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Abstract- Two composites from plant extracts were proposed as novel bioactive food additives. One composite consisted of 
green tea extract and red wine lees, another composite included lemon peels extract in addition. The composites inhibited the 
growth of gram positive bacteria Staphylococcus aureus and Rhodococcus sp, gram negative bacteria Esherichia coli and 
Pseudomonas aeroginasa, pathogenic fungi Rhizoctonia sp. and  Streptomyces glaucus 71MD. Antioxidant potentials of the 
first and second composites were 2.3 and 1.8 [Fe2+] mM respectively, which is approximately 4 times less than antioxidant 
potential of an ascorbic acid. 
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I. INTRODUCTION 
 
Food additives are natural or synthetic substances, 
which are added to foods to serve particular purposes. 
Basically, they may be divided in the following 
categories: 1. Preservatives 2. Antioxidants 3. 
Emulsifiers 4. Colours 5. Sweeteners 6. 
Miscellaneous additives. In each category only 
substances known as permitted additives may be used 
in food (Fox and Cameron, 1995, Belitz and Grosch, 
1999) 
Natural, bioactive chemical compounds that are 
characterized by health-promoting, disease-
preventing or medicinal properties are defined as 
nutraceuticals. Great attention has been given to 
nutraceuticals with established antioxidant activities 
and less toxicity in normal cells, such as polyphenols 
(Feng et al., 2007). Green tea is very rich in 
polyphenols that are effective antioxidants (Leung et 
al, 2001).     
 
Other particular rich sources of the polyphenols are 
grapes (Kader and Barret, 2005) methodologies such 
as composting, aerobic and anaerobic digestion, 
thermophilic anaerobic digestion, electrodialysis, 
pyrolysis, ozonation and wet oxidation among others 
were launched in an effort to solve effectively the 
wine waste management (Ioanis et al, 2006).  
There are also many patents for helpful products 
containing polyphenols derived from citruses: for 
instance, a nutritional supplement that contains 
hesperidin and vitamin C can enhance one’s immune 
system to prevent infection; (Braddock, 1999) 
The objective of this work was to create novel 
compositions of plant extracts from  commercial 
sources of plants raw material and to test their 
antioxidant and antimicrobial activities.  

 
II. MATERIAL AND METHODS 
  
Plant materials:  green tea extract made from leaves 
of Camellia sinensis L. was obtained from the local 
plant extracts producing JS company “Kolkheti 93”, 
red wine lees produced from Georgian variety of Vitis 
vinifera “Saperavi” was obtained from the local wine 
producing company “Tbilgvino Ltd”,  lemons of 
Georgian variety of “Kartuli”, were commercially 
available at local market. All plant materials were 
analysed directly or stored at 40C for few days.  
 
Preparation of composites.  
Composite from green tea extract and red wine 
lees. The composite was prepared by mixing liquid 
red wine lees and dry powder of green tea (instant 
tea) with the subsequent spray-drying up to the 
powder form. Wine lees was preliminarily left over 
night in cylindrical glass vessel at the 4 0C 
temperature in order to separate insoluble sediment. 
After sedimentation the clear supernatant was 
pumped over by decantation and filtered through a 
dense filter under vacuum. The filtered wine lees was 
heated up to 60 0C and green tea dry extract was 
added gradually by small portions and with constant 
stirring. The ratio of dry substances of wine lees and 
green tea extract was 1:2 respectively. The obtained 
solution was spray-dried up to powder form. 
Composite from green tea extract, red wine lees 
and lemon peels. The filtered supernatant of the red 
wine lees was poured into vessel with pressed peels 
of lemon (ratio was 6:1 m/m), the mixture was heated 
up to 80 0C, kept for 15 min and then filtered through 
a dense filter under vacuum. The filtered extract was 
added by green tea extract (1:2 respectively, based on 
dry matter), and spray-dried up to powder form.  
 
The Ferric Reducing Ability of Plasma (FRAP) 
assay was used to measure the concentration of 
total anioxidants (Benzie and Strain, 1996). 
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Spectrophotometer M501 (Camspec Ltd, UK) was 
used for measurements of absorption changes that 
appear when the TPTZ-Fe3+ complex reduces to the 
TPTZ-Fe2+ form in the presence of antioxidants. 
An improved colorimetric assay using Folin-
Ciocalteu reagent was applied to determine the total 
polyphenol content in plant materials (Bond et al., 
2003) 
 
Pectin substances were quantitatively analysed by 
colorimetric method according to Taylor, K. A. and J. 
G. Buchanan-Smith (1992). The method  is based on 
the reaction of galacturonic acid with sulfamic 
acid/potassium sulfamate solution,  sodium 
tetraborate in sulfuric acid solution and  m-
hydroxydiphenyl. Color reaction is developed with 
maximum absormance on 525 nm.                             
Colour intensity is proportional to the galacturonic 
acid concentration in the reaction mixture. A linear 
calibration graph was derived from the galacturonic 
acid standard solutions, by plotting standard optical 
densities at 525 nm (with reagent blank subtracted) 
against concentration.   Galacturonic acid standard 
concentrations were between 10-100 µg/ml. 
 
Amino acids were determined by method based on 
colour reaction of free amino acids with nynhydrin 
reagent (Burkina et al., 2000)  
 
Mineralization of samples was done at 525 0 C in a 
combustion oven.  
 
Macro assay for reducing sugars. 
The standard reducing-sugar assay was that of Nelson 
and Somogyi (Somogyi 1952, Nelson 1944). 
 
Antimicrobial tests.  
Agar well diffusion method was used to investigate 
antimicrobial properties of plant extracts The strains 
of test microorganisms were inoculated in Petri 
dishes containing agar media considered to be 
favorable for the growth of the microorganisms.  10% 
concentration solutions of the plant extracts were 
prepared in sterile water. 50 µl aliquots of the 
solutions were placed into agar wells (12 mm, 
diameter). The plates were incubated at 37 0C for 24 
h. Antimicrobial potential of the plant extracts was 
estimated by the diameter (mm) of the inhibition zone 
around the wells. All the plates were replicated twice 
and the results were averaged. 
 
Statistical analysis  
Presented data are the mean of three or two replicates 
 standard deviation. Data were subjected to one way 
analysis of variance and/or t-test. When necessary, 
the “least squares” method was used to calculate a 
straight line that best fitted experimental data, and 
returned an array that described the line. All 
calculations were performed with Microsoft Excel 

(Version 4, statistical functions, Microsoft Corp., 
Redmond, WA, USA).   
 
III. RESULTS AND DISCUSSION 
 
Chemical composition of these two composites was 
investigated (Table 1). Both composites consisted of 
plenty amount of polyphenols (17-21%),  soluble 
pectin (11-30 %), amino acids (7-15 %),  organic 
acids (5-14 %), sugars (22-30 %) and minerals (8-
9%). Accordingly, the plant composites might have 
wide spectrum of high bioactivity.   
 
Table 1. Proximate chemical composition of plant 

extract composites (% dry matter)* 

 
*-Presented data are the mean of three replicates  
standard deviation 
 
Antioxidant assay 
Antioxidant potential of the composites was 
compared with that of vitamin C and (-) epicatechin. 
Composite of green tea extract and red wine lees 
showed maximum antioxidant potential, assumingly 
due to synergetic effect (Table 2).  

 
Table 8.  Antioxidant potential of plant products, 

[Fe2+] mM * 

 
*- Presented data are the mean of three replicates  
standard deviation.  
a - Differences between data within column without 
the same superscript are significantly different at α = 
0.05 level. 
Figures are calculated based on 1 g/l concentration of 
the extracts 
Both composites showed approximately 4 times less 
activity than ascorbic acid, though the composite 
from green tea extract and red wine lees showed by 
30% more antioxidant potential than another 
composite. Antioxidant potential of 80% green tea 
catechins was three times as much as that of ascorbic 
acid. (-) Epicatechin showed by 50% more 
antioxidant potential than vitamin C. Differences 
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between antioxidant potentials of 23% green tea 
polyphenols, composite of green tea extract and red 
wine lees, and composite of green tea and lemon 
peels extract and red wine lees was not statistically 
significant at the 5% probability level.  
 
IV. ANTIMICROBIAL ASSAY 
 
As shown in the Table 6, the composites, in a given 
concentration, were active against gram positive and 
negative bacteria, and against pathogenic fungi 
Rhizoctonia sp., Streptomyces glaucus 71 MD, but 
did not show any activity against yeasts and 
pathogenic fungus Fusarium solani. Composites 
expressed the highest activities against gram positive 
bacteria Staphylococcus aureus, Rhodococcus sp and 
pathogenic fungi Streptomyces glaucus 71MD.  

 
Table 3. Antimicrobial activities of the 

composites* 

 
*- Presented data are the mean of two replicates  
standard deviation. Differences between data within 
the same column are statistically significant at α = 
0.05 level.    
a, b, c  - Means, within a row, with the same 
superscripts are not significantly different at α = 0.05 
level   
 
The growth inhibition zones were about 16-18, 24 
and 20-22 mm respectively. The differences between 
antimicrobial activities of the composites against 
these three species of microorganisms were not 
statistically significant (α = 0.05 level). Statistically 
significant differences were observed between 
activities of the composites against gram negative 
bacteria and pathogenic fungi.  Inhibition zones of the 
growth of gram negative bacteria Esherichia coli was 
6.1 mm for the composite of green tea and lemon 
peels extracts and red wine lees and 18.1mm – for the 

composite of green tea extract and red wine lees. The 
last composite showed less activity against the next 
gram negative bacteria - Pseudomonas aeroginasa 
(6.1 mm) in comparison with the former composite 
(10.2 mm). Rhizoctonia sp’s growth inhibition zone 
was 8.5 and 14.7 mm for the former and last 
composites respectively.  
 
CONCLUSIONS 
 
Green tea, red wine lees and citrus peels were found 
to be the richest and commercially reasonable sources 
of polyphenols. Based on this finding novel food 
composites were produced from green tea extract, red 
wine lees and lemon peels. The obtained composites 
were rich in polyphenols, pectin, amino acids and 
other bioactive compounds. The composites showed 
high antioxidant and good or moderate antimicrobial 
activities against some microorganisms and may be 
recommended as bioactive composites for food and 
pharmaceutical industries.  
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