffusion method 

The antibacterial activity of green tea flavored with various 
species was performed using the disc diffusion method. This 
method has been chosen for its reliability and simplicity. It 
will provide preliminary results on the sensitivity of the 
bacterial strains and the antibacterial activities of the product, 
which can be observed through the measurement of inhibition 
zone diameters appearing around the discs. 

Extracts were sterilized by filtration through a 0.45 μm 
Millipore Express filter. All bacteria were suspended in 
sterilized water, then diluted to 106 CFU/mL and negative 
controls were prepared using distilled water. As a positive 
control, Ciprofloxacin, Novobiocin and Doxycycline were 
used, at a concentration of 5 mg/disc, to determine the 
sensitivity of each microbial species to antibiotics.   

The bacterial strains were spread onto Mueller Hinton Agar 
(MHA) plates. Subsequently, discs (6 mm Ø; Whatman No. 
3) impregnated with different extracts were placed on the 
surface of these agar plates as described by Bachir et Benali 22. 
After that, the inoculated plates were incubated at 37 °C for 
24 h. The antibacterial activity was evaluated by measuring 
the diameter (mm) of the inhibition zone (DIZ) of the tested 
bacteria. All tests were performed in triplicate. 

2.10 Sensory evaluation 
Sensory evaluation was performed by the panelists, who were 
recruited from the staff and students of Abderrahmane Mira 
University of Bejaia (Algeria). Seven samples including green 
tea and 6 flavored green teas were prepared by decocting 1 g 
of tea in 100 mL of hot water (1g of tea/100 mL of water) and 
sweetened with sugar (2 g of sugar/100 mL of green tea 
decoction).  

The hedonic analysis involved 127 untrained panelists of 
mixed gender aged between 18 to 66 years. Additionally, ten 
expert panelists aging from 27 to 50 years, who were able to 

identify specific characteristics of the sensory attributes 
namely, bitterness, aroma, color, odor, astringency, sweetness, 
and piquancy, were selected for a more detailed descriptive 
profiling test. This test aimed to detect the changes in the 
sensory quality between green tea and the flavored varieties 
using the following scale: 1. Absence, 2. Low, 3. Medium, 4. 
Strong, 5. Very strong. 

The evaluation was conducted at room temperatures (20˚C - 
22˚C) under natural light. The samples were coded with 3-
digit numbers and randomly evaluated using a 9-point 
hedonic scale. This scale consisted of general preference 
accompanied by a scale of nine categories as: 1. Extremely 
unpleasant; 2. Very unpleasant; 3. Rather unpleasant; 4. 
Unpleasant; 5. Neither pleasant nor unpleasant; 6. Quite 
pleasant; 7. Pleasant; 8. Very pleasant; 9. Extremely enjoyable.  

2.11 Statistical analysis 
All data were reported as means ± standard deviation from 
three replicates. The analysis of the variance at p < 0.05 was 
carried out using STATISTICA 5.5 to determine significant 
differences among the results. 

3 Results and discussion 

3.1 Fourier-transform infrared 
spectroscopy analysis  

To identify the interactions between green tea and star anise, 
ginger, cinnamon, clove, and mint, the FTIR analysis based 
on the peak values within the region of IR radiation was 
used. During the FTIR analysis, the functional groups of 
these components absorb infrared radiation at characteristic    
wavelength 23.  The spectra of pure green tea and different 
varieties of flavored covering the range from 4000 to 400 
cm−1 are displayed in Figure 1. Several distinct bands are 
observed for the spectra of pure green tea. The broad band 
appeared at~3387 cm−1 has been assigned to the OH 
stretching vibrations groups associated with polyphenol 
and/or catechin 24. The peak observed at ~2937 cm−1 can be 
attributed to the aliphatic C–H stretching vibrations within 
methylene (CH3) groups derived from carbohydrates and 
sugars can be seen 25. 

It should be noted that the O–H stretching overlaps with the 
C–H stretching, but both absorptions are discernible. The 
strong absorption appeared at 1637 cm−1 suggests the presence 
of a carbonyl group (C=O) characteristic of catechin.  

The presence of the band at 1450 cm−1 can be assigned to the 
symmetric bending of methylene groups. Additionally, the 
peak at approximately ~ 1039 cm−1 has been ascribed to the 
C–O stretching vibration of alcohol, phenol and/or C–H 
aromatic stretching 24. It's worth noting that the region of the 
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infrared spectrum between 1000–600 cm-1 is commonly 
referred to as the “fingerprint” region. This region is 
characterized by a complex set of bending vibrations which 
cannot always be correlated with the structure of the green tea 
decoction 25. When analyzing the spectral profile of green tea 
and various flavored products, it can be seen that their spectral 
characteristics are quite similar, except for GTM. Indeed, it 
was observed from the comparison of the spectra of GT and 
GTM (Fig. 1, Table 1), the overlapping of C–H bond as well 
as the “fingerprint” region. 

The absorption bands of various functional groups appear 
within specific regions, and their positions are varied within a 
narrow range (Table 1), The O-H bond shows a shift from 
3387 cm−1 in GT to higher frequencies of 3452 cm−1 in GTM, 
which can be attributed to the presence of internal O-H···O 
hydrogen bonding. Similarly, the C=O stretching peak 
observed at 1637 cm−1 in GT shifts to higher frequencies in 
flavored tea and GTM, and to lower frequencies in GTS, 
GTG, and GTCl. This phenomenon can be attributed to the 
formation of the conjugation between carbonyl and the 
double bond of the aromatic ring 26. FT-IR peak values of 
different functional groups of aqueous green tea and its 
flavored products were shown in Table 1. 
3.2 Effect of the addition of species on 

total phenolic and flavonoid 
contents  

Results presented in Figure 2 showed significant differences at 
p < 0.05 among tested samples. The beverage formulated with 
green tea flavored with mint (GTM) exhibited the highest 
polyphenol and flavonoid contents 1027.387 mg GAE/L and 
279.329 mg QE/L, respectively.  

In contrast, the lowest values were attributed to the green tea 
flavored with clove (GTCl) beverage with a polyphenol 
content of 591.95 mg GAE/L and flavonoid content of 
140.787 mg QE/L. 

The rank order in the TPC was: GTM >GTS - GT >GTW 
>GTG - GTC >GTCl, and that of TFC was: GTM> GTW 
> GTS> GTC>GTG-GT>GTCl. Green tea has a TPC of 
908.46 mg GAE/L or      90.846 mg/g DW, lower than that 
obtained by Giménez et al. 27 which was about 12 g GAE/L 
of infused green tea, but higher than that reported by 
Oliveira 28 which was of 569 mg/L and by Tahir et al. 29 

ranged from 146.97 to 148.94 mg/100 g for green tea. 

Furthermore, we found a TFC of 18.73 mg QE/g in green tea 
which similar with that obtained by Hajimahmoodi et al. 30 
ranged from 2.898 to 31.152 mg Eq catechin/g. Giménez et 
al. 27 reported that the main classes of polyphenols in green tea 
are flavanols and flavonols, and the most common flavonols 
described in green tea are quercetin, kaempferol and 
myricetin, commonly conjugated to a range of sugars. 

The results of the present study showed that mixing some 
herbs with green tea such as mint, star anise, and white 
mugwort increased its TPC and TFC, while the addition of 
ginger, clove and cinnamon decreased its TPC, and clove 
decreased its TFC. 

Figure 1. Representative FTIR spectrum of flavored 
decocted green tea 

(a): Green Tea; (b): Green Tea flavored Star anise; (c): Green Tea 
flavored Ginger; (d): Green Tea flavored Cinnamon; (e): Green Tee 
flavored White mugwort; (f): Green Tea flavored Clove; (g): Green Tea 

  

 
Table1. Comparative Table of FT-IR peak values of 
different functional groups of aqueous green tea and its 
flavored products 

Functional groups OH C-H C=O C-H C-O 

Samples Peak values (cm-1) 

GT 3387 2937 1637 1450 1039 

GTW 3392 2933 1639 1456 1031 

GTS 3414 2929 1629 1458 1033 

GTG 3404 2933 1631 1460 1043 

GTC 3431 2937 1637 1473 1043 

GTCl 3427 2926 1625 - 1043 

GTM 3452 - 1641 - - 

GT : Green Tea; GTC: Green Tea flavored Cinnamon; GTCl: Green Tea 
flavored Clove; GTG: Green Tea flavored Ginger; GTS: Green Tea 
flavored Star anise; GTM: Green Tea flavored Mint; GTW: Green Tee 
flavored White mugwort 
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In their recent study Uduwana et al. 31 reported that the TPC 
was significantly higher (p < 0.05) when both bee honey and 
Citrus limonum were added to plain green tea brew (3160.2 ± 
117.1 μg GAE/mL) compared to the green tea alone (2276.0 
± 71.4 μg GAE/mL), but the total flavonoid content decreased 
unlike total phenolic content with the addition of bee honey 
and Citrus limonum extract from 6.6 ± 0.2 to 4.9 ± 0.4 μg 
QE/mL of infusion. Yap et al. 32 revealed that TC-16, a new 
polyherbal formulation, comprising Curcuma longa L., 
Zingiber officinale var. Bentong, Piper nigrum L., 
Citrofortunella microcarpa (Bunge) Wijnands and Apis dorsata 
honey possessed the most abundant phenolic and flavonoid 
contents (46.14 ± 1.40 mg GAE/g and 132.69 ± 1.43 CE/g, 
respectively) followed by Curcuma longa. 

In addition, Finimundy et al. 13 noted that blends containing 
15% of Laurus nobilis L. and 15% of Juglan regia L. in their 
composition showed higher concentration of phenolic 
compounds (phenolic acids and flavonoids). The mechanisms 
of these interactions are difficult to explain because of the 
complex nature of mixtures, particularly plant extracts. 
Toydemir et al. 33 explained differences in the effect of pine 
honey for all the analyzed tea samples by differences in 
phenolic profiles of the herbal tea samples or the lack of the 

specificity of the Folin-Ciocalteau method for phenolic 
compounds. Indeed, this method is reported to be suffering 
from a number of interfering substances, including specifically 
sugars, aromatic amines, ascorbic acid, amino acids and 
proteins that can also react with this reagent. 

3.3 Effect of the addition of species on 
antioxidant activity 

Figure 3 showed the results of the three antioxidant assays. As 
it can be seen in Figure 3. A, the highest radical scavenging 
activity (IC50 value of 3.371 mg/g DE) was exhibited by the 
GTW, closely followed by GTG (3.377mg/g DE). The 
efficacy of tested samples was ranked depending in their 
radical scavenging ability as follow: GTW-
GTG>GTS>GT>GTC>GTCl>GTM. In their recent study, 
Yap et al. 32, have reported the highest radical scavenging 
activity of Zingiber officinal plant.  

Moreover, the ferric reduction antioxidant power and the 
total antioxidant activity were classified respectively as follows: 
GT> GTCl >GTC-GTG-GTM > GTW>GTS and 

  

Figure 2. Total phenolic and flavonoid contents of flavored decocted green teas 

(A): Total Phenolic Content; (B): Total Flavonoid Content. Values are averages ± standard deviation of triplicate analyses; different letters indicate significant 
difference at p<0.05. Results are ranked in ascending order; a>b>c>d>e>f. GT: Green Tea; GTC: Green Tea flavored Cinnamon; GTCl: Green Tea flavored 
Clove; GTG: Green Tea flavored Ginger; GTS: Green Tea flavored Star anise; GTM: Green Tea flavored Mint; GTW: Green Tee flavored White mugwort. 
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GTS>GTM >GT> GTCl >GTG >GTW> GTC (Figure 3. B 
and C).  

The obtained results show that the highest TAC was observed 
in green tea combined with star anise (GTS), which displayed 

a rate of 66.143 mg AAE/g DE, closely followed by green tea 
combined with mint (GTM) exhibiting an antioxidant 
activity of 60.006 mg AAE/g DE. 

 

 

Figure 3. Antioxidant activity of flavored green teas 

(A): Free Radical Scavenging Activity DPPH; (B): Ferric Antioxidant Reducing Power; (C): Total Antioxidant Capacity. Values are averages ± standard 
deviation of triplicate analysis; different letters indicate significant difference at p<0.05. Results are ranked in ascending order; a>b>c>d>e>f>g. GT: Green 
Tea; GTC: Green Tea flavored Cinnamon; GTCl: Green Tea flavored Clove; GTG: Green Tea flavored Ginger; GTS: Green Tea flavored Star anise; 
GTM: Green Tea flavored Mint; GTW: Green Tee flavored White mugwort. 
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The pure green tea (GT) displayed an antioxidant capacity of 
55.838 mg AAE/g DW, while green tea combined with clove 
(GTCl) showed a value of 50.958 mg AAE/g DE. In addition, 
green tea flavored with white mugwort (GTW) demonstrated 
an antioxidant capacity of 46.812 mg AAE/g DE.  Finally, 
green tea combined with cinnamon (GTC) displayed a 
noteworthy antioxidant activity of   42.968 mg AAE/g DE.               

Different results were observed for the blended teas in both 
FRAP assay (Figure 3.B) and the TAC assay (Figure 3.C). 
Unflavored green tea has obtained the lowest RC0.5 value of 
27.254 mg AAE/g DE, while the beverage GTS exhibited 
the highest value of 66.143 mg AAE/g DE in the total 
antioxidant assay. Yap et al. 32 argued that in vitro 
antioxidant capacity assays can be classified into two types, 
single electron transfer (SET)-based assays and hydrogen 
atom transfer (HAT)-based assays and the DPPH assay was 
found to use both HAT and SET.  Difference in activity can 
be exhibited between different samples because DPPH assay 
only takes into account the hydrophobic antioxidants. The 
reducing properties are primarily due to the content of 
catechin and their gallic esters 34. It has noticed that addition 
of some species to green tea improve its phenolic 
composition and its antioxidant power and the others 
conversely decreased it. Furthermore, Finimundy et al. 13 
reported that the combination of several plants in a drink 
beverage can provide a synergistic effect in terms of 
bioactivities, as their combination improves the antioxidant 
status and reduces oxidative stress. However, Yap et al. 32 
reported that antagonism can occur and the resultant 
antioxidant potential might not always be the additive value 
of the antioxidant properties of each component. 
Tipduangta et al. 35 showed that the summer tea containing 
Aegle marmelos L., Steviarebaudiana., Pandanus amaryllifolius 
and Morus alba L. demonstrated the most promising 
antioxidant properties (p>0.05). Moreover, Zheng et al. 14 
reported that Ganpu tea which is an emerging tea drink 
produced from Pu-erh tea and pericarp of Citrus enhance 
significantly (p < 0.05) the superoxide dismutase (SOD) and 
glutathione peroxidase activities (GSH-Px activities) by 
13.4% and 16.3%, respectively. 

Combination of all these herbs with green tea can 
synergistically enhance antioxidant activity. Indeed, the 
results obtained by Jain, et al. 36 showed that combination of 
all extracts in ratio (5:3:3:3:3:3) of Camellia sinensis, Vitis 
vinifera, Phyllanthus emblica L., Punica granatum, 
Cinnamomum cassia, Ginkgo biloba L. exhibited the highest 
radical scavenging activity (IC50= 33.5 mg/mL) among all 
other combinations as well as for individual extracts. Von 
Staszewski 37 proposed that many interactions take place 
between the compounds of tea infusions, leading to 
synergistic or antagonistic effects. In the other hand, Freeman 

et al. 38 reported that the interactions of antioxidants depend 
on the polarity of the interacting molecules, the reaction rates 
of the antioxidants, and their effective concentration at the 
site of oxidation. Uduwana et al. 31 explained the 
phenomenon of antagonism   in antioxidants through a 
complex mechanism, including the regeneration of weaker 
antioxidants from the stronger ones, formation of complexes 
and adducts, polymerization reactions occurring between the 
antioxidants resulting in compounds with reduced 
antioxidant properties, reactions between free antioxidant 
radicals causing neutralization, and unpredictable mutual 
interactions among antioxidants. While, Olszowy-Tomczyk 39 

explained the phenomenon of synergism by regeneration of 
the stronger antioxidant by the weaker one, formation of 
stable intermolecular complexes between the antioxidants 
which exhibits higher antioxidant activity than that of the 
parent compounds, differences in solubility and phase 
distributions of antioxidants near and at the interface, 
unpredictable interactions between compounds. 

3.4 Effect of the addition of spices on 
the antibacterial activity 

The results of the antibacterial activity of the tea samples are 
shown in Table 2, revealing that the extracts have a broad 
spectrum of activity against Gram-positive and Gram-
negative bacteria. 

In their study, Finimundy et al. 13 specified that polyherbal 
tisane composed of Bay laurel (Laurus nobilis) leaves and 
Walnut (Juglans regia) leaves at equal amounts possessed 
significantly high bioactivity compared to individual 
components. They noted that blends containing 15% Laurus 
nobilis L. and 15% Juglan regia L. displayed greater 
antimicrobial effects against all the tested bacterial strains 
(Bacillus cereus, Listeria monocytogenes, Staphylococcus aureus, 
Micrococcus flavus, Enterobacter cloacae, Salmonella 
Typhymurium) and fungal strains (Aspergillus niger, Aspergillus 
versicolor, Aspergillus fumigatus, Penicillium funiculosum, and 
Penicillium aurantiogriseum). 

It was observed that both GT and GTC were significantly 
effectives against the three tested strains, surpassing the 
effectiveness of the tested anbtibiotics (Ciprofloxacin and 
Novobiocin). Particularly, GT was more potent against 
Salmonella sp with a DIZ value of 25.16 mm. 

In addition, it has been reported by Almajano et al. 34 that tea 
compounds are characterized by their highest antioxidant and 
antimicrobial power.  Indeed, the activity of bacterial agents 
depends on the type of microorganisms and is mainly related 
to their cell wall structure and the outer membrane    
arrangement 40. Phenolic compounds can act at two different 
levels: the cell  membrane  and  cell  wall of the 
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microorganisms 41. They can interact with the membrane 
proteins of bacteria by means of hydrogen bonding through 
their hydroxyl groups which can induce changes in membrane 
permeability and cause cell destruction. They can also 
penetrate into Gram positive bacteria’s cells and coagulate 
their cell content 42. Moreover, antimicrobial mechanism of 
action of phytochemicals is related to the inhibition of ATP-
ase activity, enzymatic reaction, toxins biosynthesis, biofilm 
formation, suppression of virulence factors, inhibiting nucleic 
acid synthesis, altering the lipid profile composition 43. 
Phytoconstituents are responsible for protecting the plant 
against microbial infections 44. For instance, Zhang et al. 45 
reported that epigallocatechingallate (EGCG) gave rise to 
significant morphological alterations in Shegella flexneri cells, 
it might interfere with the production of proteins in bacterial 
cells. 

In the current study, antibiotics have shown the best 
sensitivity against S. aureus, whereas, tea extracts exhibited the 
lower efficacy. Among antibiotics, ciprofloxacin displayed the 
most significant activity against S. aureus (DIZ: 35 mm), 
followed by novobiocin and doxycycline (DIZ: 27mm). 
while, GTS, GTM, GTG presented a DIZ of 21.00 mm, 
20.33 mm and 19.00 mm, respectively. Indeed, Shan et al. 40   
reported that S. aureus was the most sensitive bacteria (DIZ 
15.7 mm) to the crude extract of cinnamon stick followed by 
B. cereus (15.4 mm), with L. monocytogenes being the most 

resistant one (11.5 mm).  Generally, the Gram-positive 
bacteria were more sensitive to the crude extract than the 
Gram-negative bacteria. 

The antibacterial activity of EGCG is associated to their 
interaction with surface proteins and/or producing hydrogen 
peroxide 46. Cui et al. 47 have reported that EGCG binds 
directly to the peptidoglycan layer of S. aureus, causing 
damage to the cell walls. However, damage to Gram-negative 
bacteria, such as E. coli, cell walls has been induced primarily 
by the production of hydrogen peroxide, confirming that 
EGCG exerts different inhibitory mechanisms against Gram-
negative and Gram-positive microorganisms. As we have 
already mentioned, the antibacterial activity of tea extracts can 
be due to their phenolic contents. Indeed, type-A 
procyanidinepolyphenols (TAPP) from cinnamon bark has 
been reported to exhibit activities against microorganisms 48. 
In the other hand, the antibacterial and antifungal activity of 
methanolic leaf extract of M. piperita was probably due to the 
presence of tannins and flavonoids 49. In the same context, 
Goudjil et al. 50 and Namita et al. 51 reported that the 
antibacterial activity of natural substances can be explained by 
their activity (lysis) on bacterial membranes, which leads to an 
extensive loss of critical molecules and ions and therefore to 
the cell death. Catechin of green tea has a broad spectrum of 
antimicrobial activities, including the effective prevention of 
the activity of food-borne bacteria 52,53. 

Table 2. Antibacterial activity of flavored decocted green teas 

 
Gram-positive Gram-negative 

L. innocua S. aureus E. Faecalis Salmonella 

GT  20.00 ± 0.86b 14.33 ±1.15f 21.50 ± 0.50b 25.17 ± 0.29c 

GTC 19.67 ± 1.00b 15.00 ± 0.00e,f 22.00 ± 0.57b 17.67 ± 0.58b 

GTCl 14.00 ± 2.00cd 14.33 ± 0.58f 18.00 ± 0.29c 14.33 ± 0.58d 

GTG 15.00 ± 1.04c 19.00 ± 0.58cd 18.00 ± 0.76c 09.83± 0.28e 

GTS 16.00 ± 1.89c 21.00 ± 1.41c 16.5 0 ± 0.5c 09.67 ± 0.76e 

GTM 16.33 ± 0.50c 20.33 ± 0.58cd 16.50 ± 0.86c 15.00 ± 2.18c 

GTW 18.33 ± 0.28cd 17.67±1.73de 17.00 ± 0.28c 7.17 ± 0.28f 

CIP 26.00 ± 0.00a 35.00 ± 0.00a 35.00 ± 0.00a 15.00 ± 0.00d 

DOXY 11.00 ± 0.00e 27.00 ± 0.00b 21.00 ± 0.00b 0.00 ± 0.00e 

NOV 13.00 ± 0.00d 27.00 ±0.00b 35.00 ± 0.00a 0.00 ± 0.00e 

Values are averages ± standard deviation of triplicate analysis. Different letter in the same column indicates a significant difference (p<0.05). Results are ranked in ascending order; 
a>b>c>d>e>f. GT: Green Tea; GTC: Green Tea flavored Cinnamon; GTCl: Green Tea flavored Clove; GTG: Green Tea flavored Ginger; GTS: Green Tea flavored Star anise; 
GTM: Green Tea flavored Mint; GTW: Green Tee flavored White mugwort, CIP: Ciprofloxacin; DOXY: Doxycyclin; NOV: Novobiocin. 
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3.5 Sensory analysis 

Taste of green tea infusion is constituted of four taste-
elements: bitterness, astringency, brothy taste and sweetness, 
and a good harmony of intensities of each element, within an 
intensity pattern specific to green tea, may give a good taste 54. 

In accordance with other findings, an improvement in the 
sensorial properties was mentioned in the majority of blends. 
Indeed, panelists detected that green tea with clove is the 
highest rank in taste (Figure 4). This preference might be 
related to its distinctive odor, aroma and color intensity. 
Indeed, Lutfiani et al. 55 reported that clove can give brownish 
color and a distinctive pungent. Additionally, eugenol, a 
compound that contained in clove, could processed into a 
synthetic vanillin compound which is an important flavor 
enhancer used in several food products including 
confectionary, chewing gum, cake, bread, and ice cream. 
Following the GTCl the preferred beverage was GTG, 
confirming the report of Supartono et al. 56 who postponed 
that green tea with ginger (GTG) gained almost highest 
consumer acceptance. However, only 23, 81% of the judges 
appreciated the GT which is ranked in the fourth position, 
mainly due to its bitterness. Hydrophobic amino acids 
contribute to the bitter taste, while some hydrophilic amino 
acids, due to their small molecular chains, contribute to the 
sweet taste sensation. Therefore, these amino acids are usually 
used as an evaluation index for assessing the tea quality as 
indicated by Zhang et al. 57. 

 

Our results showed that GTC is ranked in the sixth position 
with a high aroma, and a noticed odor and color intensity. In 
difference to our findings, Lutfiani et al. 55 reported that 
adding 5% cinnamon to instant green tea powder had the best 
effect on sensory properties and arises its acceptance. 

Furthermore, the same researchers stated that cinnamon 
contains a viscous reddish liquid known as oleoresin, which 
gives a distinctive taste and aroma. This component can 
impart a reddish color to the tea, which is due to its 
constituents, anthocyanin and cinnam aldehyde. Regarding 
the GTM, the best consumed tea in the North Africa, was 
ranked in the fifth position but it has the best appreciated 
color and odor.  

Finally, GTW ranked last in consumer preference, this can be 
explained by the strong and recognized bitterness which can 
be explained by the highest levels of polyphenols and 
flavonoids, as reported by Kraujalyte˙ et al. 58 and the 
monomeric flavan-3-ols, which contribute to this taste, while 
the presence of oligomers and polymers of flavan-3-ols 
contributes to astringency. Tang et al. 59 has also reported that 
catechin and tea polyphenols had significant effects on the 
bitterness and astringency of tea infusions but EGCG and 
tannins are involved in the establishment of color, taste and 
flavor of teas. Additionally, furfural and 5-HMF (5-
Hydroxymethylfurfural) having a caramel flavor, are present 
in the Maillard reaction as an intermediate, likely contribute 
to the flavor quality of green tea 50,60. 

 

Figure 4. Sensory attributes of flavored decocted green teas 

(A): Percentage of preferences; (B): Sensory attributes evaluation. Where GT: Green Tea; GTC: Green Tea flavored Cinnamon; GTCl: Green Tea flavored 
Clove; GTG: Green Tea flavored Ginger; GTS: Green Tea flavored Star anise; GTM: Green Tea flavored Mint; GTW: Green Tee flavored White mugwort.  
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4 Conclusion 
The potential health benefits of green tea and herbal teas have 
led to an increased demand of specialty tea products in the 
food market. Nevertheless, a limited research studies on herbal 
mixtures have been conducted to show their benefits, 
polyphenol contents and their antioxidant activities. The 
results of this research have provided an insight into the 
differences in both antioxidant capacity and concentrations of 
polyphenols and flavonoids in flavored green tea decoctions, 
as well as their previously unstudied antibacterial activities.  

The phenolic composition and the antioxidant activity of 
green tea has been improved through supplementation with 
some species like clove, ginger and white mugwort depending 
on the type of used test. The results showed a remarkable 
activity of both green tea (GT) and green tea flavored 
cinnamon (GTC) on the three tested strains Salmonella. sp, 
E. faecalis and L.innocua, when compared to that of antibiotics 
(ciprofloxacin and novobiocin). On the other hand, S. aureus 
exhibited sensitivity to all tested antibiotics, as well as to tea 
extracts, particularly in the case of pure green tea, green tea 
with cinnamon, and green tea with clove. Spices had a positive 
effect on sensory properties of green tea at various threshold 
ranges. The results showed that some spices mixed to green 
tea were preferred more than others. The four best rated spices 
included clove, ginger, star anise and mint. Consequently, it 
can be concluded that, apart from possible improvements in 
flavor and aroma, the mixed tea offers some advantages in 
terms of phenolic compounds, antioxidant and antibacterial 
activities, depending on the type of the strain.  

The results of the sensory evaluation and antioxidant activity 
showed that green tea flavored with ginger is ranked in the 
second position, so we can advise people to consume ginger 
tea. Moreover, our results showed that interactions between 
individual herbs can positively affect the total antioxidant and 
antibacterial activities; it may also promote the consumption 
of GT blends that can act as a chemo preventive agent. So, it 
would be interesting to carry out further studies on the ideal 
proportions to be used in these mixtures of herbs as well as on 
other blends. In addition, the identification of molecules 
responsible for the biological properties of plants, will allow a 
better understanding of the mechanisms involved in positive 
interactions. 
 

Acknowledgements: (1) contributions that need acknowledging but do 
not justify authorship, such as general support by a departmental chair; 
(2) acknowledgments of technical help; and (3) acknowledgments of 
financial and material support, which should specify the nature of the 
support. This should be included in the title page of the manuscript and 
not in the main article file. 
Previous submissions: If the manuscript was presented as part at a 
meeting, the organization, place, and exact date on which it was read. A 

full statement to the editor about all submissions and previous reports 
that might be regarded as redundant publication of the same or very 
similar work. Any such work should be referred to specifically, and 
referenced in the new paper. Copies of such material should be included 
with the submitted paper, to help the editor decide how to handle the 
matter. 
Authors' Contribution: Contributors should provide a description of 
contributions made by each of them towards the manuscript. Description 
should be divided into following categories, as applicable: concept, 
design, definition of intellectual content, literature search, 
experimental/clinical studies, data acquisition, data analysis, statistical 
analysis, manuscript preparation, manuscript editing, and manuscript 
review. One author should take responsibility for the integrity of the 
work as a whole from inception to published article and should be 
designated as “corresponding author”. 
“e.g., A.A. conceived and designed the study, and undertook the 
literature research. All authors participated in the experiment and data 
acquisition.  B.B. and C.C. performed the data analysis. D.D. carried 
out the statistical analysis, prepared, reviewed and drafted the 
manuscript. All authors approved the final version before submission. All 
authors have read and agreed to the published version of the manuscript.” 
Conflicts of Interest: A statement of financial or other relationships that 
might lead to a conflict of interest, if that information is not included in 
the manuscript itself or in an authors’ form. 
 
 

References 
 
[1] Sugita, M., Kapoor, M. P., Nishimura, A., & Okubo, T. (2016). 

Influence of green tea catechins on oxidative stress 
metabolites at rest and during exercise in healthy humans. 
Nutrition, 32(3), 321-331. 
https://doi.org/10.1016/j.nut2015.09/005 

[2] Jiang, L., & Zheng, K. (2023). Towards the intelligent 
antioxidant activity evaluation of green tea products during 
storage: A joint cyclic voltammetry and machine learning 
study. Food Control, 148, 109660. 
https://doi.org/10.1016/j.foodcont.2023.10966 

[3] Santos, J. S., Deolindo, C. T., Hoffmann, J. F., Chaves, F. C., 
do Prado-Silva, L., Sant'Ana, A. S., & Granato, D. (2018). 
Optimized Camellia sinensis var. sinensis, Ilex 
paraguariensis, and Aspalathus linearis blend presents high 
antioxidant and antiproliferative activities in a beverage 
model. Food Chemistry, 254, 348-358. 
https://doi.org/:10.1016/j.foodchem.2018.02.021  

[4] Piran, F., Khoshkhoo, Z., Hosseini, S. E., & Azizi, M. H. 
(2020). Controlling the antioxidant activity of green tea 
extract through encapsulation in chitosan-citrate nanogel. 
Journal of Food Quality, 2020, 1-9. 
https://doi.org/10.1155/2020/7935420 

[5] Pekal, A., Drodz, P., Biesaga, M and Pyrzynska, K . (2012). 
Screening of the antioxidant properties and polyphenol 
composition of aromatised green tea infusions. Journal of the 
Science Food and  Agriculture, 92(11), 2244-9. 
https://doi.org/10.1002/jsfa.561 

https://doi.org/10.1016/j.nut2015.09/005
https://doi.org/10.1016/j.foodcont.2023.10966
http://dx.doi.org/10.1016/j.foodchem.2018.02.021
https://doi.org/10.1155/2020/7935420
https://doi.org/10.1002/jsfa.5611


  Z. Bey-Ould Si Said et al.                                                                            Phenolic content and biological bioactivities of the decocted green tea 

 
  

 
 Nor. Afr. J. Food Nutr. Res. • Volume 8 • Issue 17 • 2024                                                                                                                                              213 

 
 
 

[6] Cyboran, S., Strugała, P., Włoch, A., Oszmiański, J., & 
Kleszczyńska, Y. (2015). Concentrated green tea 
supplement: Biological activity and molecular mechanisms. 
Life Sciences, 126, 1-9. https://doi .org/10.1002/jsfa.5611 

[7] PreetiArya, A. D., & Guarve, K. (2019). Green tea: Chemical 
composition, biological effects and health benefits. Asian 
Journal of Pharmacy and Pharmacology, 5(2), 227-234. 
https://doi.org/10.31024/ajpp.2019.5.2.3 

[8] Poonam, V., Archita, M., Deepali, S., Hemant, G., & 
Himanshu, S. K. (2015). A review on: green tea: a 
miraculous drink. International Journal of Pharmaceutical 
Sciences Review and Research, 51(2), 26-34. 

[9] Izah, S. C., Kigigha, L. T., Aseibai, E. R., Okowa, I. P., & 
Orutugu, L. A. (2016). Advances in preservatives and 
condiments used in zobo (a food-drink) 
production. Biotechnological Research, 2(3), 104-111. 
http://br.biomedpress.org/index.php/br/article/view/721 

[10] Musial, C., Kuban-Jankowska, A., & Gorska-Ponikowska, 
M. (2020). Beneficial properties of green tea catechins. 
International Journal of Molecular Sciences, 21(5), 1744. 
https://doi.org/10.3390/ijms21051744 

[11] Namita, P., Mukesh, R., & Vijay, K. J. (2012). Camellia 
sinensis (green tea): a review. Global journal of pharmacology, 
6(2), 52-59. ISSN 1992-0075, IDOSI Publications. 

[12] Zayapor, M. N. & Syahida, M., (2023). Herbal infusion – 
processing Techniques, bioactivity, quality, and safety. Food 
Research, 6 (2): 134 – 154. 
https://doi.org/10.26656/fr.2017.6(S2).019 

[13] Finimundy, T. C., Pereira. C., Dias, M. I., Caleja, C., 
Calhelha, R. C., Sokovic, M., Stojkovi´c, D., Carvalho, A. 
M.,  Rosa, E., Barros, L., &  Ferreira, I. C. F. R. (2020). 
Infusions of Herbal Blends as Promising Sources of Phenolic 
Compounds and Bioactive Properties. Molecules, 25(9), 
2151. https://doi.org/10.3390/molecules25092151 

[14] Zheng, Y., Zeng, X., Chen, T., Peng, W., & Su, W. (2020). 
Chemical profile, antioxidative, and gut microbiota 
modulatory properties of Ganpu tea: A derivative of Pu-erh 
tea. Nutrients, 12(1), 224. 
https://doi.org/10.3390/nu12010224 

[15] Zaidi, S., & Dahiya, P. (2015). In vitro antimicrobial 
activity, phytochemical analysis and total phenolic content 
of essential oil from Mentha spicata and Mentha piperita. 
International Food Research Journal, 22(6), 2440. 

[16] Tipduangta, P., Julsrigival, J., Chaithatwatthana, K., 
Pongterdsak, N., Tipduangta, P., & Chansakaow, S. 
(2019). Antioxidant properties of Thai traditional herbal 
teas. Beverages, 5(3), 44. 
https://doi.org/0.3390/beverages5030044 

[17] Wankhede, T. B. (2015). Evaluation of antioxidant and 
antimicrobial activity of the Indian clove Syzygium 

aromaticum L. Merr. and Perr.  International Research 
Journal of Science and Engineering, 3(4), 166-172. ISSN: 
2322-0015  

[18] Singleton, V. L., & Rossi, J. A. (1965). Colorimetry of total 
phenolics with phosphomolybdic-phosphotungstic acid 
reagents. American journal of Enology and Viticulture, 16(3), 
144-158. https://doi.org/ 10.5344/ajev.1965.16.3.144 

[19] Bahorun, T., Gressier, B., Trotin, F., Brunet, C., Dine, T., 
Luyckx, M., Vasseur, J., Cazin, M., Cazin, J.C., & Pinkas, 
M. (1996). Oxygen species scavenging activity of phenolic 
extracts from hawthorn fresh plant organs and 
pharmaceutical preparations. Arzneimittel-Forschung, 46 
(11), 1086-9. PMID: 8955870  

[20] Prieto, P., Pineda, M., & Aguilar, M. (1999). 
Spectrophotometric quantitation of antioxidant capacity 
through the formation of a phosphomolybdenum complex: 
specific application to the determination of vitamin E. 
Analytical biochemistry, 269 (2), 337-341. ID 
abio.1999.4019 

[21] Bhalodia, N. R., Nariya, P. B., Acharya, R. N., & Shukla, 
V. J. (2013). In vitro antioxidant activity of hydro alcoholic 
extract from the fruit pulp of Cassia fistula Linn. Ayu, 34(2), 
209-214. https://doi.org/10.4103/0974-8520.119684  

[22] Bachir, R. G., & Benali, M. (2012). Antibacterial activity of 
the essential oils from the leaves of Eucalyptus globulus 
against Escherichia coli and Staphylococcus aureus. Asian 
Pacific Journal of Tropical Biomedicine, 2(9), 739-742. 
https://doi.org/10.1016/S2221-1691(12)60220-2 

[23] Thompson, J. M. (2018). Infrared spectroscopy. CRC 
Press. ISBN1-351-20602-8 

[24] Robb, C. S., Geldart, S. E., Seelenbinder, J. A., & Brown, 
P. R. (2002). Analysis of green tea constituents by HPLC-
FTIR. Journal of Liquid Chromatography & Related 
Technologies, 25(5), 787-801. https://doi.org/10.1081/JLC-
120003036 

[25] Stuart, B. H. (2004). Infrared spectroscopy: fundamentals 
and applications. John Wiley & Sons. ISBN 978-0-470-
01113-3 

[26] Mayo, D. W., Miller, F. A., & Hannah, R. W. (2004). 
Course notes on the interpretation of infrared and Raman 
spectra. John Wiley & Sons. ISBN 0-471-24823-1 

[27] Giménez, B., Moreno, S., López-Caballero, M. E., 
Montero, P., & Gómez-Guillén, M. C. (2013). Antioxidant 
properties of green tea extract incorporated to fish gelatin 
films after simulated gastrointestinal enzymatic digestion. 
LWT-Food Science and Technology, 53(2), 445-451. 
https://doi.org/10.1016/j.lwt.2013.03.020 

[28] Oliveira, J. T., da Costa, F. M., da Silva, T. G., Simões, G. 
D., dos Santos Pereira, E., da Costa, P. Q., & Pieniz, S. 
(2023). Green tea and kombucha characterization: Phenolic 

https://doi.org/10.31024/ajpp.2019.5.2.3
http://br.biomedpress.org/index.php/br/article/view/721
https://doi.org/10.3390/ijms21051744
https://doi.org/10.26656/fr.2017.6(S2).019
https://doi.org/10.3390/molecules25092151
https://doi.org/10.3390/nu12010224
https://doi.org/0.3390/beverages5030044
https://doi.org/10.4103%2F0974-8520.119684
https://doi.org/10.1016/S2221-1691(12)60220-2
https://doi.org/10.1081/JLC-120003036
https://doi.org/10.1081/JLC-120003036
https://doi.org/10.1016/j.lwt.2013.03.020


  Z. Bey-Ould Si Said et al.                                                                            Phenolic content and biological bioactivities of the decocted green tea 

 
 

 
 214                                                                                               Nor. Afr. J. Food Nutr. Res. • Volume 8 • Issue 17 • 2024 

 
 
 

composition, antioxidant capacity and enzymatic inhibition 
potential. Food Chemistry, 408, 135206. 
https://doi.org/10.1016/j.foodchem-.2022.135206 

[29] Tahir, H.E., Xiaobo, Z., Jiyong, S., Mariod, A.A., Wiliam, 
T. (2016). Rapid determination of antioxidant compounds 
and antioxidant activity of Sudanese Karkade (Hibiscus 
sabdariffa L.) using near infrared spectroscopy. Food 
Analytical Methods, 9(5), 1228–1236. 
https://doi.org/10.1007/s12161-015-0299-z 

[30] Hajimahmoodi, M., Hanifeh, M., Oveisi, M. R., Sadeghi, 
N., & Jannat, B. (2008). Determination of total antioxidant 
capacity of green teas by the ferric reducing/antioxidant 
power assay. Iran Journal of Environmental Health Science & 
Engineering, 5(3), 167-172. 

[31] Uduwana, S., Abeynayake, N., & Wickramasinghe, I. 
(2023). Synergistic, antagonistic, and additive effects on the 
resultant antioxidant activity in infusions of green tea with 
bee honey and Citrus limonum extract as additives. Journal 
of Agriculture and Food Research, 53(2), 445-451. 
https://doi.org/10.1016/j.jafr.2023.100571 

[32] Yap, V. L., Tan, L. F., Rajagopal, M., Wiart, C., Selvaraja, 
M., Leong, M. Y., & Tan, P. L. (2023). Evaluation of 
phytochemicals and antioxidant potential of a new 
polyherbal formulation TC-16: additive, synergistic or 
antagonistic?. BMC Complementary Medicine and Therapies, 
23(1), 1-10. https://doi.org/10.1186/s12906-023-03921-0 

[33] Toydemir, G., Capanoglu, E., Kamiloglu, S., Firatligil-
Durmus, E., Sunay, A. E., Samanci, T., Boyacioglu, D. 
(2015). Effects of Honey Addition on Antioxidative 
Properties of Different Herbal Teas. Polish Journal of 
Food and Nutrition Sciences, 65(2), 127–135. 
https://doi.org/10.1515/pjfns-2015-0019  

[34] Almajano, M. P., Carbo, R., Jiménez, J. A. L., & Gordon, 
M. H. (2008). Antioxidant and antimicrobial activities of 
tea infusions. Food Chemistry, 108(1), 55-63. 
https://doi.org/10.1016/j.foodchem.2007.10.040 

[35] Tipduangta, P., Julsrigival, J., Chaithatwatthana, K., 
Pongterdsak, N., Tipduangta, P., & Chansakaow, S. 
(2019). Antioxidant properties of Thai traditional herbal 
teas. Beverages, 5(3), 44. 
https://doi.org/0.3390/beverages5030044 

[36] Jain, D. P., Pancholi, S. S., & Patel, R. (2011). Synergistic 
antioxidant activity of green tea with some herbs. Journal of 
Advanced Pharmaceutical Technology & Research, 2(3), 177. 
https://doi.org/10.4103/2231-4040.85538 

[37] Von Staszewski, M., Pilosof, A., Jagus, R. (2011). 
Antioxidant and antimicrobial performance of different 
Argentinean green tea varieties as affected by whey proteins. 
Food Chemistry, 125, 186–192. 
https://doi.org/10.1016/j.foodchem.2010.08.059 

[38] Freeman, B. L., Eggett, D. L., & Parker, T. L. (2010). 
Synergistic and antagonistic interactions of phenolic 
compounds found in navel oranges. Journal of Food 
Science, 75(6), C570-

C576.  https://doi.org/10.1111/j.1750-
3841.2010.01717.x 

[39] Olszowy-Tomczyk, M. (2020). Synergistic, antagonistic 
and additive antioxidant effects in the binary mixtures. 
Phytochemistry Reviews, 19, 63-103. 
https://doi.org/10.1007/s11101-019-09658-4 

[40] Shan, B., Cai, Y. Z., Brooks, J. D., & Corke, H. (2007). 
Antibacterial properties and major bioactive components of 
cinnamon stick (Cinnamomum burmannii): activity against 
foodborne pathogenic bacteria. Journal of Agricultural and 
Food Chemistry, 55(14), 5484-5490. 
https://doi.org/10.1021/jf070424d 

[41] Taguri, T., Tanaka, T., & Kouno, I. (2006). Antibacterial 
spectrum of plant polyphenols and extracts depending upon 
hydroxyphenyl structure. Biological and Pharmaceutical 
Bulletin, 29(11), 2226-
2235.  https://doi.org/10.1248/bpb.29.2226  

[42] Tian, F., Li, B., Ji, B., Yang, J., Zhang, G., Chen, Y., & 
Luo, Y. (2009). Antioxidant and antimicrobial activities of 
consecutive extracts from Galla chinensis: The polarity 
affects the bioactivities. Food Chemistry, 113(1), 173-179. 
https://doi.org/10.1016/j.foodchem.2008.07.062 

[43] Prakash, B., Kumar, A., Singh, P. P., & Songachan, L. S. 
(2020). Antimicrobial and antioxidant properties of 
phytochemicals: Current status and future perspective. 
Functional and Preservative Properties of Phytochemicals, 1-4. 
https://doi.org/10.1016/B978-0-12-818593-3.00001-4 

[44] Doughari, J. H. (2012). Phytochemicals: extraction 
methods, basic structures and mode of action as potential 
chemotherapeutic agents (pp. 1-33). Rijeka, Croatia: 
INTECH Open Access Publisher. 
https://doi.org/10.5772/26052 

[45] Zhang, Y., Zhang, Y., Ma, R., Sun, W., & Ji, Z. (2023). 
Antibacterial Activity of Epigallocatechin Gallate (EGCG) 
against Shigella flexneri. International Journal of 
Environmental Research and Public Health, 20(6), 4676. 
https://doi.org/10.3390/ijerph20064676  

[46] Akagawa, M., Shigemitsu, T., & Suyama, K. (2003). 
Production of hydrogen peroxide by polyphenols and 
polyphenol-rich beverages under quasi-physiological 
conditions. Bioscience, Biotechnology, and Biochemistry, 
67(12), 2632-2640. https://doi.org/10.1271/bbb.67.2632 

[47] Cui, Y., Oh, Y. J., Lim, J., Youn, M., Lee, I., Pak, H. K., 
Park, W., JO., W. & Park, S. (2012). AFM study of the 
differential inhibitory effects of the green tea polyphenol 
(−)-epigallocatechin-3-gallate (EGCG) against Gram-

https://doi.org/10.1016/j.foodchem-.2022.135206
https://doi.org/10.1007/s12161-015-0299-z
https://doi.org/10.1016/j.jafr.2023.100571
https://doi.org/10.1186/s12906-023-03921-0
https://doi.org/10.1016/j.foodchem.2007.10.040
https://doi.org/0.3390/beverages5030044
https://doi.org/10.4103%2F2231-4040.85538
https://doi.org/10.1016/j.foodchem.2010.08.059
https://doi.org/10.1111/j.1750-3841.2010.01717.x
https://doi.org/10.1111/j.1750-3841.2010.01717.x
https://doi.org/10.1007/s11101-019-09658-4
https://doi.org/10.1021/jf070424d
https://doi.org/10.1248/bpb.29.2226
https://doi.org/10.1016/j.foodchem.2008.07.062
https://doi.org/10.1016/B978-0-12-818593-3.00001-4
https://doi.org/10.5772/26052
https://doi.org/10.3390/ijerph20064676
https://doi.org/10.1271/bbb.67.2632


  Z. Bey-Ould Si Said et al.                                                                            Phenolic content and biological bioactivities of the decocted green tea 

 
  

 
 Nor. Afr. J. Food Nutr. Res. • Volume 8 • Issue 17 • 2024                                                                                                                                              215 

 
 
 

positive and Gram-negative bacteria. Food Microbiology, 
29(1), 80-87. https://doi.org/10.1016/j.fm.2011.08.019 

[48] Vetal, S., Bodhankar, S. L., Mohan, V., & Thakurdesai, P. 
A. (2013). Anti-inflammatory and anti-arthritic activity of 
type-A procyanidine polyphenols from bark of 
Cinnamomum zeylanicum in rats. Food Science and Human 
Wellness, 2(2), 59-67. 
https://doi.org/10.1016/j.fshw.2013.03.003 

[49] Pramila, D. M., Xavier, R., Marimuthu, K., Kathiresan, S., 
Khoo, M. L., Senthilkumar, M. Sathya, K., & Sreeramanan, 
S. (2012). Phytochemical analysis and antimicrobial 
potential of methanolic leaf extract of peppermint (Mentha 
piperita: Lamiaceae). Journal of Medicinal Plants Research, 
6(2), 331-335. https:// doi.org/0.5897/JMPR11.1232 

[50] Goudjil, M. B., Ladjel, S., Bencheikh, S. E., Zighmi, S. and 
Hamada, D.(2015).  Chemical composition, antibacterial 
and antioxidant activities of the essential oil extracted from 
the Mentha piperita of southern Algeria research. Journal of 
Phytochemistry, 9(2): 79-87, 2015. https://doi.org/ 
10.3923/rjphyto.2015.79.87 

[51] Namita, P., Mukesh, R., & Vijay, K. J. (2012). Camellia 
sinensis (green tea): a review. Global Journal of Pharmacology, 
6(2), 52-59. ISSN 1992-0075 © IDOSI Publications, 2012 

[52] Bansal, S., Choudhary, S., Sharma, M., Kumar, S. S., 
Lohan, S., Bhardwaj, V., & Jyoti, S. (2013). Tea: a native 
source of antimicrobial agents. Food Research International, 
53(2), 568-584. 
https://doi.org/10.1016/j.foodres.2012.07.023 

[53] Nance, C. L., Siwak, E. B., & Shearer, W.T. (2009). 
Preclinical development of the green tea catechin, 
epigallocatechin gallate, as an HIV-1 therapy. Journal of 
Allergy and Clinical Immunology, 123(2), 459–465.  
https://doi.org/10.1016/j.jaci.2008.12.024 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[54] Nakagawa, M. (1975). Chemical components and taste of 
green tea. Japan Agricultural Research Quarterly, 9(3), 156-
160. ISBN 1-351-20602-8 

[55] Lutfiani, F., Wibowotomo, B., & Devi, M. (2020). 
Chemical and Organoleptic Properties Analysis of 
Breadfruit Leaves (Artocarpus Altilis) Herbal Tea with 
Cinnamon and Clove Addition. In 2nd International 
Conference on Social, Applied Science, and Technology in 
Home Economics (ICONHOMECS 2019) (pp. 208-216), 
Atlantis Press. 
https://doi.org/10.2991/assehr.k.200218.033 

[56] Supartono, W., Sukartiko, A. C., Yuliando, H., & Kristanti, 
N. E. (2015). Possibility of some indigenous spices as flavor 
agent of green tea. Agriculture and Agricultural Science 
Procedia, 3, 62-66. 
https://doi.org/10.1016/j.aaspro.2015.01.014 

[57] Zhang, Q., Zhang, Y., Xie, J., Ye, J., Pang, X., & Jia, X. 
(2022). Differences in the analysis of the quality indexes and 
characteristic amino acids of the different grades of Wuyi 
Shuixian (Camellia sinensis) tea. Food Science and 
Technology, 42, e66122. https://doi.org/10.1590/fst.66122 

[58] Kraujalytė, V., Pelvan, E., & Alasalvar, C. (2016). Volatile 
compounds and sensory characteristics of various instant 
teas produced from black tea. Food Chemistry, 194, 864-
872. http://dx.doi.org/10.1016/j.foodchem.2015.08.051 

[59] Tang, Y., Yu, X., Zhang, Y., Lu, X., Liu, Q., Jia, Y., & He, 
C. (2020). Sensory descriptive analysis of green tea: 
correlation with chemical components. Earth and 
Environmental Science, 461(1), 012013. 
http://doi.org/10.1088/1755-1315/461/1/012013 

[60] Alluhayb, A. H., & Logue, B. A. (2017). The analysis of 
aroma/flavor compounds in green tea using ice 
concentration linked with extractive stirrer. Journal of 
Chromatography A, 1518, 8-14. 
https://doi.org/10.1016/j.chroma.2017.08.049 

 
 
 
 
 
 
 
 

 
 

https://doi.org/10.1016/j.fm.2011.08.019
https://doi.org/10.1016/j.fshw.2013.03.003
https://doi.org/10.1016/j.foodres.2012.07.023
https://doi.org/10.1016/j.jaci.2008.12.024
https://doi.org/10.2991/assehr.k.200218.033
https://doi.org/10.1016/j.aaspro.2015.01.014
https://doi.org/10.1590/fst.66122
http://dx.doi.org/10.1016/j.foodchem.2015.08.051
http://doi.org/10.1088/1755-1315/461/1/012013
https://doi.org/10.1016/j.chroma.2017.08.049

	2 Material and Methods
	Test microorganisms
	Disc diffusion method
	3 Results and discussion
	3.1 Fourier-transform infrared spectroscopy analysis
	3.2 Effect of the addition of species on total phenolic and flavonoid contents
	3.3 Effect of the addition of species on antioxidant activity
	3.4 Effect of the addition of spices on the antibacterial activity
	3.5 Sensory analysis
	4 Conclusion
	References

