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Abstract— Antibacterial and antioxidant polyphenols-

chitosan agents have been elaborated through the adsorption 

of green tea and black tea extracts into chitosan. Their 

incorporation leads to an enhancement of the inhibitory effect 

of the biopolymer against the gram-negative and gram-positive 

bacteria. Voltammetry at a rotating disk electrode reveals a 

difficulty of the reduction of oxygen in the presence these 

complexes. 
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I.   Introduct ion  

Polyphenolic compounds are well known for having 

antimicrobial activities toward a large number of pathogenic 

bacteria [1–4]. Tea extracts have been associated to the   

inhibition of various Gram–positive and Gram–negative bacteria 

including Salmonella typhimurium and Vibrio cholerae [3,5–

10]. This of green tea inhibits Staphylococcus aureus, Shigella 

disenteriae, Vibrio cholerae, Campylobacter jejuni and Listeria 

monocytogenes of the food [5]. The antimicrobial activities of 

some polyphenols extracted from the green tea, including the 

epigallocatechin and the epicatechin gallate, as well as a 

theaflavin mixture of black tea against Salmonella, Escherichia 

coli and some species of the genus Vibrio have been also 

revealed [9]. To explain this benefic effect, an inhibition of 

DNA and RNA synthesis [11], this of cytoplasmic membrane 

function [12] and an interfering with energy metabolisms, of 

bacterial cells by green tea polyphenols, have been proposed 

[13].  

 In view to contour the instability of these powerful 

antimicrobials polymers [14], a large number of works are 

focused on their extraction [15]. Entrapment of polyphenols by 

chitosan, which results from deacetylation of the crustaceans 

shell chitin, has been used to protect catechin from interactions 

with the food matrix and to produce drug delivery systems [16]. 

Besides, it has been reported that the incorporation of the green 

tea extract into the active film of chitosan [17], enhances its 

corresponding antibacterial properties.  The biological activity of 

this polysaccharide that consists of glucosamine and N–

acetylglucosamine copolymers is generally attributed to the 

interaction between its ammonium cation and the negatively 

charged macromolecules of microbial cell [18].  

Although there was some number of reports on the adsorption of 

tea polyphenols into polymeric materials [19–21], there appears 

that the study of the adsorption process of the tea polyphenols 

into chitosan, in points of view equilibrium isotherm, kinetic and 

physico-chemical characterization, has never been undertaken, 

whereas it could provide valuable information about the 

interaction between these two biopolymers.  Beyond these 

mechanistic questions, their adjunction should be important for 

the elaboration of new antibacterial agent.  

 

The objective of this work relates to the elaboration of new 

polyphenols/chitosan complexes by means of the adsorption of 

green tea (GT) and black tea (BT) polyphenols (Fig. 1a) into 

chitosan (CH, Fig. 1b). In a first part, we’ll report the 

investigation of this process, by using equilibrium isotherm and 

kinetic study. Then, we will focus on the characterization of the 

two obtained complexes.  From there, we’ll turn to their 

antibacterial activities against Staphylococcus aureus (S. 

aureus), Escherichia coli (E. coli), Pseudomonas aeruginosa (P. 

aeruginosa) and Salmonella typhimurium, (S. typhimurium). 
 

 
 Figure 1: Structures of GT and BT tea polyphenols (a) and 

chitosan (b). 
 
II. Material and Methodology 

GT and BT Lipton Tazza CTC leaf tea powder (Hindustan Lever 

Ltd, Bombay) were used. CH was prepared by purification and 

deacetylation of deep-pink shrimp shell chitin (Parapenaeus 

Longirostris) [22]. Its degree of deacetylation was about 82 % 
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[23]. Its average particle sizes were < 600 µm. Its BET surface 

area, determined by the nitrogen adsorption method was of 

6.5972 m² g
-1

. 

The infusions of tea (0.30–2.50 g in 100 cm
3
 of distilled water) 

were stabilized for 24 Hours at 25°C. Their pH was adjusted by 

H2SO4 and NaOH solutions and CH (0.02–0.30 g) was added. 

After an agitation for 8 Hours in a thermostatic rotary shaker (T 

= 30 °C, 150 rpm), 5 cm
3
 of the bath solution was extracted, at 

pre-determined time intervals. The analysis of the samples was 

performed by UV-visible, at a maximum absorption band of 270 

nm. Uptakes were determined as the difference between the 

initial tea concentration and the one of the supernatant.  

 

CH/GT and CH/BT were prepared at the optimum conditions, by 

mixing 0.1 g of chitosan with 100 cm
3
 of the tea extracts (2g dm

-

3
, pH 4).   

 

Antimicrobial susceptibilities of S. aureus and E. coli (JW 

1772), P. aeruginosa and S. typhimurium (ATCC14028) were 

performed using the Kirby-Bauer Disk diffusion method.  These 

pathogenic organisms are grown on Mueller-Hinton agar in the 

presence of CH, CH/GT and CH/BT (30 mg dm
-3

). 2.4 % (w/v) 

of these materials is dissolved in 1.0 % (v/v) acetic acid, before 

being added to Nutrient Broth (Boikar diagnostics). The 

obtained mixtures  were  autoclaved at 120 ºC for 15 min. 

Colonies of bacteria were inoculated  to 5 cm
3
 of nutrient broth 

until an optical density was adjusted to 0.5 OD unit at 570 nm (C 

UF = 10
6
 cm

-3
). After an incubation for 3 h at 37 °C, 0.1 cm

3 
of 

these suspensions   were spread over the agar surface. Excess 

slurry is removed and the box is placed in an oven for 20 min at 

37 °C. Sterile Whatman papers (N° 3), placed on the agar 

surface, are soaked with 0.03 cm
3
 of the solutions. 

Chloramphenicol (0.03 cm
3
) was used as a positive control. An 

acetic acid solution (1 %) was also tested.  The Petri dishes were 

placed at 4 °C for 2 hours, and then incubated at 37 °C for 24 h 

[24].  

 

UV-visible analyses were made on a Shimadzu UV–2101 PC 

spectrophotometer. FTIR characterizations were performed with 

a Brucker IFS 66 NS spectrometer. Samples of chitosan and its 

complexes were coated with a thin layer of gold and examined 

by a JEOL scanning electron microscopy (Model JSM –

6390LV). Their thermal stabilities (5 mg) were studied by 

Metler Toledo DSC–1 Star System, at a heating rate of 10 °C 

min
-1

. 

The electrochemical set-up was a Tacussel (PGP 201) 

potentiostat. A three-electrode cell consisting of a rotating 

platinum disc (φ = 2 mm), as the working electrode (EDI type 

radiometer) and a platinum wire as the counter electrode. The 

reference electrode was AgCl/Ag. 

 

III. Results and Discussion 

Adsorption process 

The equilibrium uptakes of tea extracts present optimum values 

for pH 4 [25,26], 0.1 g of CH [27] and tea extracts concentration 

of 2 g dm
-3 

(Fig. 2a-c).  

 

 
 

 

Figure.2:. Effects of the experimental conditions on the 

efficiency of GT and BT adsorption into CH at T= 30°C, (a) the 

pH of the tea extracts (C0 = 2 g dm
-3

, 0.1 g of chitosan), (b) the 

chitosan dose (pH=4, C0 = 2 g dm
-3

) and (c) the initial 

concentration of tea extracts (pH= 4, 0.1 g of CH). 

 

For the adsorption isotherms (Fig.3), the highest values of the 

correlation coefficient (R
2
), which measures the difference 

between the experimental and the theoretical data of the linear 

equations of Langmuir and Freundlich [28,29], are obtained for  

the later  model (Eq 1, Table 1). 

 

 
Figure. 3: Isotherm equilibrium of GT and BT adsorption into 

CH at T= 30°C (pH= 4, C0 = 2 g dm
-3

 and 0.1 g of CH). 

 

The linear expression of Freundlich equation is: 

)1(eFe Cln
n

1
Klnqln   

KF and n are the binding energy constant and the Freundlich 

exponent related to the adsorption intensity (dimensionless), 

respectively.  
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The obtained values of n > 1, give an indication of the 

favorability and the capacity of the adsorption [31].   

 

Table 1.  Langmuir and Freundlich isotherm constants of GT 

and BT polyphenols adsorption into CH. 

Langmuir isotherm constants 

 qm (g g-1) KL  (L g-1) R2 

GT 0.343 0.912 0.9067 

BT 0,663 1.094      0.9631        

Freundlich isotherm constants 

 n KF (L g-1) R2 

GT 1.867 0.404 0.9743 

BT 1.317  0.705 0.9803 

    

Among the pseudo–first order and pseudo–second order models 

[32,33], the kinetic of the adsorption fit well with the later one 

(Eq. 2, Table 2 ), which predicts chemical adsorption [34]. 

  

)2(t
q

1

K²q

1

q

t

eIe

  

 

In Equations (2), q (g g
-1

), qe (g g
-1

) and  KI (g  mg
-1

 min
-1

) are 

the amounts of the adsorbat, at the equilibrium and at each time 

contact (min) and the pseudo–second order kinetic rate constant, 

respectively.  

 

Table 2: The pseudo-second order rate constants of the 

adsorption processes of GT and BT polyphenols into CH. 

 

C0  
(g L-1) 

KI ×104  
(g mg-1 min) 

Qe  
 (g g-1) 

R2 

 
 

GT 
 

0.3 9.447 0,060 0,9981 

0.6 2.178 0,166 0,9981 

1 2.207 0,223 0,9986 

     1.5 1.468 0,275 0,9984 

2 1.21 0,341 0,9984 

 
BT 

 

0.3 7.61 0,066 0,9961 

0.6 48.586 0,168 0,9974 

1 28.233 0,250 0,9992 

1.5 4.662 0,362 0,9997 

2 1.249 0,513 0,9993 

 

Noticeable modifications of the characteristics of chitosan, in the 

two elaborated complexes at the optimum conditions, have been 

highlighted by DSC, FTIR, SEM and 
1
H NMR (Fig.4).  

 

 

 
Figure 4: (a) DSC thermograms, (b) FTIR spectra, (c) scanning 

electron micrographs and (d) 
1
HNMR spectra of CH and its 

complexes (CH /GT and CH /BT). 
 

A remarkable characteristic in the thermograms of CH/GT and 

CH/BT is the appearances of two exothermic processes follow 

one after another steps with a small time lag in the same 

temperature range as those of tea, while the exothermic step of 

degradation of chitosan is not clearly evidenced [35,36]. The 

overlapped events may be attributed to decompositions of the 

newly complexes.  

 SEM characterization shows a densely and homogeneously 

adhesion of tea polyphenols on CH. 

In FTIR spectra, an important decreasing of the band between 

3500 and 3000 cm
-1

 (vibration of free OH, asymmetric and 

symmetric stretching of the NH bonds is observed. In addition, 

the strong band at 1530 cm
-1 

(OH in-plane bending) disappears 

completely. Finally, new peaks are observed at 1700 cm
-1

 (CO 

stretching) and 1640 cm
-1

 (CC stretching). These funding are in 

good agreement with the formation of new functional groups 

[37].   

1H NMR spectra indicate changing of the characteristic peaks of 

CH [38,39], in addition to the appearance of new signals.  

 

At 25 °C, desorption curves show two periods (Fig. 5), which 

are insensible to pH. Between 0 and 20 min, rapid deliverance of 
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GT and BT polyphenols reach only 6.5 and 8 % of the 

incorporated ones, respectively. After 20 min, the releases 

become independent to time.  

 
Figure 5: Desorption curves of (a) GT and (b) BT at T = 30°C 

and pH = 4.00, from complexes of CH /GT and CH /BT, 

respectively. 

 

Antibacterial effect 

Excepting of S. typhimurium, the antibacterial activity of 

chitosan is enhanced by the adjunction of the tea polyphenols 

(Table 3).  

 

Table.3. Diameters of inhibitory zone of CH, CH/BT, CH/GT 

against S. aureus, E. coli, P. aeruginosa and S. typhimurium 
Inhibition zone diameter (mm) 

Microorganims CH CH/BT CH/GT 
Positive 
control 

Negative 
control 

S.aureus 11±0.199 13±0.156 15±0.125 34 
- 
 

E.Coli 10±0.156 11±0.241 13±0.177 28 
- 
 

P.aeruginosa 9±0.123 11±0 .125 12±0.222 30 
- 
 

S.typhimurium - - - 10 
- 
 

 

Besides, CH/GT is the most effective material against E. coli, P. 

aeruginosa and  S. aureus ( Fig.6), with inhibition zone of 13, 

12, 15 mm,  respectively.  The later bacterium presents the 

highest sensitivity to all antimicrobial disks. The greatest 

inhibition is observed against the gram–positive bacterium [40-

42].  

 

 
Figure.6: The diameter of the inhibition zone against S. aureus. 

 

Antioxidant effect  

In the presence of the two complexes (Fig. 7), a decreasing of 

the cathodic reduction of oxygen, which arises at more cathodic 

potential, is observed. These funding indicate a diminution of the 

concentration of the dissolved oxygen as well as a biggest 

difficulty of its reduction. Here again a greater antioxidant effect 

occurs with the first complex. 

 

 

 

 

 
 

 

Figure 7: Voltammograms of O2 in the absence and the presence 

of the complexes, at Platinum Rotating disk ( = 2 mm,  = 

1000 rev min
-1

), in acetate buffer solution  (pH = 4.00). 

 

 

IV. CONCLUSION 

The incorporation of the polyphenols in GT, as well as those of 

BT within the CH, through this adsorption process, can be used 

to modify the properties of chitosan and strengthen its inhibitory 

as well as its antioxidant action. These newly elaborated 

assemblies could be regarded as quite interesting biomaterials 

for human and animal health.  

. 
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