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1. INTRODUCTION

Human health is considered an important issue in 
recent years. Interests in health, nutrition and fitness 
has been increased. To meet consumers demand, 
food companies have rather high expectations in 
food products for a healthy life style. The growing 
interest in new functional foods with special 
characteristics and health promoting properties has 
led to the development of new functional beverage. 
It is difficult and challenging task to develop 
unfermented beverages than semi or fully fermented 
beverages [1,2,3]. In Japan, barley tea is common 
drink, it is non-caffeinated, non-tannin drink which 
has high percentage of β-glucan (polysaccharides) 

and antioxidant compounds [4,5]. Plants containing 
beneficial phytochemicals may supplement the 
needs of the human body by acting as natural 
antioxidants [6]. Phytochemical analysis of plants 
is commercially important being great interest of 
pharmaceutical industries for the production of new 
drugs to cure various diseases [7]. 

Second most consumed beverage after water 
is tea. Abundant quantity of bioactive compounds 
are present in tea, which contain ability to fight 
against many diseases such as diabetes, liver 
diseases, CVDs, cancers and obesity [8,9,10]. This 
has been proven by many epidemiological. Clinical 
trials have also revealed the beneficial effects of 

Development and Stability of Bioactive Compounds in Carbonated 
Black Ice Tea Beverage

Ahmad Din1,3, Muhammad Nadeem2*, Saima Parveen1, Moazzam Rafique Khan3, 
Masooma Munir2,4, Arshad Mahmood5, and Muhammad Luqman6

1Food Technology Section, Ayub Agricultural Research Institute, Faisalabad, Pakistan
2Institute of Food Science and Nutrition, University of Sargodha, Sargodha, Pakistan

3National Institute of Food Science and Technology, University of Agriculture, 
Faisalabad, Pakistan

4Food Science Research Institute NARC, Pakistan
5Beijing Advance Innovation Center for Food Nutrition and Human Health, Beijing Technology 

and Business University, Beijing 100048, China
6Department of Agriculture extension, University college of Agriculture, University of 

Sargodha, Pakistan

Abstract: The aim of present research project was to investigate potential use of black tea extracts to develop 
carbonated beverage from indigenous raw material. Healthy and nutritious black ice tea beverages were developed 
with different levels of extracts. Carbonated black ice tea samples were subjected to analyze after one-month interval 
for total soluble solids, pH, sugars and ascorbic acid content up to period of 90 days. Changes in bioactive compounds 
in terms of total phenolic contents, theaflavins and DPPH free radical scavenging activity were also investigated. 
The storage study showed that total soluble solids, titratable acidity and reducing sugars increased whereas decline 
in pH, ascorbic acid, total phenolic contents, theaflavins, thearubigins and DPPH free radical scavenging activity was 
observed. Results of sensory evaluation indicated that carbonated black ice tea beverage with 0.2% black tea extract 
was highly acceptable at 5°C storage conditions. In Pakistan, because of prolonged summer season, there must be an 
alternate of hot black tea. Iced black tea will be a good option for people who want to take tea in summer too. This 
black tea needs to be commercialized and will get market attention as it has great potential to get consumers attraction.
 
Keywords: Black ice tea, Carbonated beverages, Physicochemical analysis, Bioactive compounds, Storage behavior.



tea and its bioactive compounds against CVDs 
[11]. Cardiovascular diseases (CVDs) are critical 
global public health issues with high morbidity and 
mortality. Additionally, in vitro and in vivo studies 
have also shown that bioactive compounds from tea 
are effective in protecting against many diseases 
including CVDs [12]. 

Black tea (Camellia sinensis L) utilization has 
a historic tradition in Pakistani society and people 
enjoy tea serving. Pakistan is the leading importer 
of tea after United Kingdom with increasing per 
capita demand [13].  There are generally three 
types of teas available in the markets unfermented 
as green tea, semi-fermented as oolong and fully 
fermented as black tea [14].  Nearly thirty-eight 
carotenoids have been estimated in tea leaves and 
the main pigments are from pheophytin a and b 
[15]. These coloring compounds exhibit strong 
antioxidant activities on human health and is of 
great importance as additives in food and cosmetic 
industry [16]. Nowadays carbonated beverages are 
popular among the consumers due to their sensation 
that is produced on the tongue. mixtures of cola, 
sugar vanilla were served as tonics in 1870’s for 
people who were sick, it was also used to add 
flavours to beverages [17]. Polysaccharides are 
added in soft drinks in the form of hydrocolloids 
to capture the CO2 bubbles, it also adds mouth feel 
to beverages [18]. Sensory characteristics are very 
important to measure the quality of the beverage, 
chemical composition also have equal importance 
[19]. Keeping in view the above said properties, 
the objectives of present research project was to 
develop a nutritious formulation from indigenous 
resources in a new popular way with comparison 
to the commercially available carbonated ice tea 
beverage. The stability of bioactive compounds 
and sensory attributes were evaluated at 5°C as a 
function of storage. 

2. MATERIALS AND METHODS

2.1  Procurement of Raw Materials

The ingredients and raw materials like sugar, black 
tea, preservatives, flavor and 1500mL plastic pet 
bottles were procured from local super market 
of Faisalabad, Pakistan. This research project 
was conducted at Food Technology Section, 
Ayub Agricultural Research Institute, Faisalabad, 

Pakistan. 

2.2  Development of Black Tea Extracts and   
       Carbonated Black Ice Tea Beverages 

The black tea extract/infusions were prepared 
according to the method [20] with some 
modifications.  The basic formulation and procedure 
for the development of black tea infusions and 
carbonated beverages were as followed:

a. Extract preparation

Black tea (30g) and water (3000mL) was taken

Steeped in hot water

Left it for 5 minutes after boiling of water

Filtration of the contents with fine muslin cloth to 
get clear black extract

Syrup was prepared by heating the extract after 
adding sugar (5%) and preservatives.

Filtered again prepared syrup

The final volume was made exactly 6 liters with 
the addition of water.

Acorbic acid (2-3g) and lemon flavor (few drops) 
was added after cooling of syrup below 50°C then.

300mL syrup was filled in each 1500mL plastic 
pet bottle (The remaining volume was made up 

during carbonation process)

b. Carbonation

Chilled water (5°C) and CO2 gas was added 
simultaneously up to the volume 1500mL                                       

(Carbonation unit Model: local made, steel top)

CO2 gas pressure was maintained at 50lb/in2

Sodium benzoate (0.1%) was used as 
preservative to make all treatments. The remaining 
treatments were developed through similar pattern 
with incorporated different levels of black tea 
extract according to the treatment plan (Table 1.). 
The developed carbonated black ice tea samples 
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were placed at 5°C to study the storage behavior.

2.3 Analysis of Carbonated Black Ice Tea 
      Beverage

The developed carbonated black ice tea beverages 
were analyzed for various physicochemical tests, 
bioactive compounds and sensory attributes at 5°C 
during storage. The analyses were performed in 
triplicate for quality parameters and five replicates 
for sensory evaluation. 

The methods of analysis and their protocols have 
described below:

2.3.1 Total Soluble Solids (Obrix)

Refractometer (Abbe refractometer model: 2WAJ) 
was used to determine total soluble solids expressed 
as obrix according to the method explained in 
AOAC [21]. 

2.3.2 pH

The pH of the developed carbonated black ice 
tea beverages was determined with digital pH 
meter (Hanna, HI 2211, pH/ORP meter, Europe). 
An amount of 50mL sample was taken in 100mL 
beaker and pH meter was used to measure pH 
values according to method described in AOAC 
(2006).

2.3.3 Titratable Acidity (%) 

The acidity of each prepared sample was estimated 
according to standard method given in AOAC 
(2006). Took the 10mL sample of carbonated black 
ice tea and added distilled water up to 100mL, then 
titrated it with 0.1N NaOH by using phenolphthalein 
as an indicator, till light pink end point. 

2.3.4 Reducing and Non-Reducing Sugars (%)

The reducing and non-reducing sugars of developed 
carbonated black ice tea beverages were calculated 
by using the respective method as mentioned in 
AOAC [21].

2.3.5 Ascorbic Acid (%)

The ascorbic acid contents were determined with the 
utilization of dye (2, 6-dichlorophenolindophenol) 
by following the standard method of AOAC [21].

2.3.5 Total Phenolic Contents

The total phenolic contents were measured through 
folin ciocalteu reagent method [22]. The sample, 
folin ciocalteu reagent and distilled water with 
amounts 125μL and 500μL respectively was mixed 
together and left it at 22ºC for 5 minutes, then added 
4.5mL of NaHCO3 (7%) into the prepared mixture. 
The UV spectrophotometer model; CECIL CE7200 
was used to calculate the absorbance of the mixture 
at 765 nm after 90 minutes. The estimated amounts 
of total phenolic contents were expressed in gallic 
acid equivalent (mg/100GEA). 

2.3.6 Theaflavins and Thearubigins Content

The theaflavins and thearubigins content were 
estimated through the method of Angayarkanni 
[23]. Took the separating funnel in which equal 
volume of samples and iso-butyl methyl ketone 
was mixed. Calculated the value “A”, at 380 nm 
absorbance of the separated organic diluted layer 
with 9mL ethanol, then diluted the organic phase 
(10mL) with the addition of 2.5%  Na2HPO4  
(10mL) . Ethanol was used to dilute the separated 
layer and calculated the absorbance at 380 nm and 
mentioned as “B”.  Similarly “C” was calculated 
when the absorbance was measured at 380 nm with 
aqueous phase of butanol in which 9mL ethanol 
was added.  

TF (%) = 4.313 × C
TR (%) = 13.643 × (A+C-B)

2.3.7 DPPH Free Radical Scavenger Activity (%)

The DPPH radical scavenging activity was 
estimated.  Each 4mL sample was taken and added 

Table 1. Treatment plan
Treatments Black tea extracts

T1
Control, commercially available 

carbonated black ice tea

T2 0.2%

T3 0.4%

T4 0.6%

T5 0.8%
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1mL DPPH then placed the mixture for 30 minutes 
at room temperature. The UV spectrophotometer 
(Model, CECIL CE7200) was used to measure the 
absorbance of the samples at 520 nm wave length. 
Measured the inhibition (%) with the formula given 
below:

Reduction of absorbance (%) = [(AB - AA) / AB] 
× 100

AB = absorbance of blank sample (t = 0 minute)
AA = absorbance of tested extract solution (t = 30 

minutes)

2.3.8 Sensory Evaluation  

The organoleptic evaluation attributes such as color, 
taste, flavor and overall acceptability of developed 
carbonated black ice tea beverages were evaluated 
by a panel composed of students, research and 
technical staff from the Post Harvest Research 
Center, Ayub Agricultural Research Institute, 
Faisalabad, Pakistan, according to 9-points hedonic 
scale [24].   

2.3.9 Statistical Analysis

The obtained results were analyzed statistically by 
Completely Randomized Design (CRD) and two-
way Analysis of Variance (ANOVA) using software 
statistx 8.1. Tukey LSD was used to separate means 
of significant treatments and storage times. Results 
have been presented as means ± standard deviation 
and considered to be significantly different when p 
< 0.05 [25]. 

3. RESULTS AND DISCUSSION

3.1 Total Soluble Solids (°brix)

Changes in total soluble solids are expressed in 
Fig. 1. Mean values showed significant difference 
within the treatments of carbonated black ice tea 
beverages. The total soluble solids did not change 
considerably during storage. At first day of storage, 
it was ranged from 7.65 to 11.54 for T1 to T5, 
with P<0.05. While at the end of storage period 
a slight increase was observed (7.69-11.55). This 
slight increase in total soluble solids is considered 
as a result of hydrolysis of polysaccharides into 
monosaccharide. 

The same increasing trend of total soluble 
solids was observed [26], during storage period in 
different types of carbonated and non-carbonated 
RTS beverages. These results are in agreement with 
previous findings [27] who reported no change in 
the total soluble solids of soft drinks during the 
storage periods.

3.2 Titratable Acidity (%)

Titratable acidity plays a vital role in the shelf 
life of any type of beverage or fermented drinks 
and provides unfavorable conditions for the 
multiplication of microorganisms. It also helps to 
ensure some chemical changes during processing 
and storage. Titratable acidity (%) was increased 
significantly during storage while non-significant 
increase was observed within the treatments 
with increase in percentage of black tea extract               
(Fig. 2). Mean values were ranged from 0.42 to 
0.45 for treatments from T2 to T5 while T1 showed 
highest value for titratable acidity i.e. 1.09 in 
commercial sample. All the treatments showed 
gradual increase in titratable acidity with mean 
values of 1.32, 0.72, 0.73, 0.74 and 0.75 for T1, T2, 
T3, T4 and T5 respectively. Slightly acidic nature of 
aqueous solution of black tea was also observed 
by Sharma et al. [28]. The same increasing trend 
of acidity (0.19-0.51) was observed [29] during 
storage period of different types of non alcoholic 
blended beverages. The decrease in pH and 
increase in acidity during storage might be due to 
degradation of carbohydrates and sugars by the 
action of enzymes.    

3.3 pH
 
pH is inversely proportional to acidity of any 
medium. The present study for carbonated ice tea 
beverage also depicted the same changing pattern 
of pH parameter. pH values affected by various 
treatments and storage interval given in Fig. 3 
showed non-significant difference within treatments 
of carbonated black ice tea beverages while varied 
significantly during storage period. pH values were 
in the range of 3.45 to 4.26 for T1 to T5 at 0 day. 
With the passage of time, pH showed a declining 
trend and was decreased to 3.12, 3.82, 3.83, 3.84 
and 3.85 for T1, T2, T3, T4 and T5 respectively. This 
decrease may be due to the fermentation process 
which produces the acids. The same decreasing 
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Fig. 1. Effect of treatments and storage intervals on total soluble solids (obrix) of carbonated 
black ice tea beverages (T1: Commercial, T2: 0.2% extract, T3: 0.4 % extract, T4: 0.6 % 
extract, T5: 0.8% extract) (Level of significance p< 0.05) 

Fig. 2. Effect of treatments and storage intervals on titratable acidity (%) of carbonated 
black ice tea beverages (T1: Commercial, T2: 0.2% extract, T3: 0.4 % extract, T4: 0.6 % 
extract, T5: 0.8% extract)
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trend in pH of black ice tea was observed by 
Akinwale et al. [30] in his study for physico-
chemical, microbiological changes in blends of 
medicinal tea. These results are also in accordance 
with those reported by El-Faki and Eisa, [27] who 
stated that the pH of various carbonated beverage 
showed a slight decrease from 3.35-3.12, after 90 
days of storage at ambient temperature conditions.

3.4 Ascorbic Acid (mg/100mL)

The ascorbic acid contents significantly decreased 
within the time interval. The results for ascorbic 
acid of carbonated black ice tea beverages are 
depicted in Fig.4. Ascorbic acid contents decreased 
from 9.15 to 4.45 for T1, 11.60 to 7.26 for T2, 12.73 
to 8.35 for T3, 13.50 to 11.60 for T4 and 14.44 to 
10.79 for T5 with the passage of time.  These present 
findings are in close agreement with the research 
studies of Sahota et al. [29] who prepared low 
alcoholic naturally carbonated blended beverage 
from guava and lemon that was within the range of 
25.7 to 8.4 and 27.8 to 2.9.

3.5 Reducing Sugars (%)

The results regarding changes in reducing sugars 
in black ice tea beverages indicated that different 

treatments and storage period had significant effect 
on reducing sugars. Reducing sugars increased 
from 0.71 to 1.02 % in case of T1,1.07 to 1.35%, 
1.10 to 1.37  %, 1.10 to 1.40 % and 1.08 to 1.48 % 
in case of T2, T3, T4 and T5 respectively as shown 
in Fig.5.    

These changes may be attributed to the 
inversion of  sucrose under acidic environment. 
Similar results were found earlier where reducing 
sugars increase from 2.13 to 70 percent during six 
months storage of bottle gourd-basil leaves juice 
[31].

3.6 Non Reducing Sugars(%)

Non-reducing sugars showed significant variation 
in treatments as well as during storage intervals in 
carbonated black iced tea beverages. Highest non 
reducing sugar contents were found at 0 day of 
storage i.e., 6.13 for T1, 9.55 for T2, 9.55 for T3, 
9.53 for T4 and 9.55 for T5 which reduced to 5.36 
in case of  T1, 8.74, 8.73, 8.77, 8.80 in case of T2, 
T3, T4 and T5 respectively. The findings of current 
research  are well supported [32] who found that 
with increase in storage time non-reducing sugars 
decreased. The results are also in line with the 
findings of the Chowdhury et al. [33] who studied 

Fig. 3. Effect of treatments and storage intervals on pH of carbonated black ice tea 
beverages (T1: Commercial, T2: 0.2% extract, T3: 0.4 % extract, T4: 0.6 % extract, T5: 
0.8% extract) (Level of significance p< 0.05)
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Fig. 4. Effect of treatments and storage intervals on ascorbic acid of carbonated black ice tea 
beverages (T1: Commercial, T2: 0.2% extract, T3: 0.4 % extract, T4: 0.6 % extract, T5: 0.8% 
extract)

Fig. 5. Effect of treatments and storage intervals on reducing sugars of carbonated black ice tea 
beverages (T1: Commercial, T2: 0.2% extract, T3: 0.4 % extract, T4: 0.6 % extract, T5: 0.8% extract) 
(Level of significance p< 0.05)
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the six month storage effect on the shelf life of 
mixed juice and found significant decrease in non 
reducing sugars due to breakdown of sucrose wih 
the reaction of acids. 

3.7 Total Phenolic Contents (mg/100GEA)

Total phenolic contents are included in the volatile 
flavoring compounds of black tea. Polyphenols 
are the most important chemical constituent that 
influences the taste and flavor in tea. Means related 
to total phenolic contents in carbonated black ice 
tea beverages are demonstrated in Fig.7. Data 
revealed a significant decrease in total phenolic 
contents from 704.2 to 404.3mg/100GEA in case 
of T1, 828.9 to 582.8mg/100GEA in T2, 1246.3 to 
665.3mg/100 GEA in T3, 1296.9 to 678.3 GEA in T4 
and in case of T5 they were decreased from 1323.3 
to 706.1mg/100 GEA after 90 days of storage. 
These results are almost similar to earlier study of 
total phenolic contents of Indian herbal teas, which 
were ranged from 786.00 to 2789.00mg/100GEA 
of sample studied [34]. Susanne et al. [35] has 
also observed that these volatile compounds are 
more stable at high pH hence this decrease in total 
phenolic compounds are due to the decrease in pH 
of the black ice tea beverages during storage. 

3.8 Theaflavins (%)
Theaflavins in black ice tea are responsible for the 
astringent taste of the beverage. Changes in the 
quantity of theaflavins in the carbonated black ice 
tea beverages during storage affect the quality of 
the tea. The statistical analysis showed significant 
decrease in theaflavins from 1.84% to 1.01% during 
storage period of 90 days. The mean values of all 
the treatments were found to be decreased from 
(1.80-0.70), (1.82-1.10), (1.85-1.15), (1.89-1.20) 
and (1.90-1.26) in case of T1, T2, T3, T4, and T5 
respectively (Fig.8). A gradual degradation in the 
flavoring compounds was also observed [20], who 
reported a decrease in percent theaflavins in black 
tea during storage at 4°C analyzed by HPLC and 
Electrophoresis chromatography. 

3.9 Thearubigins (%)

Thearubigins are responsible for body and richness 
of tea brew. The statistical analysis showed that 
storage intervals and treatments have a significant 
effect on thearubigins. Initially the thearubigins 
were in the range of 10.20 to 12.26. T1 had the 
lowest value i.e., 10.20 while highest thearubigins 
were found in T5 i.e., 12.26 followed by T4 (12.20), 

Fig. 6. Effect of treatments and storage intervals on non-reducing sugars of carbonated black ice tea 
beverages (T1: Commercial, T2: 0.2% extract, T3: 0.4 % extract, T4: 0.6 % extract, T5: 0.8% extract) 
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T3 (11.34) and T2 (11.26) as shown in Fig.9. As 
storage proceeds the thearubigins contents started 
to degrade and decreased up to 4.00%, 4.20%, 
5.30%, 6.20%, and 6.45 % for T1, T2, T3, T4 and 
T5 respectively after three months storage period. 
Thearubigins significantly decreased from 47.39% 
to 60.0% during storage.  

3.10 DPPH (%)

DPPH free radical scavenger activity of carbonated 
black iced tea beverages were found to be 
decreased among all the treatments during the 
storage period of 90 days. Significant difference 
was observed statistically within the treatments and 
storage intervals, (Fig.10) with maximum value 
of DPPH in T5 (56.20) as compared to that of T1 
(50.00), commercially available iced tea beverage. 
At the end of storage period the DPPH free radical 
scavenging activity values were reduced up to 25.00 
for T5 and 26.00, 25.30, 23.00 and 21.67 for T4, T3, 
T2 and T1 respectively. Quan et al. [36] was also 
studied the DPPH free radical scavenging activity 
in several types of Vietnam commercial green tea, 
oolong tea and black tea and reported DPPH of tea 
was attributed to their phenolic contents and ranges 
up to 288, 155 and 155 mg Vitamin C equivalent in 
green tea, oolong tea and black tea respectively and 

it reduced with the passage of time. 

3.11 Sensory evaluation 

Carbonated black ice tea beverages were evaluated 
organoleptically during 90 days of storage. The 
evaluation was conducted after 30 days interval by 
15 students and 10 professional colleagues on the 
basis of nine point hedonic scale. The statistical 
results revealed that all sensory characteristics differ 
significantly (p<0.05) with regard to treatments as 
well as during storage. The organoleptic evaluation 
of different black ice tea treatments as shown in 
Fig.11 indicated that quality of ice tea was referred 
to all the characteristics such as color, taste, flavor 
and overall acceptability. The treatment T2 (with 
0.2% extract) was the highly ranked for all aspects 
of organoleptic evaluation. The control treatment 
was the next best ranked treatment. The least 
ranked treatment by the panelists was T5 with 0.8 % 
extract followed by T3 and T4. The scores for taste 
and flavor were decreased through storage intervals 
due to degradation of phenolic compounds which 
are key components for specific tea flavor. Color 
changes during storage also showed declining trend 
in all samples that may be attributed to light and 
storage conditions. Decrease in the scores assigned 
to flavor of different carbonated ice tea beverages 

Fig. 7. Effect of treatments and storage intervals on total phenolic contents of carbonated black ice tea 
beverages (T1: Commercial, T2: 0.2% extract, T3: 0.4 % extract, T4: 0.6 % extract, T5: 0.8% extract) 
(Level of significance p< 0.05)
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may be attributed to the increase in acidity of 
beverage. A gradual decrease in flavor may be due to 
degradation of flavor during storage of product and 
also due to heat treatment applied during processing 
steps. Such reasons for decrease in flavor have 
been reported [37]. Scores for overall acceptability 
which were cumulative effect of all other sensory 

parameters showed that during storage period of 90 
days there was slight decrease and among all the 
treatments best scores were observed by T2 with 
0.2% black tea extract. Similar trend in sensorial 
properties of ice tea was observed [38] as a function 
of storage. 

Fig. 8. Effect of treatments and storage intervals on theaflavins of carbonated black ice tea 
beverages (T1: Commercial, T2: 0.2% extract, T3: 0.4 % extract, T4: 0.6 % extract, T5: 0.8% 
extract) 

Fig. 9. Effect of treatments and storage on thearubigins of carbonated black ice tea 
beverages (T1: Commercial, T2: 0.2% extract, T3: 0.4 % extract, T4: 0.6 % extract,     
T5: 0.8% extract) (Level of significance p< 0.05)
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Fig. 10. Effect of treatments and storage on DPPH of carbonated black ice tea 
beverages (T1: Commercial, T2: 0.2% extract, T3: 0.4 % extract, T4: 0.6 % extract, T5: 
0.8% extract)

Fig. 11. Effect of storage and treatments on organoleptic attributes of carbonated ice tea 
beverages (T1: Commercial, T2: 0.2% extract, T3: 0.4 % extract, T4: 0.6 % extract, T5: 0.8% 
extract)
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4.   CONCLUSION

A novel formulation of carbonated black ice tea 
beverages was developed. Tea is a good source 
of bioactive compounds like phenolic contents. 
All levels of black tea extracts were found to be 
acceptable for qualitative parameters however, ice 
tea formulated with 0.2% extract was pleasant for 
sensory attributes as compared to other treatments 
including commercial carbonated ice tea sample. 
Carbonated black ice tea could be introduced into 
beverage industry by incorporating some functional 
components and more effective antioxidant 
properties. It has been concluded from the present 
research that to maintain the healthy life such 
functional beverages are suitable for consumption 
due to the presence of vital bioactive compounds 
with good quality attributes. Future research 
would be needed in this regard to explore the 
more bioactive compounds to estimate the effect 
of processing on quality parameters and stability 
during storage. 
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