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This study was aimed at evaluating antibacterial and antioxidant activity of tannins extracted by several 
solvents from agricultural by-products, including green tea waste and acorn, chestnut, and persimmon 
hulls. Tannin content was the highest in acetone extracts from all types of hulls, but not green tea waste 
(p<0.05). Tannin extracts from green tea waste had higher antibacterial activity than those from acorn, 
chestnut, and persimmon hulls extracted with distilled water, ethanol, or acetone. With ethanol 
extraction, 1,1-diphenyl-2-picrylhydrazyl (DPPH) scavenging activity of green tea tannin extracts was 
significantly higher than that of tannins extracted from acorn, chestnut, and persimmon hulls (p<0.05). 
In particular, tannins extracted from green tea waste had a greater IC50 value for DPPH scavenging 
activity than did vitamin C. Antioxidant activity was also significantly higher in ethanol extracts from 
green tea waste than in distilled water and acetone extracts (p<0.05). Therefore, tannins extracted from 
green tea waste could be a natural source for substitutes to present antioxidants as well as antibiotics. 
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INTRODUCTION 
 
Animal products contribute significantly to the human 
protein and energy needs. As people increase their 
standard of living, the per capita consumption of animal 
products also increases (Taylor and Field, 2001). 
Therefore, the vegetarian food consumption pattern of the 
past has changed to a pattern of higher consumption of 
animal products in the present, and consumers have 
become more deeply concerned about the quality, safety, 
variety, and functionality of food than its quantity (Worsley, 
2000). Due to their high interest in food sources, 
consumers want high quality brand meats raised in an 
eco-friendly manner. They are also worried about using 
antibiotics and animal growth promoters (AGPs), which 
have been used to improve animal productivity in the past.  
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Use of AGPs tends to be restricted in developed 
Countries, especially in the EU. Denmark and Sweden in 
EU first began regulating AGP applications in animal 
production in early 2000, and Korea is also scheduled to 
legally restrict use of all antibiotics to produce 
concentrated feed in 2012. Because problems including 
reduced daily gain and feed efficiency, increased death 
rate, and reduced productivity by restriction of antibiotics 
(Inborr, 2000) are expected, alternative options for 
diversified eco-friendly and efficient choices are needed. 
Nature has been a source of medicinal agents for 
millennia, and an impressive number of modern drugs 
have been isolated from natural sources. Plant-based, 
traditional medicine continues to play an essential role in 
the health care of human and animals (Doughari et al., 
2009).  

Plant compounds have potentially significant 
therapeutic applications against human and animal 
pathogens, including bacteria, fungi, and viruses  (Perez,  



 
 
 
 
2003), and plant secondary compounds, particularly 
tannins and other polyphenols, have attracted attention. 
Tannins are polyphenolic compounds found in most 
plants and are generally thought to function as chemical 
defenses against pathogens and herbivory (Gedir et al., 
2005). Two major tannin structural classes exist, 
hydrolysable tannins and condensed tannins, with the 
latter being more widely distributed in nature. Although 
attention has been primarily directed at understanding 
tolerance to tannins, recent work points to a number of 
beneficial effects of tannins at moderate concentrations 
(Barry and McNabb, 1999; Hoskin et al., 1999; Kaitho et 
al., 1998), including being a natural detergent to reduce 
bloat (Tanner et al., 1995), and a suitable substitute for 
synthetic anthelmintics (Niezen et al., 1995; Robertson et 
al., 1995) and having antimicrobial activity (Doughari et 
al., 2008) and antioxidant activity (Zargham and Zargham, 
2008). An enormous amount of agricultural wastes 
derived from tannin-containing plants is produced every 
year in Korea, and some of these wastes may have 
medicinal value. 

Therefore, this study was aimed at evaluating 
antibacterial and antioxidant activities of tannins extracted 
with several solvents from agricultural by-products, 
including green tea waste and acorn, chestnut, and 
persimmon hulls. 
 
 
MATERIALS AND METHODS 

 
Preparation of agricultural by-products 
 
A sample was collected from wastes produced from green tea 
processing, and acorn, chestnut, and persimmon hulls were 

collected from factories processing acorn starch, chestnut, and 
cured persimmon, respectively. Collected samples were dried for 2 
weeks at room temperature, ground with a Cyclotec mill (Foss 
Tecator, Sweden) and used for extraction of tannin. 
 
 
Tannin extraction 

 
For ethanol and aqueous extractions, 100 g ground samples of 

green tea waste or hulls were added to 1 L of ethanol or distilled 

water and boiled for 1 h in 90C water bath. Boiled samples were 
mixed with ethanol or distilled water and filtered through filter paper 

(No. 1), decompressively concentrated by evaporator at 60–65C 

for ethanol or 85–90C for distilled water, and then freeze-dried. As 
for the acetone extraction, 100 g ground samples of waste or hulls 
were added to 1 L of acetone, boiled for 24 h, and centrifuged at 
1690 × g for 30 min. This process was repeated four times, and 

supernatants were gathered, evaporated, and freeze-dried (Ahn et 
al., 2002). 
 
 
Determination of tannin concentration 

 
The tannin content was determined according to a previous 
procedure (Lowenthal, 1877) with a slight modification. A potassium 
permanganate solution was made up as required by dissolving 0.79 
g of analytical grade potassium permanganate in 1 L of water to 
yard a 0.005 M solution. Indigo carmine indicator was prepared as 
a 0.1% working solution by dissolving 1 g of indigo carmine in 1 L of  
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water to which 50 ml of concentrated sulphuric acid had been 
added. The samples (2–5 g) were mixed with 400 ml of distilled 
water and the mixtures were boiled for 30 min. The supernatant 
was then analyzed by adding 10 μl of the sample and 20 ml of 
indigo carmine to a 1 L flask and then adding 750 ml water. This 
was titrated against the permanganate solution until the royal blue 
faded to a light green.  

Further titration was drop wise until the lime green changed to 
yellow. Record this value as X ml. Additionally 50 ml of a 1% gelatin 
solution, 100 ml of a 10% saturated salt solution, and 10 g of 
kaotine were added to 100 ml mixtures of the sample and distilled 
water. The resulting solutions were boiled for 30 min and then the 
supernatant from the tannin extraction using 20 ml of indigo 

carmine alone in 750 ml water was used in a blank titration. The 
blank value should be 10 μl and should be recorded as Y ml. 
 
Total tannin content (%) = (X – Y)/10 expressed as ‘tannic acid’ 
equivalents 
 
Where X (ml) is Volume used, Y (ml) is Blank titration value. 
 
 
Antimicrobial activity test 
 

Six pathogenic bacteria, including Listeria monocytogenes (ATCC 
19111), Bacillus coagulans (ATCC 51232), Escherichia coli (ATCC 
10536), Shigella flexneri (ATCC 9199), Methicillin-Resistant 
Staphylococcus Aureus (MRSA, ATCC 25923), and Vancomycin-

Resistant S Aureus (VRSA, ATCC 29213), were used as test 
organisms. These test organisms were grown on tryptic soy agar 

plates at 37C. Whatman filter paper discs (8 mm diameter) were 

impregnated with 20 ml of extracts at various concentrations (0.125, 
0.25, 0.5, 1.0 mg/ml) and placed on the surface of agar plates 
seeded with bacteria (20 μl/ml). The plates were incubated for 24 h 

at 37C to obtain maximum growth in the culture media. For each 
extract, the diameter of the inhibition zone of growth minus the 
diameter of the disc was measured to estimate the degree of 
antibacterial activity. Antibiotic discs of ampicillin (30 μg) for E. coli 
and S. flexneri, and gentamicin (30 μg) for L. monocytogenes, B. 
coagulans, MRSA, and VRSA were used as positive controls, 
respectively. Analyses were performed a total of three times per 
strain. 
 
 
DPPH radical scavenging activity 

 
1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity 
was measured by using the method described by Nanjo et al. 

(1996). Briefly, 60 μl of each extract at each concentration was 
added to 60 μl of DPPH (60 μM) in a methanol solution. After the 
solution was mixed vigorously for 10 sec, it was transferred into a 
100 μl Teflon capillary tube, and the scavenging activity with regard 
to DPPH radicals was measured with an ESR spectrometer (JEOL 
Ltd., Tokyo, Japan). A spin adduct was measured on an ESR 
spectrometer exactly 2 min later. Experimental conditions were as 
follows: central field, 3475 G; modulation frequency, 100 kHz; 

modulation amplitude, 2 G; microwave power, 5 mW; gain, 6.3 × 
10

5
; and temperature, 298 K. 

 
 
Statistical analysis 
 
All data are presented as means ± standard deviation, and 
statistical analyses were performed using Statistical Analysis 
System version 8.0 (SAS Institute, Cary, NC, USA). The differences 

between means were assessed by the Duncan’s multiple range 
tests and results with values of p<0.05 were considered statistical 
significant. 
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Table 1. Tannin concentration (%) of agricultural by-products. 
 

Item Distilled water extracts Ethanol extracts Acetone extracts 

Green tea waste 3.34 ± 0.78
bC

 11.90 ± 2.07
aA

 5.27 ± 0.26
bB

 

Acorn hull 0.60 ± 0.13
bD

 0.45 ± 0.00
bC

 1.28 ± 0.18
aC

 

Chestnut hull 8.92 ± 1.53
cB

 13.35 ± 0.82
bA

 26.03 ± 1.58
aA

 

Persimmon hull 13.60 ± 0.50
bA

 5.84 ± 0.57
cB

 24.47 ± 1.11
aA

 
 
a, b, c

Means with different superscript in the treatment rows are significantly different (p<0.05). 
A, B, C, D 

Means with different superscript in the treatment columns are significantly different (p<0.05). 

 
 
 
RESULTS 
 
Tannin concentrations of several agricultural by-
products 
 
Total tannin concentrations in the distilled water, ethanol 
and acetone extracts of green tea waste and acorn, 
chestnut, and persimmon hulls are shown in Table 1. 
Tannin concentrations were highest when by-products 
except for green tea waste, were extracted by acetone 
(p<0.05). For green tea waste, the tannin concentration 
was the highest in ethanol extracts. Especially tannin 
concentrations of ethanol and acetone extract in chestnut 
hull were the highest compared to that of green tea waste, 
acorn hull and persimmon hull (p<0.05). However, among 
distilled water extracts, the tannin concentration was 
significantly higher (p<0.05) from persimmon hull than 
from green tea waste, acorn hull, or chestnut hull. 
 
 
Antibacterial activity of tannins extracted from 
agricultural by-products with several solvents 
 
Antibacterial activities of tannins extracted by distilled 
water from agricultural by-products are shown in Table 2. 
The tannin extract of distilled water from green tea waste 
exhibited strong antibacterial activity with almost all the 
strains tested. The maximum inhibition zone (2.25 mm) 
was observed with B. coagulans in the distilled water 
extract of green tea waste, and the minimum inhibition 
zone (0.5 mm) occurred with E. coli. The distilled water 
extract of acorn hull exhibited strong antibacterial activity 
against VRSA (inhibition zone, 2.0 mm) and B. coagulans 
(inhibition zone, 1.75 mm). The tannin extract of distilled 
water from chestnut hull exhibited maximum antibacterial 
activity against S. flexneri, followed by B. coagulans. On 
the other hand, the tannin extract of distilled water from 
persimmon hull showed antibacterial activity against only 
S. flexneri and B. coagulans. 

Antibacterial activities of tannins extracted by ethanol 
from agricultural by-products are shown in Table 3. With 
the ethanol extract of green tea waste, the maximum 
inhibitory zone (6.0 mm) was observed against MRSA 
(6.0 mm) and the minimum inhibition zone occurred with 
L. monocytogenes (1.75 mm). The ethanol extracts from 

acorn hull and chestnut hull also showed a range of 
bacterial inhibition that varied from 2 to 7 mm above an 
average of 2 mm against VRSA, MRSA and S. flexneri. 
However, the ethanol extract of persimmon hull exhibited 
low inhibitory activity against E. coli (0.25 mm) only, and 
whereas no activity was observed with the remaining five 
strains. Table 4 shows the antibacterial activities of 
tannins extracted by acetone from agricultural by-
products. In the present study, the acetone extract of 
green tea waste exhibited the maximum inhibitory zone 
(3.75 mm) against MRSA, followed by VRSA, S. flexneri, 
B. coagulans, and E. coli, and the minimum was 
observed with L. monocytogens, with an average 
inhibitory zone of 1.75 mm. The acetone extract of acorn 
hull exhibited a maximum antibacterial activity against 
MRSA, followed by S. flexneri, VRSA, E. coli, and L. 
monocytogenes, with minimum activity against B. 
coagulans. The acetone extract from chestnut hull 
exhibited antibacterial activity against almost all the 
strains tested, although the activity was lower than that of 
the extracts from green tea waste and acorn hull. The 
acetone extract of persimmon hull exhibited low inhibitory 
activity against MRSA and E. coli, and no activity was 
observed in the remaining four strains. 
 
 
Free radical scavenging activity of tannins extracted 
by several solvents from agricultural by-products 
 
The antioxidant activity of tannins extracted from 
agricultural by-products was investigated by measuring 
DPPH radical scavenging with an ESR spectrometer. 
DPPH is a stable radical that is used to screen the free 
radical-scavenging ability of compounds or the antioxi-
dant activity of plant extracts. The effects of tannin extrac-
ted from agricultural by-products, including green tea, 
waste and acorn, chestnut and persimmon hulls on 
DPPH radical scavenging activity is shown in Table 5, the 
lower the concentration inhibiting 50% of the free radical 
generation (IC50), the greater the antioxidant activity. 
DPPH radical scavenging activities at the IC50 of distilled 
water extracts from green tea waste and acorn hull had 
significantly higher activity than those of extracts from 
chestnut and persimmon hulls (p<0.05). On the other 
hand, ethanol and acetone extracts from green tea  waste
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Table 2. The antibacterial activity of tannins extracted by distilled water from agricultural by-products. 
 

Variable mg/disc VRSA
1
 MRSA

2
 B. coagulans L. monocytogenes E. coli S. flexneri 

Green tea by-product 2 + - ++ + - + 

3 ++ + ++ + - + 

4 ++ + ++ ++ + ++ 

5 ++ ++ +++ ++ + ++ 

antibiotic
3
 +++ +++ ++++ ++ +++ ++++ 

        
Acorn hull 2 ++ - + + - - 

3 ++ + ++ + - + 

4 ++ + ++ + - + 

5 ++ + ++ + - + 

antibiotic +++ +++ ++++ ++ +++ ++++ 

        
Chestnut hull 2 - - + - - ++ 

3 - - + - - ++ 

4 - - + + - ++ 

5 + + + + - ++ 

antibiotic +++ +++ ++++ ++ +++ ++++ 

        
Persimmon hull 2 - - - - - + 

3 - - - - - + 

4 - - + - - + 

5 - - + - - ++ 

antibiotic +++ +++ ++++ ++ +++ ++++ 
 

Inhibitory zone diameter: >8.0 mm, ++++; 5.0–7.0 mm, +++; 2.0–4.5 mm, ++; 0.2–1.5 mm, +; and <0.1 mm, −; 
1
VRSA: Vancomycin-

Resistant Staphylococcus aureus; 
2
MRAS: Methicillin-Resistant S. aureus; 

3
Antibiotic discs of ampicillin for E. coli and S. flexneri, and 

gentamicin for L. monocytogenes, B. coagulans, methicillin-resistant S. aureus and vancomycin-resistant S. aureus were used as positive 

controls, respectively. 

 
 
 
exhibited stronger DPPH radical scavenging activity than 
extracts from the others by-product (p<0.05). In particular, 
the IC50 value for DPPH scavenging activity of the 
ethanol extract from green tea waste was greater than 
that of vitamin C (green tea waste at 0.0022 mg/ml vs. 
vitamin C at 0.0031 mg/ml) (data not shown). The 
antioxidant activity of green tea waste was also higher in 
ethanol extracts than in distilled water and acetone 
extracts (p<0.05). 
 
 
DISCUSSION 
 
Many previous studies have reported that polyphenols of 
various plants and herbs are beneficial to animal and 
human health. Some bioactive substances in polyphenol-
rich plants, such as green tea, berries, canola, and 
rapeseed, have been made into functional foods or 
supplements (Amarowicz et al., 2000; Puupponen-Pimiä 
et al., 2005; Taguri et al., 2004). Tannins are complex 
polyphenolic compounds widely found in higher plants. 
There are two chemically different types of tannins: 

hydrolysable and condensed tannins (Haslam, 1979). 
Similar to many polyphenols, tannin has been shown to 
possess antioxidant (Amarowicz et al., 2000; Tebib et al., 
1997) and antibacterial activities (Akiyama et al., 2001; 
Funatogawa et al., 2004; Taguri et al., 2004). However, 
high concentrations of tannin may decrease the nutrient 
value of food and feed products (Deshpande et al., 1986). 
Our present study was conducted to evaluate 
antibacterial and antioxidant activities of tannins extracted 
from agricultural by-products, including green tea waste 
and acorn, chestnut, and persimmon hulls, which are 
largely produced in agricultural field of Korea. It has been 
reported that tannins are commonly extracted from plants 
by different solvents such as boiling aqueous methanol, 
acetone, or acidic methanol (Hagerman, 1988). In the 
present study, we extracted tannin from green tea waste 
and acorn, chestnut, and persimmon hulls with distilled 
water, ethanol, and acetone. Tannin concentration in the 
extracts was the highest when extracted by acetone, 
except for the green tea waste. Similar to our results, 
findings by Majorie (1999) showed that some solvents, 
especially acetone, are selective for tannins. On the other
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Table 3. The antibacterial activity of tannins extracted by ethanol from agricultural by-products. 
 

 mg/disc VRSA
1
 MRSA

2
 B. coagulans L.  monocytogenes E. coli S. flexneri 

Green tea by-product 2 ++ ++++ ++ + ++ ++ 
3 ++ ++++ ++ ++ ++ ++ 
4 +++ ++++ +++ ++ ++ +++ 
5 +++ ++++ +++ ++ ++ +++ 

antibiotic
3
 +++ ++ ++++ ++ ++++ ++++ 

        
Acorn hull 2 ++ ++ - + + ++ 

3 ++ ++ - + + ++ 
4 ++ ++ - + + ++ 
5 ++ ++ + ++ + +++ 

antibiotic +++ ++ ++++ ++ ++++ ++++ 

        
Chestnut hull 2 + ++ - + - ++ 

3 + ++ - ++ - ++ 
4 ++ ++ + ++ - ++ 
5 ++ +++ + ++ + ++ 

antibiotic +++ ++ ++++ ++ ++++ ++++ 

        
Persimmon hull 2 - - - - - - 

3 - - - - - - 
4 - - - - - - 
5 - - - - + - 

antibiotic +++ ++ ++++ ++ ++++ ++++ 
 

Inhibitory zone diameter: >8.0 mm, ++++; 5.0–7.0 mm, +++; 2.0–4.5 mm, ++; 0.2–1.5 mm, +; and <0.1 mm, −; 
1
VRSA: Vancomycin-

Resistant Staphylococcus aureus; 
2
MRAS: Methicillin-Resistant S. aureus; 

3
Antibiotic discs of ampicillin for E. coli and S. flexneri, and 

gentamicin for L. monocytogenes, B. coagulans, methicillin-resistant S. aureus and vancomycin-resistant S. aureus were used as positive 
controls, respectively. 

 
 
 
hand, water is generally used in traditional settings to 
prepare plant decoctions for health remedies (Majorie, 
1999). In the present study, for distilled water extracts 
persimmon hull had the highest tannin concentration, 
followed by chestnut hull, green tea waste, and acorn hull. 
However, tannin concentrations in ethanol and acetone 
extract from chestnut hull were the highest among all the 
samples. 

It is well demonstrated in the literature that compounds 
found in plant extracts, such as tannin, gallic acid, ellagic 
acid and catechin have antimicrobial effects (Akiyama et 
al., 2001; Funatogawa et al., 2004; Nascimento et al., 
2000). In particular, tannins inhibit bacterial growth and 
protease activity by damaging the cell wall and cytoplasm, 
causing rapid structural destruction (Andrade et al., 2006; 
Cowan, 1999). In our present study, antibacterial activity 
was higher with tannins extracted from green waste than 
with those extracted from acorn, chestnut, and 
persimmon hulls using distilled water, ethanol and 
acetone. Tannin extracts of distilled water, ethanol, and 
acetone from green tea waste exhibited strong 
antibacterial activity against all bacterial strains tested in 
this study, including VRSA, MRSA, B. coagulans, L. 
monocytogenes, E. coli, and S. flexneri. In contrast, the 
tannin extracts of distilled water, ethanol, and acetone 
from persimmon hull exhibited no inhibitory activity 

against almost all strains, with the exceptions of E. coli 
and S. flexneri. From a clinical point of view, E. coli can 
infect the gall bladder, surgical wounds, skin lesions, and 
the lungs, especially in debilitated and immunodeficient 
patients (Black, 1996). Further, vancomycin-resistant 
enterococci have emerged as important nosocomial 
pathogens during the past decade. These bacteria are 
also known to have intrinsic resistance to commonly used 
antimicrobial agents (Lee and Rhee, 2011; Livornese et 
al., 1997). Chandrappa et al. (2011) reported that acetone 
and ethyl acetate extracts of Adiantum pedatum, which 
are rich in steroids, glycosides, and terpenoids as well as 
phenols, showed inhibitory activity against clinically 
important standard reference bacterial strains including S. 
aureus, Klebsiella pneumoniae, P. aeruginosa, and E. coli. 
Similarly, it was reported that the condensed tannin 
extracts from Shinnery and Post oaks had strong 
inhibitory activity against S. aureus, having growth 
inhibition zones exceeding 23 mm at 8 mg tannin 
extract/mL (Min et al., 2008). In another previous study, 
the minimum inhibitory concentration of tannins for P. 
fluorescens, S. aureus, E. coli, K. pneumoniaw, and other 
pathogenic bacteria was 5 mg and the proportional range 
was between 5 and 25 mg/mL (Chung et al., 1993). 
These findings agree with our results for the presence of 
tannins extracted from agricultural by-products, except for 
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Table 4. The antibacterial activity of tannins extracted by acetone from agricultural by-products. 
 

 mg/disc VRSA
1
 MRSA

2
 B. coagulans L. monocytogenes E. coli S. flexneri 

Green tea by-product 
 

2 ++ +++ ++ + ++ ++ 
3 +++ +++ ++ ++ ++ +++ 
4 +++ +++ +++ ++ ++ +++ 
5 +++ ++++ +++ ++ ++ +++ 

antibiotic
3
 ++++ ++ ++++ ++ ++++ ++++ 

        
Acorn hull 2 + +++ - + + ++ 

3 + +++ - + + ++ 
4 + +++ - + + ++ 
5 + +++ + ++ + ++ 

antibiotic ++++ ++ ++++ ++ ++++ ++++ 

        
Chestnut hull 2 + + - + - + 

3 + ++ - ++ - + 
4 + ++ + ++ - ++ 
5 + ++ + ++ + ++ 

antibiotic ++++ ++ ++++ ++ ++++ ++++ 

        
Persimmon hull 2 - - - - - - 

3 - - - - - - 
4 - - - - - - 
5 - + - - + - 

antibiotic ++++ ++ ++++ ++ ++++ ++++ 
 

Inhibitory zone diameter :>8.0 mm, ++++; 5.0–7.0 mm, +++; 2.0–4.5 mm, ++; 0.2–1.5 mm, +; and <0.1 mm, −; 
1
VRSA: Vancomycin-

Resistant Staphylococcus aureus; 
2
MRAS: Methicillin-Resistant S.aureus; 

3
Antibiotic discs of ampicillin for E. coli and S. flexneri, and 

gentamicin for L. monocytogenes, B. coagulans, methicillin-resistant S. aureus and vancomycin-resistant S. aureus were used as positive 
controls, respectively. 

 
 
 

Table 5. DPPH radical scavenging activity expressed by IC50 values (mg/ml) of tannins extracted from agricultural 

by-products. 

 

Item Distilled water extracts Ethanol extracts Acetone extracts 

Green tea waste 0.020 ± 0.008
aC

 0.002 ± 0.000
bC

 0.021 ± 0.001
aC

 

Acorn hull 0.011 ± 0.001
bC

 0.011 ± 0.002
bB

 0.037 ± 0.002
aB

 

Chestnut hull 0.065 ± 0.002
aA

 0.008 ± 0.002
cB

 0.044 ± 0.002
bB

 

Persimmon hull 0.057 ± 0.001
cAB

 0.576 ± 0.017
aA

 0.143 ± 0.009
bA

 
 

Values represent the mean ± SD, n=3. IC50 values (expressed in mg dry weight of each tannins extracted from 

agricultural by-products per ml organic solvent) of sample that exhibited DPPH radical scavenging activity of more 
than 50%. 

a, b, c
Means with different superscript in the treatment rows are significantly different (p<0.05). 

A, B, 

C
Means with different superscript in the treatment columns are significantly different (p<0.05). 

 
 
persimmon hull extract. Several previous studies have 
suggested that the antimicrobial effect of tannins may be 
related to their ability to inactivate microbial adhesions 
and inhibit hydrolytic enzymes such as proteases and 
carbohydrolases and cell envelope transport proteins 
(Min et al., 2003; Scalbert, 1991). 
The biological activities of polyphenols have recently 
drawn increased attention from researchers and 
industries, as well as consumers. It is well known that 
polyphenolic compounds act as scavengers of reactive 
oxygen species, peroxide decomposers, quenchers of 
singlet oxygen, electron donors, and inhibitors of 

lipoxygenase (Porter, 1980). Numerous studies have 
suggested that oxidative stress may lead to pathological 
conditions such as aging, cancer, liver damage, heart 
disease, and Alzheimer’s disease (Kohen and Nyska, 
2002; Osawa et al., 1990). Tannins are water-soluble 
polyphenol that are present in the bark and fruits of many 
plants, especially bananas, grapes, sorghum, spinach, 
red wine, persimmons, coffee, chocolate and tea (Chung 
et al., 1998; Wu et al., 2004). It has also been reported 
that tannins are antioxidants often characterized by 
reducing power and scavenging activities (Minussi et al., 
2003). In the present  study,  we  used  DPPH  radical 
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scavenging properties to also examine the antioxidant 
activity of tannins extracted from agricultural by-products. 
DPPH has been widely used to evaluate the free radical 
scavenging effectiveness of various antioxidant 
substances (Özcelik et al., 2003). With ethanol extraction, 
the DPPH scavenging activity of tannins extracted from 
green tea waste was the highest among the agricultural 
by-products. Moreover, the IC50 value for DPPH 
scavenging activity of the ethanol extract from green tea 
waste was greater than that of vitamin C (data not shown). 
The antioxidant activity of green tea waste was also 
higher in the ethanol extract than in the distilled water 
and acetone extracts. Consequently, these results 
indicate that tannin extracted from agricultural by-
products, especially green tea waste has effective and 
powerful antioxidant activity. Green tea, which is a widely 
consumed drink, has received much attention due to the 
beneficial biological effects attributable to its strong 
antioxidant activity (Ho et al., 1992). In a previous study, it 
was reported that an extract from the leaves of Camellia. 
taliensis with abundant hydrolysable tannins showed 
remarkable antioxidant activity in vitro (Gao et al., 2008). 
Moon and Park (2000) reported that the chloroform and 
ethylacetate fractions from persimmon leaves that 
contained tannin had strong antioxidant activities. In 
another study, persimmon tannin was found to 
significantly increase the activity of antioxidant enzyme 
such as superoxide dismutase and catalase, while 
decreasing the raised malondialdehyde (MDA) level 
which is a marker for oxidative stress in vivo (Tian et al., 
2011). More recently, Zhang and Lin (2009) stated that 
tannin extracted by organic solvent from Syzygium cumini 
fruit showed strong DPPH scavenging activity and ferric 
reducing power. In addition, it was reported that crude 
tannins isolated from canola and rapeseed hulls exhibited 
strong DPPH radical scavenging activity ranging from 
35.2 to 50.5% at a dose of 1 mg (Amarowicz et al., 2000). 
These results agree with our findings on tannins 
extracted from agricultural by-products. Therefore, it is 
strongly expected that tannins extracted from agricultural 
by-products such as acorn, chestnut, and persimmon 
hulls as well as green tea waste would be natural source 
of a substitute for current antioxidants added to foods and 
pharmaceuticals as well as animal feed and antibiotics 
because of their potent antibacterial activity and 
antioxidant capacity. 
 
 
Conclusion 
 

Our results showed that tannins extracted from 
agricultural by-products, in particularly green tea waste, 
exhibited strong antibacterial and antioxidant activity. 
These findings suggest that the tannin sources and 
therefore their chemical composition as well as their 
concentration in agricultural by-products influence 
antimicrobial and antioxidant activities. It is also expected 
that tannins extracted from green tea waste may  provide  

 
 
 
 
alternatives and supplements to conventional anti-
bacterial and antioxidant feed additives, although the 
mechanism for antibacterial and antioxidant activity of 
tannin extracted from green tea waste are not clear at this 
time. The potential activity of tannin extracted from green 
tea waste needs to be further studied to investigate the 
mode of action. 
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