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Abstract
Nutraceutical products and dietary supplements are playing a vital adjunctive role in treating several ailments. Value addition and product diversification is 
an important strategy in food and beverage industries. Many tea diversification products are available in global nutraceutical market. This study reports the 
formulation of a value-added black tea oral tablet with Sustained Release (SR) effect. ‘Value added black tea’ is a chemically processed aqueous extract of black tea 
as the active ingredient with spices (Cinnamon, Ginger, and Cardamom) in the form of value-added additives. The compatibility of the excipients with VABT was 
justified by FTIR analysis. The fourth batch of formulation showed 99.55% release of VABT up to 20 hrs. Cmax and AUC values showed the maintenance of the 
desired plasma concentration level of SR-VABT tablets; longer half-lives with slower drug disposition justified sustained release effect. Their prolonged retention 
in plasma is shown by MRT values. The product developed and its quality assessment justifies it as a suitable black tea diversification product.
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Abbreviations
AUC: Area Under the Curve; BD: Bulk Density; FTIR: Fourier 

Transform Infrared Spectroscopy; HPMC: Hydroxyl Propyl Methyl 
Cellulose; LC-MS: Liquid Chromatography- Mass Spectroscopy; 
MRT: Mean Residence Time; PVP: Poly Vinyl Pyrrolidone; PK: 
Pharmacokinetics; PSMs: Plant Secondary Metabolites; RSM: 
Response Surface Methodology; SR: Sustained Release; TBD: Tapped 
Bulk Density; VABT: Value Added Black Tea

Introduction
There has been a radical change in the treatment strategy. Now 

therapeutic life style interventions e.g., dietary interventions, enhanced 
physical activities, avoidance of sedentary lifestyle are being practiced 
alongside pharmacotherapy [1]. The basic underlying concept of 
integrative medicine that hyphenates conventional approaches with 
the evidence based complementary therapy are being practiced in 
the treatment of several chronic ailments [2,3]. Plant bioactives can 
act as multi target therapeutic entities with evidence based adjunct 
potentials in treating several multifactorial ailments. Different 
nutraceutical products and dietary supplements are being formulated 
with the Plant Secondary Metabolites (PSMs) as active ingredients 
[4-8]. Developing value added nutraceuticals, food combinatorics, 
multi component concentrates and finally product diversification has 

opened new vistas of research. Tea (Camellia sinensis) is a popular 
beverage. Different tea diversified products have already captured 
the global nutraceuticals market [9]. This research article reports 
the formulation, quality control and pharmacokinetic studies of a 
beverage tablet, a black tea diversification product. The formulation 
is reported to contain black tea (Camellia sinensis) with a chemical 
admixture of spices (Cinnamon or Cinnamomum zeylanicum; Ginger 
or Zingiber officinale; Cardamom or Elettaria cardamomum) in the 
form of an aqueous extract that will be having a sustained release 
effect on oral administration. This aqueous extract is known as ‘Value 
Added Black Tea’ or VABT which has been documented in our prior 
research findings [10].

Materials and Methods
Chemicals and reagents

The chemicals and reagents used for work were either of analytical 
or HPLC grade and were purchased from either Sigma (India) or 
Merck (India).

Instruments
Electronic balance (Shimadzu BL-220H, Japan); Hot air oven 

(Chemi Equipments, India); Standard sieve 30# (Jayant Scientific, 
India); Bulk density apparatus (Indo lab VTAP/MATIC-II, India); 
Tablet compression machine (Cadmach, Ahmadabad, India); 
Hardness tester (Monsanto, India); Friability apparatus (Veego 
scientific VFT-DV, India); Vernier caliper (Indolab, MITUTOYO, 
Japan); USP Type I tablet dissolution apparatus (LABINDIA DS 
8000); Infrared spectroscopy (Thermo Nicolet Nexus 870).

Preparation of Value-Added Black Tea (VABT)
Value Added Black Tea or VABT can be considered as an edible 

food mixture from the scientific point of view. Optimization of ratios 
of black tea with the mentioned spices by mixture design approach 
of Response Surface Methodology (RSM) using Design Expert Trial 
version 7.0 software and the details of its chemo profiling showing the 
presence of several bioactive compounds have been documented in 
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our earlier works [10]. Briefly, the chemo metrically optimized weight 
ratio of 420:50:54:26 (Black tea: cinnamon: ginger: cardamom) [10], 
was subjected to hot water maceration for 3 hr. the next sequential 
steps include filtration, centrifugation (4000 rpm, 10 min), rota 
evaporation for concentrating the mass, hot air drying (50°C), 
scraping out the powder and storing in air tight containers [10]. 

Development of the master formula for sustained release 
VABT tablets (SR-VABT tablets)

VABT sustained release (SR-VABT) tablets were prepared 
with VABT (500 mg) as the active ingredient and Hydroxyl Propyl 
Methyl Cellulose (HPMC) polymers of different grades K4M, 
K15M and K100M in different ratios (1:2:5; 1:1:2; 1:5:2 and 1:2:5) 
that acted as drug release-retarding polymers. Different excipients 
having their own distinctive role in developing the formulation was 
used. Microcrystalline cellulose was used as a disintegrant, talc and 
magnesium stearate as lubricant. The viscosity and concentration 
of the polymers affected the release rate and mechanism of VABT 
release. Five trial batch formulations (F1-F5) were developed. VABT 
sustained release tablets (here release of VABT will be in a sustained 
manner), have been prepared by a blend of three different types of 
HPMC polymer and the order of VABT release with respect to selected 
polymers was found as HPMC K4M>HPMC K15M>HPMC K100M. 
The fourth batch (F4) was the optimized SR-VABT formulation that 
was further used for post compressional quality control evaluations. 

Compatibility studies of the chosen excipients for SR-
VABT tablets with VABT by FTIR analysis

Compatibility studies amongst VABT and the polymers and 
excipients to be used in the formulations were studied by Fourier 
Transform Infrared Spectroscopy (FTIR) analysis. A FTIR spectrum 
of VABT and properly blended mixtures of VABT with the polymers 
used were recorded in FTIR spectrophotometer in the scanning 
range of 500 cm-1 to 4000 cm-1 with a resolution of 4 cm-1. The basic 
purpose was to observe any changes in the spectrum pattern of the 
VABT due to polymers and thus identify the chances of any chemical 
interactions.

Pre compressional micromeritic studies of the excipients 
with VABT 

VABT and polymer and excipient powder blends of different 
combinations for the purpose of tabletting were evaluated for flow 
properties by measuring Angle of Repose (fixed funnel method); 
Bulk Density (BD) and Tapped Bulk Density (TBD) by Cylinder 
method; Carr’s Compressibility Index using the equation: Carr’s 
Compressibility Index (%)=[(TBD-BD)/TBD] × 100; and Hausner’s 
ratio was determined by the equation: Hausner’s Ratio=TBD/LBD. 
Hausner’s ratio less than 1.25 indicates good flow while greater than 
1.5 indicates poor flow using standard procedures [11-14].

Development of sustained release VABT tablets (SR-VABT 
tablets)

VABT loaded SR tablets were prepared by wet granulation 
technique. The details of excipients and polymers used as well as their 
respective role of the excipients have been mentioned earlier. The 
release rate retardant polymer, HPMC was used in different viscosity 
grades (K4M, 4,000 cps; K15M, 15,000 cps; and 1,00,000 cps) and in 
different compositional ratios of (1:2:5; 1:1:2; 1:5:2 and 1:2:5). The 
granules for preparing the SR tablets were prepared using Poly Vinyl 
Pyrrolidone (PVP K30) dissolved in sufficient iso propyl alcohol. Next 
other excipients were mixed to make the dough mass that was passed 

through #20 standard sieves and dried at 60°C in hot air oven for 1 hr. 
The dried granules were passed through #22 sieves and lubricated with 
mixture of magnesium stearate and talc (previously sieved through 
sieve #80). The mixed granules were compressed in tablet press using 
suitable punches. Punch of 8 mm with corresponding dies were used 
for tablet compression the tablets employing Cadmach Press [15,16].

Quality control evaluation of the SR-VABT tablets
SR-VABT tablets thus prepared were evaluated for hardness using 

Monsanto hardness tester; friability was determined using Roche 
Friabilator; the thickness and diameter of the tablets were determined 
using Vernier calipers; weight variation test was carried out as per 
official methods with the specification limit that not more than two 
of the individual weight deviates from the average weight by 10% and 
none should deviate by more than twice that percentage [15-20].

In vitro VABT release studies from the SR formulations
VABT is a multi-component neurotherapeutics entity or an edible 

food mixture with several bioactives. Thus, it is necessary to select a 
marker compound, release of which will indicate the release of VABT. 
As per LC-MS results of VABT in our previous documented work 
[10], VABT contains compounds like procyanidins, gingerol, paradol, 
phlorozin etc. However, procyanidin, the polymerized polyphenols 
were considered as a marker compound. In vitro releases of VABT 
from the SR formulations have been studied in USP Type I tablet 
dissolution apparatus (LABINDIA DS 8000) at 37°C, 100 rpm, using 
phosphate buffer media. SR-VABT tablets are placed in the dissolution 
medium and the apparatus is set in operating conditions; 5 ml of 
samples were withdrawn at definitive time intervals and replaced 
with fresh dissolution media and analyzed for procyanidin content 
by UV analysis [21]. The concentrations of VABT in the samples were 
obtained from the regression equation of the calibration curve.

In order to understand the kinetics and mechanism of release of 
VABT from the formulations, the results of the in vitro release studies 
were fitted to various kinetic equations like zero order (cumulative 
percent drug release vs. time); first order (log cumulative percent 
drug retained vs. time); Higuchi (cumulative percent released vs. 
√time); Peppas (log of cumulative percent drug release vs. log time). 
The kinetic model that best fits the dissolution data were evaluated 
by comparing the regression coefficient values (r) obtained in various 
models. The N values (release exponent) in Peppas model were used 
to characterize different release mechanisms, where values of n=0.5 
indicates Fickian diffusion, values between 0.5 to 1.0 is for non-
Fickian diffusion and n=1 indicates zero order [15,16, 22-24].

Pharmacokinetic studies of SR-VABT tablets in animal 
model

Pharmacokinetics (PK) encompasses the movement of drugs 
into, through and out of the body. Pharmacokinetic studies not only 
refer to the total drug exposure but also the plasma concentration, 
concentration at the targeted sites, concentration and time course of 
the metabolites, relationship between dose and drug concentration 
as well as dosage regimen and time course of effect. A single 
pharmacokinetic profile can be summarized by Cmax, Tmax, T1/2 and 
AUC and having more than one profile at least 8 parameters along 
with the mean and standard deviation can well summarize the drug 
kinetics. Cmax refers to the maximum or peak serum concentration 
that a drug receives in a specified compartment or test area of the body 
after the drug has been administered and before the administration 
of a second dose. Tmax is described as the time at which the Cmax is 
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observed. The elimination rate constant, Ke was calculated from the 
slope of the linear line in the elimination phase [25-28]. The ‘best 
fit’ linear regression line for the points in the elimination phase was 
drawn by the method of least squares. The corresponding biological 
half-life was calculated using the equation, 

1
2

t =0.693 / Ke
   (1)

The absorption rate constant Ka is the percentage absorbed to 
various times were calculated from serum concentration data. The 
equation employed to determine the absorption rate from serum 
concentration data is

b
d el b

dCdA V K C
dt dt

= +
   (2)

where dA/dt is the absorption rate, Vd is the apparent volume of 
distribution, dCb/dt is the rate of change of blood concentration (Cb) 
at time t and Kel is the elimination rate constant.

The area under the time versus serum concentration curve (AUC) 
was measured by applying trapezoidal rule. AUC was calculated as 
given below.

0- 0-24 h 24 el(AUC) (AUC) C /K∞ = +   (3)

The tendency of drugs and metabolites to remain in the body 
can be assessed by measuring the Mean Residence Time (MRT). The 
MRT is considered as the statistical moment analogy to the half-life 
(t1/2). If one considers time course of drug concentration in plasma as 
statistical distribution curve, it is showed that

MRT=AUMC/AUC   (4)

Where the AUMC is the area under the “first movement curve” 
and is obtained from a plot of the product drug concentration in 
plasma and time versus time from zero to infinity

0

AUMC ( )ct t dt
∞

= ∫     (5)

AUC is the area under “zero” moment curve and is obtained by 
plotting the drug concentration in plasma versus time from zero to 
infinity.

      (6)

LC-MS analyses of VABT have shown the presence of several 
pharmacologically active molecules [10]. For pharmacokinetic 
studies of SR-VABT tablets, firstly due permission from institutional 
animal ethical committee was sought. Six male wistar rats were 
selected who received SR-VABT mini tablets designed particularly for 
the experimentation. The mini tablets were placed firmly on the flat 
end of the gavage needle and inserted directly into stomach by intra 
gastric gavage. After administration of the tablets, blood samples were 
withdrawn from the tail veins of each rat at 2 h, 4 h, 8 h, 10 h and 
12 h into heparinized tubes, subjected to immediate centrifugation 
at 5000 rpm for 15 min and the separated plasma stored at -20°C for 
future estimation of L-theanine (another marker compound of black 
tea present in VABT) whose HPLC analysis was carried out as per 
Pijl et al. [29]. Prior to HPLC analysis 200 µL of plasma samples were 
mixed with 1000 µL of acetonitrile, mixed well and the precipitated 
material was removed by centrifugation. The supernatant was 
collected and evaporated under nitrogen at room temperature. These 
dried extracts were re dissolved in 200 µL water. Isocratic elution was 

achieved in aqueous mobile phase containing 2% v/v acetonitrile, 
0.5% v/v formic acid and 0.00003% w/v of ammonia. From the plasma 
concentrations of L-theanine obtained at different time intervals, 
other pharmacokinetic parameters were estimated with the help of 
PK Solver 2.0.

Result and Discussions
The methodology followed and the master formula developed in 

five different trial batch formulations (F1-F5) was found to be suitable 
in developing the SR-VABT tablets. From the results of compatibility 
studies (Figure 1), precompressional micromeritic studies (Table 1) 
and post compressional quality control studies (Table 2) the successful 
development of SR-VABT tablets justifies the suitability of the master 
formula.

The individual FTIR spectrum of VABT, polymers and excipients 
(Figures 1 and 2) and the overlapped spectra of the VABT, excipients, 
polymers and mixture (VABT+excipients+polymers) have shown 
that VABT and the excipients and polymers are maintaining their 
respective chemical identity and no signs of chemical interactions 
were observed in spectra of mixture, rather has resemblance with the 
individual spectra of VABT and excipients.

The excipients and polymers chosen for SR-VABT formulation 
are found to be compatible with the nutrotherapeutic entity VABT 
as observed from the results of pre compressional or micromeritic 
studies Table 1. The experimental results (Table 1) have shown that 
VABT+excipient powder blend has well to excellent flow properties.

Thus, basing on the results of compatibility studies of the 
excipients and polymers with VABT (Figure 1), as well as the details 
of micromeritic studies (Table 1) the established master formula 
for the “SR-VABT tablets” is suitable to develop a successful tea 
diversification product. The results of quality control studies of the SR-
VABT tablets (Table 2) comply with the pharmacopeial specifications. 
VABT content is found to be high in formulation batches (F1, F4 
and F5), however the active content is highest in batch 4 (F4). Other 
parameters (hardness, friability) are also in compliance Table 2.

The details of the dissolution profile of the SR-VABT formulations 
(F1-F5) are provided in Table 3 and Figure 2. Formulation F5 showed 
98.68% release of VABT at 24 hrs; however, for formulation F4 99.55% 
release of VABT was observed at 1200 min or 20 hrs. The kinetic order 
plots fitted to different kinetic equations (Figures 3-5) for the release 
of active constituents from different formulations using polymers 
HPMC have shown that the formulations supported mostly zero 
order release kinetics though in some cases there is a predominance 

0

AUC ( )c t dt
∞

= ∫

Figure 1: Overlapped FTIR spectra of VABT, excipients, polymers and VABT-
excipient-polymer powder blend.
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of first order release kinetics also. The release of the active constituents 
of VABT from the SR tablets followed erosion mechanism of the 
polymers (fitting well to Higuchi model) and considering the flow 
pattern (Korsemeyer Peppas model) anomalous behavior to non-
Fickian diffusion was observed.

Basing on the detailed quality control study results and the details 
of dissolution profile, the fourth batch of formulation (F4) have been 
considered as the optimized batch and further pharmacokinetic 
studies have been done with F4 batch. Pharmacokinetic parameters 
Cmax, Tmax, AUC0-α are considered as the main variables whereas 
AUC0-t/0–α, t1/2 are regarded as secondary pharmacokinetic parameters. 
Low Tmax indicates faster absorption rate and high Tmax values slower 
absorption rate. Obviously from the ‘ready to take tea tablets’ the 
absorption rate is much faster than the sustained release layer; the 
delayed absorption in SR formulation is due to the release retardant 
effect of the polymers used. SR-VABT tablets have maintained the 
desired plasma concentration level as evident from the Cmax and AUC 
values Table 4. SR-VABT formulation showed longer half-lives with 
slower drug disposition and sustained release effect. Their longer 
MRT values also showed their prolonged retention in plasma Table 4.

Table 1: Pre-compressional evaluations of powder blend for sustained release tablets.
Formulation 

Code Formulation Loose Bulk Density (gm/
ml)*

Tapped Bulk Density (gm/
ml)* Hausner’s ratio * Carr’s index (%)* Angle of repose (θ°)*

F1 SR 0.650 ± 0.007 0.778 ± 0.007 1.197 ± 0.004 16.452 ± 0.007 23.33 ± 0.695
F2 SR 0.743 ± 0.005 0.862 ± 0.007 1.160 ± 0.008 13.805 ± 0.009 24.29 ± 0.088
F3 SR 0.650 ± 0.009 0.789 ± 0.009 1.214 ± 0.007 17.617 ± 0.006 24.15 ± 0.450
F4 SR 0.706 ± 0.005 0.809 ± 0.005 1.146 ± 0.006 12.732 ± 0.008 25.48 ± 0.630
F5 SR 0.685 ± 0.008 0.798 ± 0.008 1.165 ± 0.004 14.160 ± 0.009 25.26 ± 0.496

*All the values are expressed as mean ± SE, n=3.

Table 2: Post compressional evaluations of sustained release tablets.

Formulation 
Code Formulation

Dimension
Hardness (kg/cm2)** Friability (%)* Weight variation (%)* Drug content 

(%w/w)*
Diameter 

(mm)*
Thickness 

(mm)**
F1 SR 7.59 ± 0.007 4.50 ± 0.003 4.95 ± 0.35 0.25 ± 0.03 236.66 ± 0.87 101.89 ± 0.53
F2 SR 7.59 ± 0.005 4.61 ± 0.005 4.99 ± 0.25 0.38 ± 0.07 247.16 ± 0.48 98.67 ± 0.46
F3 SR 7.59 ± 0.003 4.55 ± 0.007 4.96 ± 0.44 0.29 ± 0.04 241.66 ± 0.75 99.49 ± 0.63
F4 SR 7.58 ± 0.004 4.60 ± 0.004 4.99 ± 0.25 0.35 ± 0.06 238.16 ± 0.38 102.87 ± 0.22
F5 SR 7.59 ± 0.002 4.58 ± 0.002 4.99 ± 0.14 0.31 ± 0.04 244.66 ± 0.91 101.89 ± 0.89

*All the values are expressed as mean ± SE, n=3.

Table 3: Dissolution profile of formulations using HPMC.
Time (min) F1 F2 F3 F4 F5

0 0 0 0 0 0
3 6.04 5.44 3.02 3.82 6.04
5 12.49 10.27 3.82 8.65 10.27
9 14.71 14.1 6.65 12.27 14.1

12 17.93 16.52 8.66 13.88 16.52
15 18.94 18.34 9.67 14.89 18.34
20 20.35 20.55 11.48 16.9 20.35
25 21.56 21.96 16.52 19.52 21.16
60 23.58 23.78 24.38 23.93 23.78

120 34.12 31.21 29.79 28.54 30.4
240 56.08 46.91 40.7 37.72 37.09
360 77.84 61.88 51.56 46.79 44.48
480 98.21 77.11 62.35 55.87 50.66
600 92.39 73.15 65.35 56.89
660 84.05 74.15 63.42
840 98.78 87.65 72.25
960 99.01 96.52 84.51

1080 98.04 89.54
1200 99.55 92.31
1440 98.68

Figure 2: Dissolution profile of formulations showing percent cumulative 
VABT bioactives release (y-axis) vs. time in minutes (x-axis) using HPMC 
polymer.

Figure 3: First order plots of VABT-SR formulations obtained by plotting log% 
of VABT bioactives release (y-axis) vs. time in minutes (x-axis) using HPMC.
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Table 4: Study of pharmacokinetic parameters of the tea diversification products.

Tea diversification 
product

Pharmacokinetic values
[AUC]0–t µg/

mL/h
[AUC]0–α µg/

mL/h Ka (1/hr) t1/2 h
Cl/F (mg/

µmL/h) Cmax µg/mL Tmax h
AUMC0–α (µg/mL/

h2) MRT0–α h

SR-VABT 63.5 ± 39.5 82.04 ± 58.5 0.318 2.6 ± 1.5 6.18 ± 0.022 8.3 ± 6.5 3.5 ± .84 576.9 ± 30.5 8.1 ± 1.2

Figure 4: Higuchi plots of SR formulations obtained by plotting percent 
cumulative release of VABT bioactives (x-axis) vs. square root of time in mins 
(y-axis) using HPMC.

Figure 5: Peppas plots of SR formulations obtained by plotting log% 
cumulative release of VABT bioactives (x-axis) vs. log time in minutes (y-axis) 
using HPMC.

Thus, the tea diversification products developed were found to be 
successful with the values of pharmacokinetic parameters maintained 
as the criteria of the type of formulation developed.

Conclusion
Just as tea is a worldwide popular beverage, development of tea 

diversification products has opened up new research vistas and tea 
diversification products have already gained a prominent place in the 
nutraceuticals market. The SR-VABT tablets developed is expected to 
be a successful black tea diversification product. However definitive 
pharmacological evaluation of the product is warranted in this regard.
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