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Abstract:  Fermentation is considered a promising way to increase the 
bioactive substance content as well as the curing efficacy of foods and herbal 
medicines. However, in the vast majority of cases, it remains unknown what 
bioactive ingredient and physiological activity are altered in traditional herbs after 
fermentation. Here, in order to find the effect of fermentation on the bioactive 
compound content and health efficacy of Cornus officinalis fruit, an important 
Chinese traditional medicine, its total phenolic content, total flavonoid content, 
antioxidant activity and anti-tyrosinase activity were estimated during 
Bifidobacterium bifidum fermentation process. The results showed that, during 
COF (Cornus officinalis fruit)’s fermentation, the total phenolic contents were 
significantly increased, however, the total flavonoid contents weren’t obviously 
changed, and that the antioxidant activity as well as the anti-tyrosinase activity was 
enhanced. In addition, the total phenolic content was positively related not only to 
the antioxidant activity but also to the anti-tyrosinase activity. This research can 
help us better understand the alterations of ingredients and physiological activities 
of fermented traditional medicines that influence curing efficacy.  
 
Keywords:  active compound, biochemical and physiological activity, 

functional food, increase, microorganism, traditional herbal 
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INTRODUCTION 
 
Fermentation is a promising approach through which curing effects and bioactive 
ingredients of traditional Chinese medicines and functional foods may be improved. 
Traditional East-Asian fermented foods, such as Chinese fermented soya bean, Korean 
soy sauce koji and Japanese natto, obtain higher nutritional value and more health 
effects through fermentation processes. Currently, some studies have confirmed that 
fermentation can significantly strengthen or increase curing efficacy or bioactive 
composition proportion of herbal medicine. When Phellinus linteus was fermented with 
other eight herbal medicines, the culture broth could suppress melanogenesis and 
microphthalmia-associated transcription factor, and had a high phenolic content [1]. 
After a fermentation process, several herbs including Viola mandshurica [2], red 
ginseng [3], Rhodiola rosea, Lonicera japonica [4], walnut, Moutan Cortex Radicis and 
asparagus root [5] showed improved anti-melanogenesis, anti-aging, tyrosinase 
inhibitory or antioxidative activities. As discovered by Suh et al., the fermented mixture 
of Cudrania tricuspidata, Lonicera caerulea and soybean have increased antioxidant 
and pancreatic-lipase-inhibitory activities [6]. Fermented herbs or traditional herb 
formulations could enhance anti-inflammatory, immunity or immunomodulatory ability, 
as published by some researchers [7 – 14]. All described above have demonstrated that 
fermentation could increase the bioactive substance content of herbal medicine, 
functional food and other food and strengthen their healthy or curing efficacy. 
COF (Cornus officinalis fruit), a traditional medicine in China, is applied to treat liver 
and kidney disease. It has been discovered that the fruit could inhibit cancer [15 – 17] 
and reduce blood glucose concentration [18 – 21]. It has also indicated that this 
traditional medicine has antioxidant [22 – 24] and cognitive-enhancing [25] capacities 
and enhances erectile function [26]. A few studies have been involved in the 
fermentation of the traditional Chinese herb. Park et al. revealed that fermented COFs 
could improve hair growth [27]. Some investigators detected fermentation conditions 
and determination of loganin during COF health wine production [28]. Moreover, 
extraction of ursolic acid from this herb was investigated on the condition of 
fermentation [29]. However, alteration of bioactive substance content, antioxidant and 
anti-tyrosinase activities is still unclear in fermented COFs, which may play a crucial 
role in a better understanding of curing efficacies or other effects of the herb. 
Bifidobacterium bifidum is one of the most important probiotic bacteria human digestive 
tract, which can reduce the chances of acute diarrhea and the risk of harmful bacterium 
infections, and contributes to the maintenance of intestinal microbial balance. So, in this 
present paper, the effects of B. bifidum fermentation and fermentation duration on the 
biochemical composition and activity of COF were studied. Phenolic content, 
flavonoidic content, antioxidant capacity and anti-tyrosinase capacity were determined 
in fermented COFs and unfermented COFs. The results demonstrate that fermentation 
can alter the phenolic concentration of COF, and that it can improve this herb’s 
antioxidant and anti-tyrosinase ability. Those findings will help people to better 
understand the mechanism underlying improved curing efficacy of fermented COFs. 
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MATERIALS AND METHODS 
 
Herbal material and pretreatment 
 
Fresh COFs were collected from a Cornus officinalis cultivation base belonging to 
Zhongjing Wanxi Pharmaceutical Co., Ltd. in June 2015. The nucleuses were removed 
from those fruits. Then, the flesh and rice wine (w : w = 3 : 1) was mixed and slowly 
rubbed. The rubbed flesh was steamed for three hours and then was dried at 60 °C in an 
oven for 72 hours.  The dried flesh was ground into powder whose particle diameter 
should be less than 3 mm. The powder was prepared for subsequent fermentation and 
extraction. 
 
Regents 
 
Tyrosine, tyrosinase, tyrosinase inhibitor, ascorbic acid, arbutin, DPPH (1,1-diphenyl-2-
picrylhydrazyl) were purchased from Sigma-Aldrich Co.. Folin-Ciocalteu reagent, 
aluminum chloride, sodium nitrite and sodium carbonate were bought from Sangon 
Biotech (Shanghai) Co. Ltd.. B. bifidum strains were obtained from Shangchuan Biotech 
Co. Ltd. All experimental chemicals used were of analytical grade, and the water 
applied was double-distilled water. 
 
Fermentation process of COF 
 
500 mL flasks containing 180 mL of liquid fermentation medium were added 0, 0.6, 
1.2, 2.4 and 4.8 g of dried powder of COF as described above. One liter of liquid 
fermentation medium contained 10.0 g peptone, 8.0 g beef extract powder, 4.0 g yeast 
extract, 20.0 g glucose, 1 mL sorbitan mono-oleate, 2.0 g dipotassium hydrogen 
phosphate, 5.0 g sodium acetate, 2.0 g triammonium citrate, 0.2 g manganese sulphate 
heptahydrate. Next, the pH of liquid medium in each flask was adjusted to 7.0 by adding 
sodium hydroxide or hydrochloric acid solution, and then 200 mL final volume was 
achieved by adding medium. These flasks were sterilized in an autoclave at 121 °C for 
30 minutes. Under a sterilized condition, all sterilized flasks were inoculated with 3 mL 
of 1×107 cfu·mL-1 B. bifidum culture. Afterward, those inoculated mixtures were 
statically cultured at 38 °C in an anaerobic incubator (YQX-11, LNB Instrument, 
China) for different duration: 0, 6, 12, 18, 24, 30, 36 or 42 hours. The fermentation 
process of the samples was terminated by placing them in a 0 - 4 °C environment. The 
samples with 0 g of COF were used negative control. All samples were carried out in 
triplicate. 
 
Extraction of total phenols and total flavonoids 
 
The fermentation broth was centrifuged at 1000 g for 30 minutes, and then 100 mL of 
supernatant was collected and evaporated under reduced pressure in a rotary evaporator 
until a light yellow paste was obtained. The paste was repeatedly extracted with 100 mL 
petroleum ether in order to remove the lipids. Then, repeatedly extracted the residue 
with 100 mL of 65 % methanol at 60 °C under an ultrasound condition for 120 minutes, 
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took supernatant every time. Afterward, the supernatant taken twice were mixed for the 
following assays. 
 
Determination of total phenolic content 
 
The total phenolic content was evaluated according to an improved Folin-Ciocalteu 
method. 0.4 mL of experimental sample was added into a 10 mL test tube which 
contained 5.2 mL of water. Vortexed the tubes for 1 minutes, and then added 0.4 mL of 
Folin-Ciocalteu’s reagent into each tube. Shake the tubes on a vortex oscillator again for 
1 minute. After 4 minutes, 4 mL of 10 % Na2CO3 was added into each test tubes. After 
that, shake these tubes vigorously for 30 seconds and then made them stand at room 
temperature for 1 hour. Afterward, the absorbance of each sample was determined 
against a blank at 746 nm with a spectrophotometer (Unocal UV-2000, Unocal 
Corporation, United States). 0.050, 0.100, 0.150, 0.300, 0.600 and 1.200 g·L-1 gallic 
acid solutions were used standard solutions to construct a calibration curve. The total 
phenolic content is expressed as milligrams of gallic acid per gram of dry substance. 
 
Determination of the total flavonoid content 
 
The determination of total flavonoid content of the extract was carried out according to 
a modified method published by Liu et al. (2005) [30]. 0.4 mL test sample was added 
into a 5 mL volumetric flash containing 5 mL of 30 % ethanol. The flashes were shook, 
and then stand for 5 minutes. 10 % Al3NO3 solution was added in the flashes and shook 
well. After 6 minutes, 2 mL of 1.0 mol·L-1 NaOH solution was added in the flash, and 
the solution volume was made up to 10 mL with 30 % ethanol. The flashes were shook 
gently in order to mix different ingredient thoroughly, next, the flashes were left for 15 
minutes. The absorbance of the solution was measured against a blank at 510 nm using 
a spectrophotometer (Unocal UV-2000, Unocal Corporation, United States). Applied 
0.050, 0.100, 0.150, 0.300, 0.600, 1.200 g·L-1 rutin as a standard to construct a 
calibration curve. The total flavonoid content was shown as milligram of rutin 
equivalents per gram dry matter. 
 
Determination of the free radical scavenging activity 
 
The free radical scavenging activity of the extract was estimated through a modified 
version of the DPPH method as described by Brand-Williams et al (1995) [31]. A 0.2 
mL of test sample was added in a tube containing 4 mL of 0.2 mM DPPH dissolved in 
methanol and added to 10 mL with methanol. The tubes were vortexed for 1 minute and 
then placed in a test tube rack for 30 minutes. The absorbance of the solution were 
determined was recorded using a spectrophotometer (Unocal UV-2000, Unocal 
Corporation, United States) at 517 nm. The free scavenging activity was expressed as 
the free radical scavenging percentage (K) based on the following equation:  

 

K = [(A0-A)/A0]*100%                                         (1) 
 

where K means free radical scavenging percentage, A0 is absorbance value of control 
solution and A is absorbance of sample solution. The DPPH solution without test 
sample was used as control. Ascorbic acid was positive control. 
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Measuring of anti-tyrosinase activity 
 
Anti-tyrosinase activity of the extract was assayed using a improved version of 
Hearing’s method [32]. A 4 mL of 2.5 mM levodopa was added to a 2 mL of 0.05 M 
phosphate buffer (pH=6.8), and then mixed well. 1 mL of assayed sample and 3 mL of 
tyrosinase (100 U·mL-1) were added into that mixture. The solutions were incubated for 
15 minutes at 30 °C. The termination of enzyme reaction was perfected by placing the 
reaction systems in an ice bath. The absorbance of the system was determined with a 
spectrophotometer (Unocal UV-2000, Unocal Corporation, United States) at 490 nm. 
The anti-tyrosinase activity was expressed as tyrosinase inhibition percentage (R) based 
on the following equation:  

 

R = {[(A1-A2)-(B1-B2)]/(A1-A2)}*100%                (2) 
 

 

where R represents tyrosinase inhibition percentage, A1 is the absorbance value of 
control system with enzyme, A2 denotes the absorbance value of control system without 
enzyme, B1 means the absorbance value of sample system with enzyme, and B2 
indicates the absorbance value of sample system without enzyme. Beta-arbutin was 
positive control. 
 
Statistical analysis 
 
Data were tested for normality and variance constancy before statistical analysis. One-
way ANOVA and LSD multiple comparison tests were applied to find differences 
between groups in active compound contents or physiological-biochemical activities. 
Correlations between active compound and physiological-biochemical index were made 
by linear regression analysis. Mean differences were considered statistically significant 
when P < 0.05. Statistical analysis was performed using SPSS 17.0 for Windows (SPSS, 
Inc., Chicago, IL, USA). Results are presented in the form mean. 
 
 
RESULTS AND DISCUSSION 
 
Changes of the total phenolic and flavonoid content during the fermentation 
process 
 
After fermentation, the total phenolic contents of test samples significantly increased, 
however, the sample had no significant alteration in the total flavonoidic contents. As 
shown in Figure 1, the total phenolic content of culture broths containing different 
amounts of COF increased with the extension of fermentation time (Figure 1a), 
although the broths not inoculated with B. bifidum showed no alteration in the total 
phenolic levels over time (Figure 1b). Moreover, Figure 1a also indicates that the 
increase of the total phenolic contents during fermentation for 12, 18, 24 hours 
significantly increased. It was similar to the results discovered in the studies on other 
fermented traditional foods or herbs [1, 5, 33 – 35]. In contrast to the total phenolic, the 
total flavonoid content had no statistically significant alteration during fermentation 
(Figure 2a) which was similar to the total flavonoid level in COF broth not fermented 
by B. bifidum (Figure 2b). It was different from the conclusions of other researchers that 
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fermentation usually decreases the total flavonoid contents of substrate because major 
compounds composed of total flavonoid are oxidized during the process [35 – 38]. This 
distinction may be likely due to differences in the types of fermenting microorganisms 
or/and substrates. These discoveries provide a suggestion that the fermentation may be a 
better way to promoting the phenolic content of traditional food and medicine, however, 
it may not be suitable for increasing the flavonoid content of certain traditional foods or 
medicines.  
 

 
Figure 1. Total phenolic content of B. bifidum fermentation broth (a) and control (no 

fermentation) (b) at different COF densities  
*error bars represent standard deviation of three independent experiment 

*total phenolic content was expressed as milligrams of gallic acid per equivalents gram of dry matter 

 

 
Figure 2. Total flavonoid content of B. bifidum fermentation broth (a) and control (no 

fermentation) (b) at different COF densities 
*error bars represent standard deviation of three independent experiment 

*total flavonoid content was shown as milligram of rutin equivalents per gram dry matter 
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Changes of the antioxidant and anti-tyrosinase activities during the fermentation 
process 
 
Both the antioxidant and anti-tyrosinase activity of the fermented COF were 
significantly improved. Figure 3 shows that the antioxidant activities of COF fermented 
for 12, 18, 24 hours were significantly enhanced, although those of COF fermented for 
30, 36, 42 hours were not significantly altered. Like the antioxidant, there was a 
significant exaltation in the anti-tyrosinase activity during fermentation for 12, 18, 24 
hours (Figure 4). Here, both the antioxidant and anti-tyrosinase activity of COF were 
improved during fermentation. Some previous researches have shown that fermentation 
can not only strengthen the antioxidant activity of traditional foods and medicines, but 
also their anti-tyrosinase activity [4, 5, 35]. It is demonstrated that microbial 
fermentation may partly rely on the same or similar mechanism to increase the 
antioxidant and anti-tyrosinase activity of substrates. 
 

 
Figure 3. Antioxidant activity (%) of B. bifidum fermentation  

broth of at different COF densities 
 

 
Figure 4. Anti-tyrosinase activity (%) of B. bifidum fermentation  

broth of at different COF densities 
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Relationship between the antioxidant or anti-tyrosinase activity and the total 
phenol or flavonoid content 
 
In various COF fermentation times at the same COF density, the correlation between the 
antioxidant activity and the total phenolic content was strongly positive, while that 
between the antioxidant activity and the flavonoid content was poor.  As shown in Table 
1, these correlation coefficient values of the antioxidant activities and the total phenolic 
contents were between 0.959 and 0.985, indicating a strong relationship between them. 
This result supported the discoveries that the antioxidant activity of some traditional 
medicines and foods may be improved through the increasement of the phenolic content 
by fermentation [5, 35, 40]. In contrast, the relationship between the antioxidant activity 
and the total flavonoid content was very insufficient on the same conditions, as 
suggested by the low correlation coefficient values (0.012-0.497) (Table 1). The poor 
relationship between the antioxidant activity and the flavonoid content was likely 
because of no obvious alteration of flavonoid content during fermentation process. 
 

Table 1. Correlation coefficient (R) of the bioactive substances and the physiological 
activities at various fermentation times of different COF densities 

COF 
density 
[g·L-1] 

Total phenolic 
content 

vs  
antioxidant 

activity 

Total flavonoid 
content vs  

antioxidant 
activity 

Total phenolic 
content 

vs  
anti-tyrosinase 

activity 

Total flavonoid 
content 

vs  
anti-tyrosinase 

activity 
3 0.985 0.497 0.982 0.565 
6 0.959 0.048 0.973 -0.086 
12 0.979 0.012 0.987 -0.029 
24 0.977 0.089 0.973 0.061 

 
The correlation coefficient values between the anti-tyrosinase activity and the total 
phenolic content was between 0.973 and 0.987 at different fermentation time at various 
COF concentrations (Table 1), suggesting that the increasement of this compound 
content may strengthen the anti-tyrosinase activity after fermentation. It was similar to 
the speculation that fermentation may positively influence the anti-tyrosinase activity of 
food and herbs by increasing their phenolic content [5, 35, 39]. In contrast, the 
correlation coefficient values between anti-tyrosinase activity and flavonoid was 
between -0.086 and 0.565 (Table 1), indicating that flavonoid may not be involved in 
the anti-tyrosinase activity in this research. No relationship between anti-tyrosinase 
activity and flavonoid likely because of little alteration in the flavonoid content during 
fermentation.  
In general terms, the COF fermented by the probiotic B. bifidum exhibited the 
increasement of the total phenolic content, the enhancement of the antioxidant activity, 
and the improvement of anti-tyrosinase activity. Moreover, it was demonstrated that the 
antioxidant and anti-tyrosinase activities were positively related with the phenolic 
content during fermentation process. Therefore, it was confirmed that fermentation had 
the ability to promote the content of certain bioactive compounds and to improve the 
beneficial health effects in COF. Additionally, it may be feasible to speculate that when 
COF is eaten by people with a normal gut microbiota, its bioactive compounds and 
beneficial health effects will be improved, owing to gut probiotic fermentation. 
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However, more research may be needed to determine what type of phenol is altered and 
to clarify whether there are significant changes in other active ingredients under the 
condition of fermentation. 
 
 
CONCLUSIONS 
 
Currently, it has been believed that fermentation plays a very hopeful role in promoting 
bioactive compound contents and health efficacies of traditional medicines and foods. 
Although COF, an important traditional Chinese herbal medicine, has been sporadically 
studied in the condition of fermentation, the effects of fermentation on the bioactive 
substance contents and curing efficacies of this herb still remain unknown. Here, during 
COF’s fermentation, it has been discovered that the total phenolic contents were 
significantly increased, although the total flavonoid contents were obviously changed, 
and that the antioxidant activity as well as the anti-tyrosinase activity was enhanced. 
Furthermore, the total phenolic contents were not only positively related to the 
antioxidant activity but also the anti-tyrosinase activity. Therefore, it is feasible to 
increase bioactive product contents of foods or herbal medicines and to improve their 
health effects using fermentation. However, more research may be needed to determine 
what type of phenol is altered and to clarify whether there are significant changes in 
other active ingredients under the condition of fermentation. 
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