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Abstract:    Antioxidative and cytotoxic effects of chamomile (Matricaria chamomilla) fermented by Lactobacillus 
plantarum were investigated to improve their biofunctional activities. Total polyphenol (TP) content was measured by 
the Folin-Denis method, and the antioxidant activities were assessed by the 1,1-diphenyl-2-picrylhydrazyl (DPPH) 
method and β-carotene bleaching method. AGS, HeLa, LoVo, MCF-7, and MRC-5 (normal) cells were used to ex-
amine the cytotoxic effects by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium (MTT) assay. The TP content of 
fermented chamomile reduced from 21.75 to 18.76 mg gallic acid equivalent (mg GAE)/g, but the DPPH radical 
capturing activity of fermented chamomile was found to be 11.1% higher than that of nonfermented chamomile after  
72 h of fermentation. Following the β-carotene bleaching, the antioxidative effect decreased because of a reduction in 
pH during fermentation. Additionally, chamomile fermented for 72 h showed a cytotoxic effect of about 95% against 
cancer cells at 12.7 mg solid/ml of broth, but MRC-5 cells were significantly less sensitive against fermented cham-
omile samples. These results suggest that the fermentation of chamomile could be applied to develop natural anti-
oxidative and anticancer products.  
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1  Introduction 
 

Matricaria chamomilla L. (German chamomile) 
is a member of the Asteraceae (Compositae) family 
and has been known to be one of the most popular 
medicinal plants worldwide. In particular, it has a 
long history of use in herbal medicine. The plant is an 
annual herb with erect branching and finely divided 

leaves, grows to a height of 50–90 cm, and produces 
daisy-like flowers. The flower of M. chamomilla is a 
nontoxic and edible plant, so it is used in various 
commercial product types such as tea, infusions, liq-
uids, and capsules for the convenience and accepta-
bility of the consumers. The major components of M. 
chamomilla are known to be phenolics and other 
bioactive compounds such as α-bisabolol, which is a 
natural monocyclic sesquiterpene alcohol, and it has 
been listed as generally recognized as safe (GRAS) by 
the US Food and Drug Administration (FDA) owing 
to its safety (Bianco et al., 2008). Many researchers 
have reported that M. chamomilla has pharmacolog-
ical properties, including antimicrobial (Batista et al., 
2014), anti-inflammatory (Batista et al., 2014),  
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antioxidative (Sebai et al., 2014), antispasmodic (Fa-
rideh et al., 2010), antiviral (Koch et al., 2008), and 
sedative (McKay and Blumberg, 2006) activities 
owing to the terpenoids, flavonoids (such as apigenin 
and luteolin), coumarins, and spiroethers in the plant 
(McKay and Blumberg 2006). Recently, it has been 
studied as a therapeutic agent against aphthous sto-
matitis (Tadbir et al., 2015). 

Fermentation technology has been used fre-
quently to increase food quality, including the shelf- 
life, nutritional value, and sensory properties (Zhang 
et al., 2012). Cvetanović et al. (2015b) concluded that 
the major phytochemicals in the ligulate florets of 
chamomile anthodium are apigenin and its glucoside. 
Furthermore, they studied their bioactivities in the 
fermentation process using enzymes produced from 
chamomile to hydrolyze apigenin-7-O-β-glucoside to 
apigenin. This biotechnology using microorganisms 
was also studied recently to enhance the production 
and extraction yields of bioactive compounds in the 
food and pharmaceutical industries (Torino et al., 
2013). For instance, rhamnosidase plays a meaningful 
role in wine fermentation through the hydrolysis of 
glycosylated aromatic compounds such as terpenes. 
Michlmayr et al. (2011) reported that putative two 
genes of rhamnosidase (ram and ram2) in Pedio-
coccus acidilactici released the monoterpenes linalool 
and cis-linalool oxide from wine extracts in combi-
nation with a bacterial glucosidase under optimum 
conditions. Santos et al. (2012) also used various 
lactic acid bacteria (LAB) such as Lactobacillus ac-
idophilus, Lactobacillus casei, and Lactobacillus 
plantarum as major strains in the bioconversion pro-
cess of oleuropein-α-polyphenol present in olives. 
Recently, Jo et al. (2014) presented that a ginseng 
extract fermented using Aspergillus usamii had higher 
cytotoxic effect than the nonfermented extract on 
cancer cell lines such as HepG2 (human liver hepato-
blastoma), AGS (human stomach adenocarcinoma), 
and DLD-1 (human colon adenocarcinoma) cells. 
Yoon et al. (2015) demonstrated that black rice bran 
fermented by Bacillus subtilis produced effective 
antioxidant and cytotoxic activities.  

Oxidative stress is defined as the imbalance 
between free radicals or reactive oxygen species 
(ROS) produced by metabolic oxidation and the an-
tioxidants present in living cells (Reuter et al., 2010). 
Particularly, ROS (such as hydrogen peroxide (H2O2), 

superoxide anion (O2
−), and hydroxyl radical (OH∙)) 

and various peroxide compounds are produced in-
tracellularly by the respiratory chain system in mi-
tochodria (Poyton et al., 2009). Ultimately, oxidative 
stress is known to damage important biomolecules 
and cells, potentially affecting cell viability (Du-
rackova, 2010). In particular, proteins and lipids in 
cells are known to be very susceptible to oxidative 
attacks, and the oxidatively modified molecules can 
increase the risk of cancer (Schraufstätter et al., 
1988). 

The aims of this work are to ferment extract of M. 
chamomilla by L. plantarum KCCM 11613P and to 
evaluate the improved antioxidative and cytotoxic 
activities of this substance against various cancer cell 
lines for practical application in the functional food 
and medicinal industries. 

 
 

2  Materials and methods 

2.1  Strains, plants, and chemicals 

L. plantarum KCCM 11613P strain was ob-
tained from the Korean Culture Center of Microor-
ganisms (KCCM), Seoul, Korea. The strain was cul-
tivated in the de Man-Rogosa-Sharpe (MRS, Difco 
Laboratories, Detroit, USA) broth at 37 °C for 12 h 
and used for fermentation of samples. The strains 
were maintained at −80 °C in the MRS broth with 
glycerol (20%, v/v) and sub-cultured in MRS before 
being used in experiments. 

Chamomile was obtained from the Herb King-
dom Agriculture Corporation (Namwon, Korea). The 
whole florets of chamomile were dried in an oven 
(OF12GW, Jeio-Tech Co., Seoul, Korea) at 60 °C for 
24 h. The dried sample was pulverized to a particle 
size of less than 10 mm using a mixer (Blander 7012S, 
Warning, Torrington, CT, USA) and was stored  
at 4 °C until used. 1,1-Diphenyl-2-picrylhydrazyl 
(DPPH), β-carotene, linoleic acid, 2,4,6-tripyridyl- 
S-triazine (TPTZ), 3-(4,5-dimethylthiazol-2-yl)-2,5- 
diphenyltetrazolium (MTT), and quercetin as a standard 
reagent were purchased from Sigma-Aldrich Co. (St. 
Louis, MO, USA). 

2.2  Cell lines and culture conditions 

AGS, HeLa, LoVo, and MCF-7 as human cancer 
cell lines and MRC-5 as one normal cell line were 
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obtained from the Korean Cell Line Bank (KCLB; 
Seoul National University, Seoul, Korea). AGS, 
LoVo, and MCF-7 cells were cultured in Roswell 
Park Memorial Institute (RPMI) 1640 medium 
(Gibco Laboratories, Grand Island, NY, USA) con-
taining 100 μg/ml streptomycin, 100 U/ml penicillin, 
and 10% (0.1 g/ml) heat-inactivated fetal bovine se-
rum (FBS; HyClone, Logan, UT, USA). Both HeLa 
(human cervical adenocarcinoma) and MRC-5 cells 
were cultured in the minimum essential medium 
(MEM) containing 100 μg/ml streptomycin, 100 U/ml 
penicillin, and 10% FBS. All cell lines were grown at 
37 °C in a CO2 incubator (MCO-18AIC, SANYO 
Electric Co., Ltd., Japan). The atmosphere for cul-
turing was controlled to 5% CO2/95% air. At the 
logarithmic phase, each adherent cell line was har-
vested with 2.5 g/L trypsin (Invitrogen Corp., Carls-
bad, CA, USA) and enumerated by using a hemocy-
tometer (Hausser Scientific, Horsham, PA, USA). Each 
cell line grown to 80% confluence was inoculated in 
new dishes and prepared for cytotoxicity assay. 

2.3  Extraction and fermentation of chamomile 
florets 

Twenty grams of the powdered chamomile 
whole florets were blended with 2.5 g of peptone and 
10 g of glucose in 0.5 L of distilled water (d-water) 
and extracted at 120 °C for 30 min in an autoclave. 
After cooling, 10 ml of L. plantarum KCCM 11613P 
was inoculated into the extract (initial cell number: 
approximately 1×106 colony-forming unit (CFU)/ml 
of the total broth). The broth was cultivated at 30 °C 
for 72 h. After culturing, the broth was centrifuged at 
13 000g, filtered with a 0.45-μm membrane filter, and 
freeze-dried for 2 d. The powder samples were vacuum- 
packaged and were stored in a freezer (−20 °C) until 
used.  

2.4  Determination of pH, TA, and viable cell 
number 

Ten grams of each fermented sample and 90 ml 
of 0.85% (8.5 g/L) NaCl solution were mixed for 
measuring the pH and total acidity (TA) (Yang et al., 
2014). The pH was determined with a pH meter 
(Model 720, WTW Co., Germany). TA was titrated 
up to pH 8.2 with 0.1 mol/L NaOH solution. Viable 
bacterial numbers were determined in the fermented 
samples by duplicate plating on to MRS agar after 
incubation at 30 °C for 72 h. 

2.5  Determination of total polyphenol and flavo-
noid contents 

The total polyphenol (TP) content was evaluated 
by adding the resultant mixture (100 μl) to 2 ml of 2% 
(0.02 g/ml) aqueous sodium carbonate (Na2CO3) 
solution (Yoon et al., 2015). After 3 min, 100 μl of 
50% Folin-Ciocalteau’s reagent was added to the 
mixture. After 30 min of standing, the absorbance was 
measured at 750 nm with a spectrophotometer 
(2120UV, Optizen, Daejon, Korea). The TP content 
was calculated based on the calibration curve of gallic 
acid, and the results were expressed as milligrams of 
gallic acid equivalents per gram of solid (dry weight) 
(mg GAE/g). 

The total flavonoid content of a fermented sam-
ple was measured with the aluminum nitrate assay 
(Moreno et al., 2000). A 100-μl aliquot of the sample, 
100 μl of 10% (0.1 g/ml) ammonium nitrate, 100 μl of 
1.0 mol/L potassium acetate, and 4.7 ml of 80% eth-
anol were mixed. After incubation at 25 °C for 40 min, 
the absorbance of samples was detected spectropho-
tometrically at 415 nm. The content of total flavonoid 
was calculated based on a standard plot using quer-
cetin and the results were expressed as milligrams of 
quercetin equivalents per gram of solids (mg QE/g). 

2.6  Antioxidative activity as assessed by the 
DPPH method 

A 200 μl of each sample was mixed with 1.0 ml 
of 0.1 mmol/L DPPH solution in methanol. The 
mixture was shaken and was reacted for 15 min at 
25 °C. After reaction, the absorbencies of the mixture 
were measured at 517 nm. DPPH free radical scav-
enging effects of samples were calculated as follows: 

 
Radical scavenging effect (%)=[1−(As/Ac)]×100%, 

 
where As and Ac are the absorbencies of sample and 
control, respectively. 

2.7  Antioxidative activity as assessed by β-carotene 
bleaching 

Forty-four microliters of linoleic acid, 200 mg of 
β-carotene, and 200 μl of Tween 80 were mixed in  
10 ml of chloroform. A 5-ml aliquot of the mixture 
was vacuum-dried and diluted in 100 ml of d-water as 
the β-carotene mixture. In the antioxidative activity 
assay, 0.5 ml of sample was added to 4.5 ml of a 
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β-carotene mixture and was incubated at 50 °C, and, 
while standing, sampling was performed at 2 h in-
tervals. The absorbance of each sample was deter-
mined at 400 nm. The antioxidative activity was es-
timated as follows: 

 
Antioxidative activity (%)=(ODs/OD0)×100%, 

 
where ODs is the absorbance (optical density) after 
reaction and OD0 is the initial absorbance. 

2.8  Antioxidative effect as assessed by FRAP  
assay 

The ferric-reducing ability of plasma (FRAP) 
assay was performed according to the modified 
method of Benzie and Strain (1996). A 300 mmol/L 
acetate buffer was prepared by mixing 3.1 g of so-
dium acetate trihydrate (C2H3NaO2·3H2O) and  
16.0 ml of glacial acetic acid and diluted to 1.0 L with 
d-water. TPTZ solution was prepared by making a 
solution of 10 mmol/L TPTZ in 40 mmol/L HCl. The 
working FRAP mixture was produced by mixing  
300 mmol/L acetate buffer (pH 3.6), 10 mmol/L 
TPTZ solution, and 20 mmol/L FeCl3·6H2O in 10:1:1 
(v/v/v) ratio and preheated to 37 °C just before use. 
The lyophilized samples were vortex-mixed with 70% 
ethanol for 3 min for extraction. The concentrations of 
the solid extract were controlled to 0.25–2.00 mg/ml. 
Then, 100 μl of sample was added to 1.9 ml of the 
working FRAP mixture and was reacted at 25 °C in a 
dark chamber. Absorbance was determined at 593 nm 
after 30 min incubation. The analysis was determined 
quantitatively by using a linear regression plot rang-
ing from 50 μmol/L to 1.5 mmol/L of FeSO4. The 
unit was expressed as equivalents of Fe2+, FeSO4 
equiv. μmol/L. 

2.9  In vitro cytotoxicity assay 

Cytotoxicity was determined using the tetrazolium- 
based colorimetric assay (MTT test) (Wang et al., 
2006). The cell suspension (200 ml) was transferred 
to a microwell and incubated for 24 h. Then, a 100-μl 
sample was poured into the medium and cultured at 
37 °C for 44 h. Doxorubicin (Aldrich, Milwaukee, WI, 
USA) was used as positive control. After incubation, 
the mixture was discarded and 100 μl of MTT  
(2.5 mg/ml in phosphate buffered saline (PBS)) was 
added to the plate. The culture broth was then incu-

bated for an additional 4 h. The supernatant was as-
pirated, and 0.1 ml of dimethyl sulfoxide (DMSO) 
was added to each microwell to solubilize the form-
azan produced from MTT during incubation with cell 
lines. The absorbencies were determined at 570 nm 
with a microplate reader (EL311, Bio-Teck Instru-
ment Inc., Seoul, Korea). The cytotoxic activity was 
estimated as follows:  

 
Cytotoxic activity (%)=[1−(ODs/ODc)]×100%, 

 
where ODc is the absorbance (optical density) of the 
control after the reaction. 

2.10  Statistical analysis 

Each experimental test was performed in tripli-
cate, and analysis of variance (ANOVA) was per-
formed using the SPSS 18 package (Chicago, IL, 
USA). A significant difference was defined as P<0.05. 

 
 

3  Results 

3.1  Determination of total polyphenol content 
following fermentation 

Cvetanović et al. (2015a) reported that super-
heated water extraction in the temperature range of 
100–374 °C was more effective than the other 
methods used in their study. In this study, superheated 
water extraction method was adopted, and then the 
extract was powdered and inoculated with L. 
plantarum strain. 

Under the conditions used in our study, the  
stationary phase was attained after 8 h of incubation. 
The cell number was counted approximately to  
8.0 log CFU/ml of cultured sample. Fig. 1 shows that 
the pH decreased rapidly to 3.3±0.2, but changed very 
little after 24 h. Meanwhile, the TA was increased 
from 1.15% to (13.3±0.3)% during culturing. From 
these results, the culturing time for fermentation was 
established as 24 h. 

TP content is known to be an important factor in 
evaluating the bioactive properties of plants. From 
Table 1, it appeared that the solid and TP contents  
in fermented chamomiles decreased from 36.2 to  
25.3 mg/ml and from 718.55 to 559.78 mg GAE/g of 
solid, respectively, following 72 h of fermentation, 
but further fermentation did not produce any reduction. 
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Some reports suggest that the change in the TP content 
depends on the method of fermentation (Torino et al., 
2013) and the microbial strains used (Dong et al., 2014). 
Meanwhile, the total flavonoid content in the solid of 
extract increased from 266.69 to 363.14 mg QE/g of 
solid depending on the fermentation time. Dueñas  
et al. (2005) reported that complex polyphenols could 
be hydrolyzed to other higher biofunctional active 
compounds by microorganisms. In this study, it was 
presumed that L. plantarum KCCM 11613P could 
discompose the non-flavonic phenol compounds, and 
the composition of flavonoids in the fermented ex-
tract increased relatively.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.2  Antioxidative activities 

Table 2 shows the antioxidative activities of 
chamomile fermented by L. plantarum KCCM 
11613P using the DPPH method, β-carotene method, 
and FRAP assay.  

DPPH is a stable free radical that has been 
widely used for studying the free-radical scavenging 
activities of various antioxidants (Dong et al., 2014). 
As shown in Table 2, DPPH radical scavenging ac-
tivities increased from 83.93% to 92.21% depending 
on the fermentation time, while no significant 
changes were observed in the nonfermented samples 
(control). From these results, it appeared that the 
antioxidative effects were directly proportional to the 
concentration of the total flavonoids in the extract. 

In the β-carotene linoleate bleaching assay, an-
tioxidants inhibit bleaching by neutralizing the hy-
droperoxides produced by the oxidation of linoleic 
acid in this system (Othman et al., 2007). Ibrahim  
et al. (2014) reported that lacto-fermented herbal teas 
had significantly higher (P<0.05) antioxidative ac-
tivity compared to freshly prepared herbal teas, which 
displayed values ranging between 70% and 80%. As 
shown in Table 2, it appeared that fermented cham-
omile decreased the bleaching activity to 15.92% 
after 72 h of fermentation. Hur et al. (2014) reported 
that the bleaching activity of β-carotene is affected by 
changes in pH. During fermentation, the pH value 
decreased from the initial 6.5 to about 3.3. 

The FRAP method is also used frequently as an 
indicator of the phenolic antioxidant activity. The 
potential of the antioxidants was estimated by their 
ability to reduce Fe3+-TPTZ to Fe2+-TPTZ (Pulido  
et al., 2000). The ferric ion-reducing potentials of 
samples were calculated as FeSO4 equiv. μmol/L.  
 

 
 
 
 
 
 

 
 
 
 
 
 

Table 1  Contents of solid, total phenolics, and total fla-
vonoids in chamomile broth fermented by L. plantarum 
KCCM 11613P 

Fermentation  
time (h) 

Solid  
content 
(mg/ml) 

Total phenolic 
content  

(mg GAE/g) 

Total flavonoid 
content  

(mg QE/g) 

0 36.2±0.2 718.55±0.07 266.69±0.41 

12 31.1±0.3 678.20±0.15 292.64±0.22 

24 30.0±0.3 636.58±0.10 315.62±0.33 

48 29.4±0.4 555.73±0.09 342.17±0.27 

72 25.3±0.4 559.78±0.08 363.14±0.12 

GAE: gallic acid equivalent; QE: quercetin equivalent. Data are rep-
resented as mean±standard deviation (SD) in triplicate 

Table 2  Antioxidant activity of chamomile broth fer-
mented by L. plantarum KCCM 11613P using the DPPH 
and β-carotene methods 

Fermentation 
time (h) 

Antioxidant activity (%) 

DPPH method β-Carotene method 

NFC FCLP NFC FCLP 

0 83.08±2.59 83.93±0.33 71.84±2.49 71.22±1.49

24  90.81±0.48  71.79±1.75

48  89.85±1.76  22.97±16.19

72  92.21±0.38  15.92±13.91

NFC: nonfermented chamomile; FCLP: fermented chamomile by L. 
plantarum KCCM 11613P. Data are represented as mean±standard 
deviation (SD) in triplicate 
 

Fig. 1  Changes of pH and total acidity during the fer-
mentation of chamomile extract at 30 °C for 72 h 
(a) Growth curve;. (b) pH (●) and total acidity (○). Data are
represented as mean±standard deviation (SD) in triplicate 
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Concentrations of 25–36 mg solid/ml did not show 
any significant differences in the ferric reducing 
power. However, the antioxidative activities in the 
FRAP assay were seen to be correlated with the solid 
concentrations of 0.5–2.0 mg/ml after extraction with 
70% ethanol (Table 3). In this case, it is assumed that 
the antioxidative compounds obtained by 70% etha-
nol extraction were concentrated separately to a higher 
value, and a threefold increase in activity was observed 
compared to that observed using the culture broth.  

The reason for the stronger antioxidant activity 
in chamomile fermented by L. plantarum KCCM 
11613P compared to the freshly prepared chamomile 
(control) is probably due to factors such as the bacte-
ria itself. Yang et al. (2014) found that LAB itself 
may have an antioxidant effect. We performed several 
different assays (rather than depending on a single 
assay) to observe the antioxidant activity, because 
every method works methodologically through a 
different mechanism and limitation, and each anti-
oxidant result can be different depending on the an-
alytical methods. 

3.3  Cytotoxicity in vitro assay 

Choi et al. (2006) suggested that the lactobacilli 
strain might be useful as an antioxidant and anticancer 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

agent. In our study, the cytotoxic activities of fer-
mented chamomile against four different human 
cancer cell lines were estimated by MTT assay and, to 
evaluate the cytotoxicity against normal cell line, 
MRC-5 also was tested. Succinate dehydrogenase, 
which is a mitochondrial enzyme found in living cells, 
cleaves the tetrazolium ring of MTT and converts it to 
insoluble purple formazan. Therefore, the number of 
surviving cells can be calculated through the amount 
of formazan produced (Lee et al., 2004). 

As shown in Table 4, MTT assay indicated that 
fermented chamomile reduced the viabilities of AGS, 
HeLa, LoVo, and MCF-7 cells. Particularly, fer-
mented chamomile was highly cytotoxic to AGS, 
HeLa, and LoVo cells; furthermore, the AGS cells, 
among all the cancer cell lines tested, were the most 
susceptible to the overall extraction treatments. It 
appeared that cytotoxicity of fermented chamomile 
after 72-h fermentation was estimated to have about 
95% inhibitory effects on the growth of AGS, HeLa, 
and LoVo cells at 12.7 mg solid/ml in the broth. On 
the other hand, MRC-5 (human lung cell line) cells 
were not significantly affected (P>0.05) by fermented 
chamomile. 

 
 

4  Discussion 
 

Apigenin and quercetin are known to be major 
flavonoids in chamomile (Petroianu et al., 2009; 
Guzelmeric et al., 2014), and have been shown to 
inhibit strongly the growth of cells and, furthermore, 
to trigger apoptosis of human cancer cells (Ooi et al., 
2015). Therefore, the cytotoxic activities of fer-
mented chamomile may be mediated by apoptosis or 
attributed to an increase in the osmotic pressure  
 

 
 
 
 
 
 
 
 
 
 
 

Table 3  Ferric-reducing antioxidant power of chamo-
mile extracts fermented by L. plantarum KCCM 11613P 

Concentration 
(mg/ml) 

Antioxidant powera 

Nonfermented Fermented  

0.25   

0.5   32.13±3.52   42.85±5.56 

1.0 150.70±5.32 188.04±6.82 

2.0 346.80±1.26 374.10±1.90 
a Unit: FeSO4 equiv. in μmol/L. Data are represented as mean± 
standard deviation (SD) in triplicate 

Table 4  Cytotoxic effects of fermented chamomile extract (12.7 mg solid/ml) on various cancer cell lines 

Culture 
time 
(h) 

Cytotoxic activity (%) 

AGS HeLa LoVo MCF-7 MRC-5 

NFC FCLP NFC FCLP NFC FCLP NFC FCLP NFC FCLP 

0 62.92±0.43 62.31±1.60 76.28±0.47 78.12±2.44 72.30±8.77 74.53±7.13 62.50±2.97 62.92±1.27 70.96±5.08 72.33±2.08

12  74.13±0.33  78.93±3.26  80.67±2.93  78.26±1.99  71.36±1.06

24  80.72±0.45  83.04±0.29  80.40±1.15  78.39±0.97  73.12±3.02

48  82.72±0.16  82.77±0.43  81.13±0.84  79.41±0.24  72.24±2.01

72  95.75±0.36  95.87±0.19  95.01±1.06  91.99±0.64  84.50±2.19

PC  92.75±0.63  91.78±0.27  93.01±2.05  93.01±0.46  86.42±1.91

NFC: nonfermented chamomile; FCLP: fermented chamomile by L. plantarum KCCM 11613P; PC: positive control (1.2 mg/L doxorubicin). 
Data are represented as mean±standard deviation (SD) in triplicate 
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resulting from the high sample concentration, which 
is one of the most potent defense mechanisms against 
cancer (Sun et al., 2004). Li et al. (2010) have re-
ported that apoptosis is also related to the ROS levels 
in cancer cells; specifically, they demonstrated that 
the ROS levels are negatively correlated with the 
degree of apoptosis in different cancer cells. There-
fore, the antioxidative activity of fermented chamo-
mile can affect the incidence of apoptosis in cancer 
cells. Many studies have shown that some flavonoids 
(particularly, luteolin and quercetin) have apoptotic 
effects on cancer cell lines (Vijayababu et al., 2006; 
Lim et al., 2007), but Chang et al. (2008) showed that 
the anticancer mechanisms of flavonoids are diverse 
and include the induction of cell cycle arrest. 

Cvetanović et al. (2015b) studied only the en-
zymatic hydrolysis of phytochemicals (apigenin) to 
aglycones in chamomile extract during aging. How-
ever, the results in this study suggest that chamomile 
extract fermented using microorganisms such as L. 
plantarum KCCM 11613P has significantly greater 
antioxidative and cytotoxic activity than the unfer-
mented extract and that various compounds as well as 
apigenin can be bioconversed or hydrolyzed during 
fermentation. Therefore, the microbial fermentation 
of phytochemicals can be applied in diverse ways to 
functional food materials in the food and pharmaceu-
tical industry, e.g., as antioxidants or anticanceric 
agents. Although apigenin is the major flavonoid in 
chamomile (Cvetanović et al., 2015b), various other 
phytochemicals also coexist in chamomile extract, 
which could be bioconversed and/or hydrolyzed to 
have higher bioactivities. The mechanism would be 
complicated and is not known clearly to date. As 
further research, we plan to study the fermentation 
mechanisms of each compound and identify the major 
effective end-products and analyze them quantita-
tively with high-performance liquid chromatography- 
mass spectrometry (HPLC-MS); moreover, we also 
intend to study the specific anticancer mechanisms of 
the fermented extract of chamomile in more detail. 
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中文概要 
 
题 目：通过 Lactobacillus plantarum KCCM 11613P 乳杆

菌发酵改善洋甘菊的抗氧化和细胞毒性 
目 的：研究洋甘菊（Matricaria chamomilla）经Lactobacillus 

plantarum 乳杆菌发酵，可以改善其抗氧化和细胞

毒性。 
方 法：通过 Folin-Denis 方法测量酚类物质的总含量

（TP）；通过二苯代苦味酰肼（DPPH）法和 β-
胡萝卜素漂白法评价抗氧化活性；通过 MTT 法

测定 AGS、HeLa、LoVo、MCF-7 和 MRC-5（正

常）细胞的细胞毒性作用。 
结 论：发酵后洋甘菊的 TP 含量从 21.75 mg GAE/g 降至

18.76 mg GAE/g（GAE：子酸当量），但是 DPPH
自由基清除率在发酵 72 h 后比未发酵的高

11.1%。由于发酵期间 pH 的降低，在 β-胡萝卜素

漂白之后，其抗氧化效果降低。此外，发酵 72 h
后的洋甘菊对癌细胞有约 95%的细胞毒性作用，

但是 MRC-5 细胞的作用不敏感。这些结果表明，

洋甘菊的发酵可用于开发天然抗氧化和抗癌产

品。 
关键词：乳杆菌（Lactobacillus plantarum）；洋甘菊

（Matricaria chamomilla）；类黄酮；细胞毒性 
 


