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ABSTRACT 
 

 

INVESTIGATION OF EFFECTS OF TURKISH BLACK TEA 

POLYPHENOLS ON HUMAN GUT MICROBIOTA IN IN-VITRO 

FERMENTER CULTURES 

 

Human gut microbiota has a highly complex microbial composition and it functions in 

many processes related to human well-being. Of many endogeneous and exogeneous 

conditions affecting gut microbial population, diet is the one, which has the most impact. 

The aim of the study was to evaluate the influence of Turkish black tea polyphenols (BTP) 

on gut microbiota of a Turkish individual. The effects of Turkish BTPs on gut microbiota 

of a Turkish individual was determined in samples collected from pH controlled fecal 

batch fermenters at 7 time points (0, 4, 8, 10, 24, 30, 48 h) in the presence or absence of 

water extracted BTP (1000 mg/L) by using real-time PCR (Q-PCR) and fluorescent in-situ 

hybridization (FISH) analysis. While the mean values of three fermenter samples analyzed 

by Q-PCR analysis did not show any significant differences between the bacterial 

populations of Atopobium, Bacteroides-Prevotella-Porphyromonas, C. coccoides, 

Bifidobacterium, Enterobacteriaceae, Enterococcus and Lactobacillus groups and total 

bacterial count in the presence of BTP compared to control samples, the growth of C. 

coccoides-E. rectale and Lactobacillus-Enterococcus groups increased significantly 

(P<0.01) in black tea added cultures relative to control cultures in FISH analysis. Our data 

indicated that BTP might have an ability to modulate the composition of specific gut 

bacteria. This ability might be due to specific metabolic transformations of BTP by gut 

microbiota and/or antimicrobial properties of BTP on specific gut bacterial groups. 

However, further in-vivo animal and human intervention studies followed by metagenomic 

and metabolomic analyses are needed.   
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ÖZET 

 

 

 TÜRK SİYAH ÇAYI POLİFENOLLERİNİN İNSAN KALIN 

BAĞIRSAK MİKROBİYOTASINA ETKİSİNİN IN-VITRO 

FERMENTÖR KÜLTÜRLERİNDE İNCELENMESİ 

 

İnsan bağırsak mikrobiyotası oldukça karmaşık bir içeriğe sahip olup insan yaşamında 

olumlu birçok işlemde görev almaktadır. Beslenme, bağırsakta bulunan mikrobiyal 

popülasyonu etkileyen birçok iç ve dış etmenlerin en başında gelmektedir. Bu çalışmada, 

Türkiye’de en çok tüketilen ürünlerden biri olan Türk siyah çayı polifenollerinin Türk 

bireyin bağırsağındaki mikrobiyal popülasyonuna etkisi; Türk siyah çayı su ekstraktının 

(1000 mg/L) varlığında veya yokluğunda, pH kontrollü fekal kesikli fermentörlerden 7 

farklı saatte (0, 4, 8, 10, 24, 30, 48) toplanan örnekler ile; kantitatif polimeraz zincir 

reaksiyonu (Q-PCR) ve floresan in-situ hibridizasyon (FISH) yöntemleri kullanılarak 

incelenmiştir. Üç fermentör örneğinin Q-PCR analizlerinin ortalama değerlerinde; 

Atopobium, Bacteroides-Prevotella-Porphyromonas, C. coccoides, Bifidobacterium, 

Enterobacteriaceae, Enterococcus, Lactobacillus grupları ve toplam bakteri sayımında 

kontrole göre kayda değer bir değişim gözlenmezken, FISH analizinde C. coccoides-E. 

rectale ve Lactobacillus-Enterococcus gruplarının üremelerinin siyah çay varlığında kayda 

değer bir şekilde arttığı (P<0.01) gözlenmiştir. Elde edilen verilere göre, Türk siyah çayı 

polifenollerinin bağırsakta bulunan spesifik bakteri gruplarının kompozisyonlarını 

değiştirebilme yetisine sahip olabileceği tespit edilmiştir. Bu yetinin, Türk siyah çayı 

polifenollerinin bağırsak bakterileri tarafından metabolik dönüşümü ve/veya siyah çayı 

polifenollerinin bazı bağırsak bakterileri üzerindeki antimiktobiyal etkilerinden dolayı 

olabileceği düşünülmektedir. Ancak, konuyla ilgili destekleyici in-vivo hayvan ve insan 

çalışmalarına ek olarak ileri metagenomik ve metabolobik analizler gerekmektedir. 
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1.  INTRODUCTION 

 

 

Human digestive tract houses an extremely complex bacterial community which includes 

more than 1000 species making up to 10
12

 CFU/mL feces in number and has many impacts 

on human health. Human gut microbial composition is altered by many conditions of 

which diet is one of the most effective exogenous one. Therefore, many in-vivo and in-

vitro studies have been conducted to investigate the impacts of different metabolites on gut 

microbiota. In-vitro studies are based either batch fermenter models or continuous culture 

systems which both mimic physiological conditions of gut. Alternatively, in-vivo studies 

focus on human intervention trials or animal models having specific diets for certain time 

periods.  

 

With the collected samples from either in-vivo or in-vitro studies, gut microbiota analysis 

is performed by culture-dependent and culture-independent methods. Culture-dependent 

methods are based on isolation of microorganisms from samples and then further 

identification of microorganisms by morphological and biochemical analyses. Culture-

independent methods target to nucleic acids of microorganisms. Dot blot hybridization, 

microarray analysis, fluorescent in-situ hybridization (FISH), PCR-denaturing/temperature 

gradient gel electrophoresis (PCR-DGGE/TGGE), quantitative real-time polymerase chain 

reaction (Q–PCR) and next generation sequencing (NGS) can be listed as culture-

independent methods for gut microbiota analysis. 

 

Among dietary substances, polyphenols are one of the most studied metabolites that affect 

gut microbial composition. Turkish black tea is one of the most consumed beverages in 

Turkey and a rich source of polyphenols. Despite studies regarding the effects of different 

teas on gut microbiota, studies regarding the effects of Turkish black tea on gut microbiota 

of a Turkish individual is poorly studied.  Therefore, this study focused on investigating 

the impacts on Turkish black tea polyphenols on human gut microbiota of a Turkish 

individual in 48 h in-vitro fecal batch fermenter cultures in the presence and absence of 

black tea extract by Q-PCR and FISH methods with samples provided from 7 time points 

of fermentation (0, 4, 8, 10, 24, 30 & 48 h). 
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2.  LITERATURE REVIEW 

 

2.1.  HUMAN DIGESTIVE TRACT 

The human digestive tract harbors a complex and diverse microbial population. It houses 

more than 1000 bacterial species, which are mostly obligate anaerobes [1, 2]. Due to the 

low movement rate, most of the bacterial communities locate in large intestine, containing 

up to 10
11

- 10
12

 CFU/mL feces making 40- 45% of all fecal material by weight [3, 4]. 

Human gut microbiota is dominated by four main phyla which are Firmicutes (including 

Clostridium, Lactobacillus and Enterococcus genera), Bacteroidetes (including 

Bacteroides, Prevotella and Porphyromonas genera), Actinobacteria (including Atopobium 

and Bifidobacterium genera) and Proteobacteria (including Enterobacteriaceae family) [1, 

5]. The majority of bacteria belong either to the phylum Firmicutes or to the phylum 

Bacteroidetes which constitute over 90% of the bacterial population found in the human 

intestine [3]. 

 

Bacteroidetes are numerically one of the most important phyla. They are gram negative, 

obligate anaerobe, non-sporulating rods. This phyla is divided to 3 groups including 

Bacteroides (saccharolytic, non-pigmenting bacteria), Prevotella (moderately 

saccharolytic, bile-sensitive) which are dominantly found in oral microflora, and 

Porphyromonas (non-saccharolytic, black pigmenting). Bacteria of Clostridium group are 

gram-positive, anaerobic, spore-forming rods. Both symbionts and pathogens are present in 

this group. Metabolically, they cannot reduce sulphate. The numbers of Clostridium in gut 

can be as high as 10
10

 CFU/g feces [2]. Lactic acid bacteria (LAB) are one of the beneficial 

bacterial groups in gut microbiota including Lactobacillus, Lactococcus, Streptococcus and 

Enterococcus species. They are gram positive, non spore-forming, carbohydrate-

fermenting, lactic acid-producing, acid-tolerant and catalase-negative. Intestinal 

Lactobacillus species generally found at 10
9
 CFU/g feces in gut [2]. Bifidobacterium group 

is another beneficial group in gut microbiota. They are gram positive, anaerobic and 

saccharolytic rods. Enterobacteriaceae group consists of both symbionts and pathogens. 

They are gram negative, aerobic, facultative anaerobic, sugar fermenting rods. The most 

important member of Enterobacteriaceae is Escherichia coli. [2]. 
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Human gut microbiota which functions in many metabolic, nutritional, immunological, and 

physiological processes contributing to well-being of the host can get affected dramatically 

by endogenous (enzymes, hormones, disease, age, parts of gut, colonic transit time etc.) 

and exogenous conditions (diet, medication, geographical regions etc.) [3, 5-7]. According to 

a study, 1000 fold change in gut microbial count was obtained in 12-month period. The 

same study also showed that British and American population had higher Bifidobacterium 

and Bacteroides number; whereas Ugandans, Japanese and Indians had higher 

Enterococcus and Enterobacteria number compared to each other [2]. Moreover, in a study 

comparing intestinal microbiota of children from Burkina Faso and Europe, it was stated 

that the amounts of Firmicutes and Enterobacteriaceae were significantly lower and 

amount of Bacteroidetes was much higher in gut microflora of children from Burkina Faso 

than Europe. It was also stated that unique bacterial species were detected in children from 

Burkina Faso related to their diets [8]. 

2.2.  INTERACTIONS BETWEEN HUMAN GUT MICROBIOTA AND DIETARY 

SUBSTANCES 

Human gut microbiota can get affected by many endogenous and exogenous conditions as 

stated above. Diet, one of the exogenous conditions, is the one which affects gut microbial 

composition the most [9].  

 

According to reasons stated above, studies regarding human intestinal microflora analysis 

focused on the investigation of these conditions on composition of human gut microbiota. 

In-vitro & in-vivo studies have been performed for investigation of the effects of different 

variables on human gut microbiota. In-vitro studies mostly focus on fermenter models 

aiming to mimic the intestinal physiological conditions by using fecal samples as inocula 

[10-14]. Batch cultures are one of the simple fermenter models to study human gut 

microflora. However, only short-term colonization can be performed in batch cultures [15]. 

As an alternative, continuous culture systems such as Simulator of Human Intestinal 

Microbial Ecosystem (SHIME) [11], TNO Intestinal Model (TIM) [16] and SIMulator 

Gastro-Intestinal (SIMGI) [13] are used. Those systems create a complete gastrointestinal 

tract model enabling to study long term colonization of bacteria in a dynamic model [15, 
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17]. However, in-vitro models are limited since they do not represent in-vivo conditions of 

gut.  

 

In-vivo studies are based on human intervention trials in which fecal samples of healthy 

volunteers are collected to be analyzed directly. Human intervention studies are performed 

by controlling volunteers’ diet for a long period of time followed by collecting samples 

from blood, urine, stool and tissues [18]. In vivo studies are also being performed with 

human flora-associated animals such as rats and mice [19-21]; and rarely other animals 

such as birds and pigs [22, 23]. In vivo studies are good alternatives to in-vitro studies and 

so far the best ways to investigate the parameters that may affect gut microbial 

composition despite the limitations like high-cost, time consumption and ethical concerns 

[4, 18, 24, 25].  

 

With either collected fecal samples from in-vitro fermenter cultures or fecal, urine and/or 

blood samples from in-vivo studies, the effects of gut microbiota on dietary substances can 

be analyzed by analytical methods [26, 27]. Methods include high performance liquid 

chromatography (HPLC), nuclear magnetic resonance (NMR), gas chromatography (GC) 

and mass spectroscopy (MS) [14, 28, 29]. Combinations and variations of those methods 

such as GS-MS, HPLC-MS, UPLC-ESI-TQ-MS which is an UPLC system coupled to an 

electrospray interface photodiode array detector and an tandem quadruple mass 

spectrometer, DI-MS, GC-TOFMS and LC-MS have been used as well according to the 

target of metabolites [13, 30-32]. While the effects of human gut microbiota on dietary 

substances are analyzed by analytical methods, the effects of dietary substances and their 

metabolites on gut microbial profile can be analyzed by culture-dependent and -

independent methods. 

2.3.  ANALYSIS OF HUMAN GUT MICROBIOTA 

To investigate the impact of metabolites on gut microbiota, culture- dependent and culture- 

independent methods have been used. While culture-dependent methods are based on the 

cultivation, isolation and quantification of microorganisms, culture-independent methods 

basically target the analysis of nucleic acids such as dot blot hybridization, microarray 

analysis, fluorescent in-situ hybridization (FISH), PCR-denaturing/temperature gradient 
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gel electrophoresis (PCR-DGGE/TGGE), quantitative real-time polymerase chain reaction 

(Q–PCR) and next generation sequencing (NGS) [4, 33, 34]. 

 

2.3.1.  Culture-dependent Methods 

 

Culture-dependent methods, firstly used for intestinal microflora analysis, have been the 

standard methods based on isolation of microorganisms from fecal samples using selective 

media and then further identification of colonies by several morphological and biochemical 

analysis [4, 25, 35, 36]. However, culture-dependent methods are tedious, labor intensive 

and time consuming as well as they require large amount of materials [4, 37]. Also, not all 

bacteria in gut can be cultivated (viable but not culturable, VBNC) due to unknown 

culturing conditions [36]. Identification tests are not enough for certain classification of 

bacterial species or not effective enough to observe the relatedness between isolated 

species [37]. Therefore, quantification and diversity of gut microbiota is underestimated by 

culture methods. Although all the disadvantages stated above, culture-dependent methods 

are still useful due to studies requiring pure cultures and their physiologies. 

 

2.3.2.  Culture-independent Methods 

 

2.3.2.1.  Dot Blot Hybridization 

 

Dot blot analysis is one of the methods used for detection of intestinal microflora based on 

hybridization technique [38]. In dot blot analysis method, extracted DNA or RNA is 

generally directly fixed on membrane without amplification and then, hybridization is 

performed with radioactively or non-radioactively labeled probes [4]. The relative 

abundance of each bacterial group can be calculated by quantifying the signal intensity of 

probes, making dot blot a semi-quantitative analysis method [34]. A limitation of dot blot 

method on other quantification methods is that since amplification is not generally 

processed, the sensitivity of the system decreases in non-amplified samples [38]. 

 

Gut microbial studies using dot blot analysis are rare. Studies of Sghir et al. [39] and Smith 

and Mackie [21] determined gut microbiota of individuals having western-type diet and 
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tannin-rich diet, respectively concluding that dot blot was a useful method for microbial 

detection although the exact numbers of bacterial groups could not be investigated.  

 

2.3.2.2.  Microarray Analysis 

 

DNA microarray analysis is a powerful semi quantitative microflora investigation method 

based on hybridization as well. Microarray enables simultaneous analysis of thousands of 

target DNA in a single experiment [40]. Although microarray technology is originally used 

for gene expression studies, they can also be used for phylogenetic identification and 

quantification [33, 41]. In microarray analysis, isolated and amplified DNA from samples 

are hybridized with fluorescent labeled probes fixed on membrane and bacterial 

quantification analysis is performed by obtained fluorescent signal intensity [36]. 

Microarray is a high-throughput, rapid and user-friendly technique for microbial analysis, 

while hybridization biases and detection of low level bacteria are the limitations of this 

method [33, 37, 40]. Moreover, the sequences of the target organism must be known in 

order to design probes for analysis [36]. 

 

Various microarrays such as “HuGChip” [40], “Microbiota Array” [42] and “HITCip” [43] 

have been designed for gut microbiota analysis. Results indicated that all the arrays are 

able to rapidly detect intestinal bacteria with high specificity. With the confirmation of 

suitability, gut microbiota studies regarding the effects of dietary contents on gut 

microbiota are further being expected. 

 

2.3.2.3.  Fluorescent In-situ Hybridization (FISH) 

 

Fluorescent in-situ hybridization (FISH) is another hybridization method which enables 

detection of organisms in-situ. The procedure involves fixation of samples followed by 

permeabilization of cells, enabling designed probes to enter the cell. Then, probes are 

allowed to hybridize to target nucleic acid (DNA or RNA) and excess unbound probes are 

washed after hybridization. Hybridized cells are observed under confocal microscopy or 

via flow cytometry. FISH is a semi-quantitative method that enables distribution analysis 

of the microbiota with no PCR bias [37]. Specificity is another advantageous point of 
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FISH. However, some microorganisms cannot be detected due to their impermeability or 

lack of probes complementary to their nucleic acid sequences [36]. 

 

Several gut microbiota analysis studies were performed by FISH including the effects of 

polyphenols [13, 14, 30, 31, 44-47] as well as the effects of  prebiotics [12, 48] and other 

dietary substrates [19, 20, 49] as indicated in Table 2.1. In-vitro and in-vivo studies 

analyzing the effects of food products such as pomegranate by-product, black tea, grape 

seed extract and cocoa, and their bioactive food compounds such as dahlia inulin, 

anthocyanins, flavanols and many more on gut bacterial groups concluded that FISH was a 

useful method for microbial detection and quantification, with the advantage of being in-

situ. 

 

For example, in-vitro fecal fermentation of grape seed flavan-3-ol monomer (GSE-M) and 

oligomer (GSE-O) fractions [13], EGCG, GCG, EGCG3”Me isolated from oolong tea 

[14], anthocyanins [30] and pomegranate by-product [46] increased the growth of 

Lactobacillus and Enterococcus groups compared to control fermenters cultures. 

Bifidobacterium showed higher numbers in fermenters supplemented with isomalto-

oligosaccharides and fructo-oligosaccharides [12], EGCG, GCG, EGCG3”Me isolated 

from oolong tea [14], anthocyanins [30], (-)-epicatechin [45] and pomegranate by-product 

[46]. Moreover, (-)-epicatechin and (+)-catechin [45] stimulated the growth of C. 

coccoides–E. rectale group in fecal fermenter cultures compared to control fermenter 

cultures. Fermenter cultures supplemented with dahlia inulins [49] stimulated the growth 

of R. flavefaciens, R.bromii and E. cylindroides groups, while (+)-catechin [45] and 

pomegranate by-product [46] increased the growth of E. coli and total bacterial count, 

respectively compared to control vessels. On the other hand, grape seed flavan-3-ol 

monomer (GSE-M) and oligomer (GSE-O) fractions [13], polyphenols of red wine extract 

containing catechin, epicatechin, gallic acid and epicatechin-3-O-gallate) [31] and (+)-

catechin [45] inhibited the growth of C. histolyticum group in fecal fermentor cultures 

compared to control. The numbers of C. histolyticum as well as Bacteroides–Prevotella 

and Clostridium-Eubacterium groups decreased in the presence of oolong tea polyphenols 

(EGCG, GCG, EGCG3”Me) compared to control in fecal fermentation [14]. 
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In human intervention studies, stimulation in the microbial population including 

Bifidobacterium and Lactobacillus groups were observed after ingestion of high-cocoa 

flavanol compared to placebo treatment [44]. Intervention study on intake of black tea [47] 

extract and high cocoa flavanol [44] decreased the growth of Clostridium group and total 

bacterial count compared to placebo, respectively.  

 

Animal studies which were performed with rats revealed that consumption of blackcurrant 

extract stimulated the growth of Bifidobacterium and Lactobacillus groups and inhibited 

the growth of Bacteroides and Clostridium groups compared to untreated rats [20]. 

Moreover, cocoa rich diet inhibited the growth of Bacteroides, Clostridium and 

Staphylococcus groups in rat gut compared to normal diet consumption [19].  

 

Those studies showed that different food sources had different effects on gut microbiota 

suggesting that bioactive compounds might have possible stimulative or inhibitive effects 

on gut microbial groups. 

 

Table 2.1. Studies concluding the effects of different dietary components on different 

intestinal bacterial groups by FISH. 

 

Dietary component 
Positively affected 

bacterial groups 

Negatively affected 

bacterial groups 
Reference 

Grape seed extract 
Lactobacillus, 

Enterococcus 
C. histolyticum [13] 

Dahlia inulin 
R. flavefaciens, R. 

bromii, E. cylindroides 
- [49] 

Oolong polyphenols 

Bifidobacterium, 

Lactobacillus-

Enterococcus 

Bacteroides–Prevotella, 

C. histolyticum, 

Clostridium-

Eubacterium 

[14] 

Anthocyanins 

Bifidobacterium, 

Lactobacillus-

Enterococcus 

- [30] 
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Red wine extract  C. histolyticum [31] 

(+)-catechin 

C. coccoides–E. rectale, 

Bifidobacterium, 

E. coli 

C. histolyticum [45] 

(-)-epicatechin C. coccoides–E. rectale - [45] 

High-cocoa flavanol 
Bifidobacterium, 

Lactobacillus 
Clostridium [44] 

Pomegranate by-product 

Total bacteria, 

Bifidobacterium, 

Lactobacillus 

- [46] 

Black tea - Total bacteria [47] 

Isomaltooligosaccharides Bifidobacterium - [12] 

Fructo-oligosaccharides Bifidobacterium - [12] 

Cocoa - 

Bacteroides, 

Clostridium, 

Staphylococcus 

[19] 

Blackcurrant extract 
Bifidobacterium, 

Lactobacillus 

Bacteroides, 

Clostridium 

 

[20] 

  

2.3.2.4.  PCR-Denaturing/Temperature Gradient Gel Electrophoresis (PCR-

DGGE/TGGE) 

 

PCR-DGGE/TGGE are semi quantitative molecular fingerprinting methods that allow 

detection of microbial diversity. In DGGE, amplified 16S rDNA gene samples by PCR are 

separated in gels including gradient of chemical denaturing agents. During PCR, a GC-

clamp is added to amplicons in order to prevent complete denaturation while DGGE 

process. After gel separation, bands in different positions appear according to their 

different denaturation rates, indicating different bacterial species [50]. Similarly, the 

principle of TGGE is based on temperature gradient instead of chemical gradient [36]. 

DGGE/TGGE are useful and fast methods for microbial community profiling. Likewise, 

separated bands can be used for further studies [33]. However, these methods are not 

sensitive enough for sub-dominant species detection and similar melting points of different 
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DNA fragments may cause false outcomes [36, 50]. Furthermore, these techniques lack 

quantification and phylogenetic identification properties [4, 36]. That’s why, DGGE and 

TGGE methods are generally performed in combination of other culture-independent 

methods such as NGS and Q-PCR. 

 

Several studies are present regarding the effects of different dietary components such as 

polyphenols [11, 24, 47, 51] and oligosaccharides [35, 52-54] on gut microbial community 

profile by PCR-DGGE/TGGE. Recently, Nakatsu et al. [51] determined the effects of soy 

isoflavones on gut microflora of postmenopausal women in an in-vivo study. For microbial 

community profiling, PCR-DGGE and pyro-sequencing was performed. DGGE results 

show that although there was a high inter-individual variation in intestinal microbial 

communities, significant differences were obtained when samples before and after diet 

were compared. However, differences of bacterial numbers between treatments could be 

observed by additional methods such as pyro-sequencing, in this case. In the study of 

Queipo-Ortuńo et al. [24], DGGE as well as Q-PCR were performed to analyze the effects 

of red wine polyphenols on human gut microbiota in an in-vivo study suggesting that 

although DGGE could detect the variations of bacterial composition between samples, 

additional quantitative analysis of gut microbiota are needed. 

 

2.3.2.5.  Quantitative Real-time PCR (Q-PCR) 

 

Q-PCR is a quantitative method in which fluorescence labeled probes such as Taqman 

probes or nonsequence-specific DNA-binding dye like SYBR green are used during 

amplification process. These fluorophores are captured by the thermal cycler device and 

converted to data by the software. This system allows continuous measurement and 

quantification of target DNA [36].  Q-PCR is the most powerful method for bacterial 

quantification and it has been widely used due to its rapidness, high accuracy, high 

sensitivity, relatively low cost, and high specificity [4, 37]. However, there are some 

limitations of Q-PCR analysis. Nucleic acid extraction efficiency of Q-PCR template is an 

important parameter since low DNA efficiency may lead to biased Q-PCR results. The 

presence of PCR inhibitors is another parameter leading underestimated results. Moreover, 

primer design is a parameter that has to be taken into account as primer design might affect 

primer specificity and hybridization efficiency, affecting quantitative assessments. Also, 
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Q-PCR is inapplicable for unknown species of microbial population due to its dependence 

on the primer design [33, 36]. 

 

Several Q-PCR studies were conducted for quantification of gut microbial communities 

and determination of the effects of dietary components on gut microbiota in in-vitro [11, 

17, 52, 54, 55] and in-vivo human intervention [18, 24, 48, 56] as well as animal studies 

[53, 57-61] as presented in Table 2.2. Studies analyzing the effects of different dietary 

compounds such as arabinogalactan, fructo-oligosaccharides and inulin, as well as plant 

sources of dietary compounds such as gold & green kiwifruit, red wine and green tea on 

gut microbial groups suggested that Q-PCR is a powerful method for quantification of gut 

bacterial groups. 

 

Representatively, in-vitro batch fecal fermentation of gold and green kiwifruit lead to 

higher numbers of Bifidobacterium and Bacteroides-Prevotella-Porphyromonas groups 

compared to control fermenter cultures [55] Continuous fermentation models also studied 

the effects of different food compounds on gut microbial groups [11, 17, 52, 54]. While 

black tea and red wine grape extract supplementation stimulated the growth of Klebsiella, 

Enterococcus, Alistipes, Cloacibacillus, Victivallis and Akkermansia groups [11], 

arabinogalactan supplementation increased the numbers of Bacteroidetes, 

Faecalibacterium prausnitzii and Bifidobacterium groups and total bacterial count [52] 

compared to non-treated time interval in continuous fermentation systems. Moreover, 

fructo-oligosaccharide [52] and inulin supplementation [54] in continuous fermentation 

systems lead to higher numbers of Lactobacillus and Bifidobacterium groups, respectively 

compared to non-treated time interval. On the other hand, black tea and red wine grape 

extract supplementation inhibited the growth of Bifidobacterium, C. coccoides, 

Anaeroglobus, Victivallis, Subdoligranulum, and Bacteroides groups in SHIME 

fermentation model [11]. While red wine inhibited the growth of total bacterial count [17], 

the presence of arabinogalactan lead to lower numbers of group C. perfringens [52] in 

continuous fermentation systems, compared to washout period. 

 

In an in-vivo human intervention study, increase in the growth of Enterococcus, Prevotella, 

Bacteroides, Bifidobacterium, Bacteroides uniformis, Eggerthella lenta and C.coccoides–
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E. Rectale groups was observed after the ingestion of red wine polyphenols containing 

catechin, epicatechin and gallic acid compared to placebo treatment [24].  

 

Moreover, animal studies showed that diet rich in pectic oligosaccharides [53], conjugated 

linoleic acid and saponins from ginseng [58] stimulated the growth of Bacteroides and 

Prevotella groups in mice. While intervention of pectic oligosaccharides [53] and saponins 

from ginseng [58] stimulated the growth of Bifidobacterium group, pectic oligosaccharides 

[53], conjugated linoleic acid [57] and saponins from ginseng and Gynostemma 

pentaphyllum [58] stimulated the growth of Roseburia, Akkermansia muciniphila, 

Lactobacillus and F. prausnitzii respectively in mice. On the other hand, diet rich in 

conjugated linoleic acid [56] and fermented green tea extract [61] inhibited the growth of 

Bifidobacterium group and Firmicutes/Bacteroidetes ratio respectively in mice, compared 

to non-ingested mice.  

 

Those studies revealed that different food sources lead to different impacts on gut 

microbiota suggesting that bioactive compounds might have possible stimulative or 

inhibitive effects on gut microbial groups. 

 

Table 2.2. Studies concluding the effects of different dietary components on different 

intestinal bacterial groups by Q-PCR. 

 

Dietary 

component 

Positively affected 

bacterial groups 

Negatively affected 

bacterial groups 
Reference 

Red wine - Total bacteria [17] 

Black tea 
Klebsiella, Enterococcus, 

Akkermansia 

Bifidobacterium, C. 

coccoides, Anaeroglobus, 

Victivallis 

[11] 

Red wine grape 

extract 

Klebsiella, Alistipes, 

Cloacibacillus, Victivallis, 

Akkermansia 

Bifidobacterium, C. 

coccoides, Anaeroglobus, 

Subdoligranulum, 

Bacteroides 

[11] 

Arabinogalactan Total bacteria, C. perfringens [52] 
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Bacteroidetes, 

Faecalibacterium 

prausnitzii, 

Bifidobacterium 

Fructo-

oligosaccharides 
Lactobacillus - [52] 

Gold & green 

kiwifruit 

Bifidobacterium, 

Bacteroides-Prevotella-

Porphyromonas 

- [55] 

Inulin Bifidobacterium - [55] 

Inulin Bifidobacterium - [54] 

Red wine 

Enterococcus, Prevotella, 

Bacteroides, 

Bifidobacterium, 

Bacteroides uniformis, 

Eggerthella lenta, C. 

coccoides–E. rectale 

- [24] 

Pectic 

oligosaccharides 

Bifidobacterium, 

Roseburia, Bacteroides 
- [53] 

Conjugated 

linoleic acid 

Bacteroidetes-Prevotella, 

Akkermansia 

muciniphila 

Bifidobacterium [57] 

Saponins of 

ginseng 

Bacteroides, Lactobacillus, 

Bifidobacterium 
- [58] 

Saponins of 

Gynostemma 

pentaphyllum 

F. prausnitzii - [58] 

Fermented green 

tea extract 
- 

Firmicutes/Bacteroidetes 

ratio 
[61] 
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2.3.2.6.  Next Generation Sequencing (NGS) 

 

Next generation sequencing based on determining the nucleotide order in DNA of whole 

genome, is a powerful method to analyze microbial composition and diversity with high-

throughput efficiency, sensitivity and high speed [36, 37]. However, computational 

downstream analyses of data are needed [37]. Despite the growth in output-per-cost ratio, 

high cost of genome sequencing is still a critical drawback for NGS [62]. 

 

There are several studies in which NGS technology is used for phylogenetic identification 

of gut microbiota [8, 11, 51, 53, 54, 62, 63]. Nam et al. [63] aimed to investigate the 

intestinal microbiota composition of Korean people and to compare with Japanese, Chinese 

and American individuals by 454-pyrosequensing. Results show that gut microbiota of 

Korean people were dominated by Actinobacteria, Bacteroidetes, Firmicutes, 

Fusobacteria and Proteobacteria and overall microbial composition of Korean people was 

stable despite individual variations. When gut microbial composition of Korean people was 

compared with individuals from China, Japan and USA, intestinal microflora of each 

country included Firmicutes, Bacteroidetes and Actinobacteria. However the proportion of 

those phyla differed between countries. As a result, overall gut microbial composition of 

Korea was the same with other countries although there are some proportional changes that 

thought to be related to diet.  

 

Furthermore, Kemperman et al. [11] investigated the effects of black tea and red wine 

grape extract polyphenols on gut microbial diversity by NGS and compared to PCR-DGGE 

in an in-vitro fermenter model. Pyro-sequencing results indicate that there is a shift in 

Firmicutes:Bacteroidetes ratio for both samples containing either black tea or red wine 

grape extract, concluding that different polyphenol complex have different impacts on gut 

microbiota. DGGE was able to analyze microbial community composition as well, in a 

simpler and more cost effective way, however NGS method gives more profound results 

for microbial community profiling. 



15 
  
 

  

2.4.  INTERACTION OF POLYPHENOLS AND GUT MICROBIOTA 

Polyphenols are one of the most studied metabolites for the analysis of the effects on gut 

microbiota [11, 13, 14]. Polyphenols are secondary metabolites of edible plants. Food 

products containing polyphenols are fruits, tea, coffee, wine, chocolate, vegetables, cereals 

etc. [13, 64]. The effects of polyphenols on human gut microbiota have become one of the 

researches of interest in recent years due to their health benefits and wide range of 

contents.  

 

There are two mechanisms of interaction between polyphenols and human gut microbiota: 

(i) Human gut microbiota is able to catalyze reactions for degradation and conversion of 

polyphenols so that the formed metabolites are more easily absorbed from intestine, (ii) 

Formed phenolic metabolites can affect the composition of gut microbiota acting as growth 

stimulator and/or inhibitor [6, 9].  

 

Many studies indicate that the intestinal microbiota plays an important role in the 

metabolism of polyphenols, which is done by biotransformation of polyphenols followed 

by decomposition of compounds with the help of intestinal bacteria forming aglycones [11, 

13, 14, 65]. Although aglycon form of polyphenols are absorbed from small intestine, most 

of the polyphenols are in the form of esters, glycosides or polymers in nature and are not 

able to be absorbed from small intestine [65]. Esterification, glycosylation and 

polymerization combined to molecular weight are parameters affecting intestinal 

absorption of polyphenols [66]. Esterification may occur in catechins by gallic acid and in 

caffeic acid by quinic acid [66]. Researches indicate that recovery of esterified catechins in 

urine was 10- fold lower than non- esterified cathecins. Lower absorbtion and recovery 

was also observed for esterified caffeic acid. Most phenolics except catechins and 

proanthocyanidins are found in glycosylated forms [66]. While it is known that 

glycosylated polyphenls such as rhamnosides of quercetin have lower absorption rates in 

intestine, some studies indicate that glycosylated polyphenols such as quercetin glycosides 

have higher absorption rate than deglycosylated form. Some of the polyphenols are present 

in polymerized form in nature. Previous studies stated that high molecular weight and 

polymerization of proanthocyanidins and tea theaflavins resulted lower absorption in 
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intestine and recovery in urine. Therefore, these substances need intestinal microflora to be 

hydrolyzed, deglycosylated or cleaved by enzymes to be absorbed [65].  

 

According to studies, gut microbial groups are known to transform those polyphenols by 

secretion of specific enzyme. For instance, Eubacterium rectale and Bacteroides fragilis 

are known to hydrolyze isoflavones, flavonols, anthocyanins, ellagitannins and lignans by 

glycosidase activity [7, 9]. Moreover, Lactobacillus and Clostridium species are capable of 

demethylase activity for demethylation of flavonols, flavan-3-ols, anthocyanins and 

lignans. Gut bacteria are also capable of dihydroxylation and fission activities of different 

phenolic compounds [7, 9]. 

Although the mechanism is not yet well known, gut bacteria such as C. coccoides-E. 

rectale group, Bacteroides and Streptococcus species, Lactobacillus and Enterococcus 

species are known to metabolize phenolic compounds, especially flavonoids such as 

quercetin, catechin and epicatechin by transforming them into smaller metabolites for ease 

their absorption [7, 9, 13, 14]. 

 

Microbial bioconversion and metabolism of polyphenols are performed as gut bacteria 

might use polyphenols or their degradation products as energy source for growth. This 

property of polyphenols make them potential prebiotics on related bacterial groups [13, 14, 

24, 31, 44]. However antimicrobial properties of polyphenols are also stated in the studies. 

For instance, quercetin and other flavonols inhibited the growth of Escherichia coli by 

inhibiting the ATPase activity. Quercetin is also known to cause cell membrane disruption 

and diminished cell motility [7, 67]. Bacterial growth inhibition by cell membrane 

disruption as well as membrane transport inhibition have been also noted in the study of 

tea polyphenols [68]. 

2.5.  TEA POLYPHENOLS 

Tea, produced from leaves of Camellia sinensis, is one of the polyphenol-rich sources. 

Polyphenols in tea are dominated by flavonoids such as epicatechin (EC), epicatechin 

gallate (ECG), epigallocatechin (EGC) and epigallocatechin gallate (EGCG), and 

theaflavins (THF) as well as phenolic acids such as gallic acid, alkaloids such as 

methylxanthines, non-proteic amino acids such as gamma-aminobutyric acid (GABA) and 
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polyamines [69, 70]. However, compositions of plant nutrients change among regions due 

to the differences in soil and water as well as among manufacturing process affecting 

intestinal microbiota of individuals differently. 

 

During manufacturing, variation in processing of teas leads to changes in composition of 

different types of teas. Teas such as green, black, oolong, white, yellow and pu-erh are 

manufactured by different rates of oxidative processing leading to oxidation and partial 

polymerization of flavan-3-ols to theaflavins and thearubigins [70, 71]. Green tea which is 

the minimally processed one is therefore dominated by catechins. In contrast, the most 

oxidized tea which is black tea is dominated by theaflavins and thearubigins making 60-

70% of total phenolic content [68, 70]. Table 2.3 indicates the differences in phenolic 

contents between green tea and black tea. 

 

Table 2.3. Comparison of phenolic contents of green tea and black tea [70]. 

 

 Green tea Black tea 

EGCG 184.0 mg 22.0 mg 

EGC 40.0 mg 19.0 mg 

EC 20.0 mg 5.0 mg 

Flavonol derivatives 9.0 mg 8.0 mg 

Theaflavins 0.2 mg 14.4 mg 

Thearubigins 2.6 mg 192.7 mg 

2.6.  ANALYSIS OF EFFECTS OF HUMAN GUT MICROBIOTA ON TURKISH 

BLACK TEA POLYPHENOLS 

Turkish black tea is one of the most consumed beverages in Turkey. Though there are 

studies regarding the effect of black tea on microbial composition of gut, studies 

concerning the relation of Turkish black tea with human gut microbiota of a Turkish 

individual is not yet well studied. Metabolism of Turkish black tea polyphenols (BTP) by 

human gut microbiota was examined in the study of Özcan [72]. In this study, pH 

controlled (pH 6,8) in-vitro batch fermenters (135 mL) were used to mimic the intestinal 

conditions in the presence or absence of Turkish black tea extract (1000 mg/L) with fecal 
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samples collected freshly from one healthy male volunteer. Tea extract without fecal 

sample was used as a control to observe whether degradation of polyphenols occur 

spontaneously or by gut microbiota. The fermenters were run at 37°C under flowing 

nitrogen with slow agitation for 48 h. During fermentation, samples were collected at 7 

time points (0, 4, 8, 10, 24, 30, 48 h) from every reactor for analysis of degradation 

compounds. While profile of polyphenols (catechins, gallic acid, and theaflavins) of 

fermenter cultures were analyzed using HPLC-PDA, degradation products in fermenter 

cultures were determined by GC-MS analysis. Plate counting was performed to analyze the 

bacterial composition (total anaerobes, total aerobes, total coliforms, Lactobacillus spp., 

Clostridia group, Enterobacteria group, and Staphyloccus aureus) in fermenter samples 

collected at time 0 and 48 h. 

 

HPLC-PDA results showed that in black tea added fecal samples; total catechins, gallic 

acid and theaflavins were degraded after around 8 to 10 h of fermentation and remained 

fully degraded till the end of 48 h. However, in control samples degradation rates were 

much slower and the rate was around 40 to 60% even at the end of fermentation. GC-MS 

analysis of degradation products showed that while pyrocatechol and pyrogallol were 

initially not present in fermenter samples, they formed after 4 h fermentation, reaching 

their highest concentrations after 24 h followed by decrease of pyrogallol till the end of 

fermentation. 4-hydroxyphenylacetic acid and 3-(3-hydroxyphenyl) propionic acid 

concentrations increased in black tea added fecal cultures but remained absent in fecal 

samples lacking tea extract till the of fermentation. The results of bacterial community 

analysis did not reveal conclusive effects as plate counts were done only with samples 

collected in the beginning (0 h) and at the end (48 h) of fermentation. This study showed 

that colonic microbiota had a potency to transform and increase digestion of Turkish BTP 

by degrading into smaller and more easily absorbed polyphenol compounds [58].  

2.7.  AIM OF THE STUDY 

The aim of this study was to evaluate possible influence of Turkish black tea polyphenols 

on the colonic microflora of a Turkish individual in in-vitro batch fermenter fecal cultures 

by using real-time PCR & FISH for bacterial quantification and bacterial composition 

analysis. By this research, microbial community shifts in gut of the Turkish individual, 
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affected by Turkish black tea polyphenols were analyzed. The results were compared with 

the previous work to conclude whether black tea polyphenol metabolites had interaction 

with gut microbiota, or not. 
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3.  MATERIALS AND METHODS 

 

3.1.  SAMPLES  

Samples were provided from the previous work of Özcan [72], which were from pH 

controlled (pH 6.8) in-vitro batch fermenters carried out with freshly collected fecal 

samples of a Turkish individual in basal medium under anaerobic conditions at 37°C for 48 

h in the presence (1000 mg/L) (R1) and absence of black tea extract (R2). Fermentation 

was performed in triplicate (F1, F2 & F3) with fecal material obtained from the same 

person at different times. Samples collected from fermenters at 7 time points (0, 4, 8, 10, 

24, 30, 48 h) were kept at -80
o
C until analysis. 

3.2.  QUANTIFICATION OF BACTERIAL GROUPS BY REAL-TIME 

POLYMERASE CHAIN REACTION (PCR) 

3.2.1.  Bacterial Strains and Culture Conditions  

 

Reference strains; Atopobium parvulum ATCC 33793, Bacteroides fragilis ATCC 25285, 

Bifidobacterium bifidum ATCC 11863, Clostridium coccoides ATCC 29236, Enterococcus 

faecalis ATCC 19433, Escherichia coli ATCC 25922 and Lactobacillus acidophilus 

ATCC 4356, used for preparation of standard curves were cultivated according to bacterial 

culture guide of ATCC. Briefly, lyophilized cells were suspended in 0.5 mL of appropriate 

growth media and then 0.25 mL of suspensions were added into 3 mL of appropriate broth. 

Cultures were grown at 37
o
C under appropriate conditions as indicated at Table 3.1. 

  

Table 3.1. Growth media and culturing conditions for bacterial strains used in Q-PCR as 

standards 

 

Reference strains Growth media Culturing conditions 

Atopobium parvulum ATCC 33793 

Gifu anaerobic medium (GAM) 

agar/GAM broth (Hyserve, 

Germany) 

Anaerobic, 48 h 

Bacteroides fragilis ATCC 25285 GAM agar/GAM broth Anaerobic, 48 h 
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Bifidobacterium bifidum ATCC 11863 

Brain Hearth Infusion agar 

(GBL, Turkey)/Reinforced 

Clostridium broth (Oxoid, 

UK) 

Anaerobic, 24 h 

Clostridium coccoides ATCC 29236 GAM agar/GAM broth Anaerobic, 48 h 

Enterococcus faecalis ATCC 19433 

Tryptic soy agar (TSA) / Tryptic 

soy broth (TSB) (LabM, 

UK) 

Aerobic, 24 h 

Escherichia coli ATCC 25922 TSA/ TSB Aerobic, 24 h 

Lactobacillus acidophilus ATCC 4356 
MRS agar/ MRS broth (LabM, 

UK) 
Aerobic with 5% CO2, 72 h 

 

The purities of the cultures were checked by transferring several drops of culture on agar 

media. After second activation of cultures by transferring 1 mL of activated culture on 5 

mL fresh broth media, DNAs from each culture were extracted with QIAamp DNA mini 

kit (Qiagen, Germany). Stock cultures were prepared by adding 100% glycerol into broth 

cultures with a final 20 % glycerol concentration, dividing cultures into cryo-vials and 

storing at -80
o
C until further usage. 

 

3.2.2.  DNA Extraction From Bacterial Cultures and Fermenter Samples 

 

DNA extraction from reference bacterial cultures stated above was performed by using 

QIAamp DNA Mini Kit (Giagen, Germany), following manufacturer’s instructions. On the 

other hand, DNA extraction from fermenter samples was performed by using QIAamp 

DNA stool mini kit (Qiagen, Germany) with slight modifications. Briefly, fermenter 

samples (100-400 μL) stored at -80
o
C were transferred into 2 mL microcentrifuge tubes 

containing 4-5 glass beads and washed 2 times by suspending them in 1 mL phosphate 

buffered saline (PBS) (Gibco, USA), spinning down at full speed for 5 min afterwards. 

Silica beads (0.3 g of 0.1 mm diameter and 0.1 g of 0.5 mm diameter) and 1.4 mL ASL 

buffer were added onto pellets and vortexed until the sample was completely 

homogenized. Then, the suspensions were incubated at 95 C for 5 min, vortexed briefly 

and bead beated with benchtop homogenizer (MP Bio, USA) for 3 cycles with the speed of 

7 for 1 min each. Samples were centrifuged at full speed for 1 min, 1.2 mL of the 

supernatant was transferred into new 2 mL microcentrifuge tubes and kit procedure was 

followed. Isolated DNAs from both bacterial culture and fermenter samples were 

suspended in 50 µL AE buffer and run on 1.5 % agarose gel to check the qualities. The 

concentrations of DNA samples were determined by absorbance at 260 nm with NanoDrop 
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spectrophotometer (Thermo Scientific, USA) and were stored at -20
o
C until further 

analysis. 

 

3.2.3.  Standard Curve Preparation 

 

In order to create standard curves (cycle threshold value (Ct) vs. gene copy number) for Q-

PCR analysis, serial dilutions (10 fold dilutions from 10 ng/μL to 10
-5

 ng/μL) of extracted 

DNAs from Atopobium parvulum ATCC 33793, Bacteroides fragilis ATCC 25285, 

Bifidobacterium bifidum ATCC 11863, Clostridium coccoides ATCC 29236, Enterococcus 

faecalis ATCC 19433, Escherichia coli ATCC 25922 and Lactobacillus acidophilus 

ATCC 4356 reference strains were used for Atopobium, Bacteroides-Prevotella-

Porphyromonas, Bifidobacterium, Clostridium coccoides, Enterococcus, 

Enterobacteriaceae and Lactobacillus group standards, respectively. For universal bacteria 

quantification, E. coli ATCC 25922 was used since experiment conditions for universal 

bacterial primers were generally arranged according to E. coli strains in studies [73, 74]. 

 

To insert the values into standard curves, number of gene copies in a known amount of 

DNA for each bacterial group was calculated as below [67]: 

 

          Gene copy = amount of DNA (ng)  x 
6.022 x 1023

genome size (base pair/bp) x 650 (g)
 x 

1 (g)

109 (ng)
       (3.1) 

 

Genome sizes for each bacteria indicated in formula 3.1 were obtained from NCBI 

database. The following average genome sizes for each bacterial group were used: 3 Mb 

for Atopobium and Enterococcus, 4 Mb for Bacteroides-Prevotella-Porphyromonas and C. 

coccoides, 2.3 Mb for Bifidobacterium, 4.6 Mb for Enterobacteriaceae and 2.9 Mb for 

Lactobacillus group [75, 76]. 650 g in formula 3.1 states that the average weight of a bp 

was assumed as 650 Daltons, meaning that one mole of a bp weighs 650 g [74]. It was also 

assumed that each bacterial cell consisted 1 copy of 16S rDNA gene (ignoring multiple 

gene copies) [74].  
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3.2.4.  Q-PCR Primer Design and Reaction Conditions  

 

Primer specificities and Q-PCR reaction conditions for each primer set were chosen by 

performing gradient PCR with each primer set, using appropriate standard DNAs from 

pure bacterial cultures stated above as targets and running PCR products on 2% agarose gel 

afterwards. PCR with non-target bacterial DNAs were also performed to check any 

unspecific binding of primers. Properties of primer sets targeting different bacterial groups 

of gut microbiota were shown in Table 3.2.  

 

Table 3.2. 16S rDNA gene-targeted group-specific primers 

 

Target bacterial 

group 

Sequence 

(5'-3') 

Amplicon 

size 

(bp) 

Annealing 

temp. 

(C
o
) 

References 

Atopobium 
F: GGGTTGAGAGACCGACC 

R: CGGRGCTTCTTCTGCAGG 
190 55 [77] 

Bacteroides-

Prevotella-

Porphyromonas 

F: GGTGTCGGCTTAAGTGCCAT 

R:CGGA(C/T)GTAAGGGCCGTGC 
140 60 [76] 

Bifidobacterium 
F: GGGTGGTAATGCCGGATG 

R:TAAGCGATGGACTTTCACACC 
278 60 [78] 

Clostridium 

coccoides 

F: AAATGACGGTACCTGACTAA 

R:CTTTGAGTTTCATTCTTGCGAA 
440 55 [77] 

Enterobacteriaceae 

F:GTTGTAAAGCACTTTCAGTGGTG

AGGAAGG 

R:GCCTCAAGGGCACAACCTCCAA

G 

424 60 [79] 

Enterococcus 
F:CCCTTATTGTTAGTTGCCATCATT 

R: ACTCGTTGTACTTCCCATTGT 
144 62 [76] 

Lactobacillus 
F: AGCAGTAGGGAATCTTCCA 

R: CACCGCTACACATGGAG 
341 62 [76] 

Universal bacteria 

F: TCCTACGGGAGGCAGCAGT 

R:GGACTACCAGGGTATCTAATCCT

GTT 

466 60 [80] 

 

Bacterial quantification of fermenter samples by Q-PCR was performed with Rotor-Gene 

Q real-time PCR cycler (Qiagen). Fermenter samples and standards were run at the same 

reaction as well as with negative control and no template control (NTC) to avoid any false-

positive results. Each reaction mixture (12 μL) consisted of 2 μL DNAse RNAse free 

ddH2O (Gibco, USA), 1 μL of 10 μM forward and reverse primers of target bacterial group 
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each, 6 μL SYBR Green (Applied Biosystems, USA), 0.1 μg/μL BSA (Ambion, USA) and 

2 μL extracted fermenter DNA samples at appropriate dilutions. The thermal cycling 

conditions were as follows: an initial DNA denaturation step at 95
o
C for 10 min followed 

by 40 cycles of denaturation at 95
o
C for 15 seconds and annealing at optimal temperature 

(Table 3.1) for 60 s. To determine specificity, melting curve analysis was performed by 

slow heating from 65 to 95
o
C (1

o
C per cycle of 5 s) with simultaneous fluorescence 

collection. All reactions were performed in triplicate. 

 

3.2.3.  Data Analysis 

 

In order to obtain data from Q-PCR quantification, standard curves for each bacterial group 

were sketched by the software program with entered gene copy numbers stated above. A 

representative standard curve (cycle threshold vs. gene copy number) is given in Figure 

3.1. 

 

 

 

Figure 3.1. Representative Q-PCR standard curve for Enterococcus group. Blue dots 

represent standard samples and red dots represent fermenter samples. 

 

As indicated by formula 3.2, to calculate number of bacterial cells per mL feces, gene copy 

numbers obtained from standard curves for each bacterial group were multiplied by the 

volume of extracted DNA from each sample (μL) and then divided by the volume of DNA 

used in PCR reaction (μL) and the volume of fermenter sample from which DNA was 

extracted (mL). The equation for calculating number of cells per mL feces is stated below 

[81]: 
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         number of cells/mL =
gene copy x volume of isolated DNA (μL)

volume of DNA per reaction (μL) x volume of the sample (mL)
        (3.2) 

 

“Index of specific bacteria (ISB)” was used to determine the changes in bacterial 

population, by the equation below: 

 

                                     ISB = [(Ns (T1) - Ns (T0)) - (Nc (T1) - Nc (T0)]                            (3.3) 

 

In formula 3.3, Ns indicates the number (log10) of bacteria in fermenter sample treated 

with black tea extract, Nc is the number (log10) of bacteria in control sample, T1 is a 

specific time point and T0 is the 0 h time point [45]. 

3.3.  BACTERIAL COMPOSITION ANALYSIS BY FLUORESCENT IN-SITU 

HYBRIDIZATION (FISH) 

3.3.1. Hybridization Protocol 

 

For FISH analysis, oligonucleotide probes labelled with Cy3 dye, targeting 16S rDNA 

genes were used. The studied bacterial groups were Bacteroides-Prevotella group, 

Bifidobacterium group, Clostridium coccoides-Eubacterium rectale group & 

Lactobacillus−Enterococcus group and total bacteria. The properties of bacterial probes 

used in FISH study are indicated in Table 3.3.  

 

The assay was performed with 500µL previously fixed (with 4 % paraformaldehyde) 

fermenter samples from the study of Özcan [72]. FISH procedure was performed as 

described by Hidalgo et al. [30] with slight modifications. Briefly, 50 μL of fixed samples 

stored at −20 °C were washed twice with PBS to reduce background noise and sonicated 

for 1 min. After diluting appropriately, 20 μL of samples were transferred onto wells of 

teflon and poly-L-lysine-coated 10-well slides (EMS, USA) and dried on a hotplate (Wisd 

Laboratory Instruments, Ireland) at hybridization temperature. Dried slides were then 

dehydrated in 50%, 80%, and 100% (v/v) ethanol series for 3 min each and allowed to dry. 

For gram positive bacteria, dried cells were treated with 20 μL of lysozyme solution (1 

mg/mL in 100 mM Trizma HCl pH 7.2) at room temperature for 15 min to increase cell 

permeability, before dehydration in ethanol series. 
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     3.3.  FISH oligonucleotide probes used in this study [30] 

 

Probe Target bacterial group Sequence (5'-3') 

Temperature 

(hybridization-

wash) 

(°C) 

Bac 303 
Bacteroides-Prevotella 

 group 
CCAATGTGGGGGACCTT 46-48 

Bif 164 Bifidobacterium group CATCCGGCATTACCACCC 50-50 

Erec482 
Clostridium coccoides-

Eubacterium rectale group 
GCTTCTTAGTCARGTACCG 50-50 

Lab 158 
Lactobacillus−Enterococcus  

group 
GGTATTAGCAYCTGTTTCCA 50-50 

EUB 338* Total bacteria GCTGCCTCCCGTAGGAGT 46-48 

EUB338II* Total bacteria GCAGCCACCCGTAGGTGT 46-48 

EUB338III* Total bacteria GGTCGGTCTCTCAACCC 46-48 

 

*These probes are used together in equimolar concentrations 

 

Five µL of 50 ng/µL target probes and 20 µL of hybridization mixture containing 0.9 M 

NaCl, 20 mM Tris-HCl and 0.1 % SDS (pH 7.2) were added onto the surface of each well 

and the slides were left overnight to hybridize at appropriate temperature. After 

hybridization, slides were transferred to pre-warmed wash buffer containing 0.9 M NaCl, 

20 mM Tris-HCl and 50 ng/mL DAPI solution and incubated at hybridization temperature 

for a further 15 min. Thereafter, slides were dipped into ice-cold distilled water for 2−3 s 

and 5 µL of antifade solution (DABCO (Sigma, USA)) was added to each well. The slides 

were covered with coverslips and stored in the dark at 4°C until examination. Hybridized 

cells were examined under Confocal Microscope (Zeiss, Germany) with 100x 

magnification. 10 random fields were viewed for image analysis. 

 

3.3.2. Image analysis 

 

The images were analyzed with ImageJ program, using “analyze particles” tool for co-

localized images of Cy3 and DAPI labeled cells. Images containing cell aggregates, 
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considered as over quantification range (3% of total images), were counted manually. The 

following equation was used to calculate bacterial cells in per mL sample: 

 

                            Cells / mL sample = N x 2 x 6924.54 x 50 x q                                   (3.4) 

 

In formula 3.3; N indicates the average number of counted cells, 2 is the dilution factor 

during fixation steps, 6924.54 is the magnification constant, 50 is the constant used to 

work the value back to 1 mL from the amount added onto slides and q is the dilution factor 

[82]. Same as Q-PCR analysis, “Index of specific bacteria (ISB)” (equation 3.3) was used 

to determine the changes in bacterial population [45]. 

3.4.  STATISTICAL ANALYSIS 

To determine the effects of studied factors (time and treatment), two-factor repeated-

measures analysis of variance (ANOVA) was used with time and treatment as two factors. 

Two-sample t-test was used to assess the significant differences between treatments (R1 

and R2) at the same time point. To determine significance for reactors of each fermentation 

experiment, one way analysis of variance (ANOVA) followed by Tukey’s test for multiple 

comparison with time within same treatment samples was conducted. P values of 0.05 and 

0.01 were used for the level of significance of the tests. Statistical analyses were performed 

with IBM SPSS 20.0 version. 
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4.  RESULTS 

 

 

The effects of BTP on gut microbiota in in-vitro fecal fermentations during 48 h were 

examined by using Q-PCR and FISH analysis to investigate bacterial composition in 

fermenter samples. 

4.1.  QUANTIFICATION OF BACTERIAL GROUPS BY Q-PCR ANALYSIS 

4.1.1.  Evaluation of Results of Q-PCR Analysis for Each Fermentation Experiment 

 

Q-PCR analysis was performed to determine the numbers of bacterial groups of fermenter 

samples in presence (R1) or absence (R2) of black tea extract in triplicate fermenter 

cultures (F1, F2, F3) with fecal samples obtained from the same person at different time 

periods. 

 

In the absence of black tea extract, (F1/R2) (control samples) in the first fermenter, all 

bacterial groups except Enterobacteriaceae group showed stable patterns during 48 h 

fermentation with less than 1 log cells/mL feces difference (Figure 4.1.a). 

Enterobacteriaceae group counts showed significant decrease in 4
th

 and 10
th

 h till 8.69 log 

cells/mL feces followed by a significant increase to 9.43 log cells/mL feces in 30
th

 h. 

While Lactobacillus group was found as the most abundant (approx. 10
9
 cell/mL feces) 

bacterial group, Enterococcus group was the least abundant (~ 10
6
 cell/mL feces) bacterial 

group. 

 

When black tea extract was added  into fermenter (F1/R1), less than 1 log changes were 

screened in numbers of Atopobium, Bacteroides-Prevotella-Porphyromonas, 

Bifidobacterium, C. coccoides groups and total bacterial count (log cells/mL feces) of 

F1/R1 samples compared to F1/R2 samples (Figure 4.1.a-b). Different than control 

samples (F1/R2), a 2 log difference was screened in Enterobacteriaceae group in black tea 

added samples (F1/R1) after 8 h of incubation (P<0.01). Furthermore, log cell counts of 

Enterococcus group increased to over 10
6
 cells/mL feces in R1 sample in 24, 30 and 48 h, 

where those log cell counts were under 10
6
 cells/mL feces in control (F1/R2) samples. Cell 
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counts of Lactobacillus group also increased to 10
10 

cells/mL feces in R1 samples in all 

time points, where cell counts were under 10
10 

cells/mL feces in control samples (Figure 

4.1.b). 
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Figure 4.1. Bacterial profile of 48 h fecal fermenter cultures in fermenter 1 (F1) (a) in the 

absence of black tea extract and (b) in the presence of black tea extract. Columns indicate    

:Atopobium,    :Bacteroides-Prevotella-Porphyromonas,    :Bifidobacterium,    :C. 

coccoides,    :Enterobacteriaceae,    :Enterococcus,    :Lactobacillus group and    :total 

bacteria, respectively. Values are means ± SD of three experimental replicates. 
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In control samples of second fermenter cultures (F2/R2); Atopobium, Bacteroides-

Prevotella-Porphyromonas, C. coccoides, Lactobacillus groups and total bacterial count 

showed slight alterations in log cell numbers during 48 h fermentation with less than 1 log 

difference (Figure 4.2.a). In Bifidobacterium group, there was an increase in 8
th

 h (P<0.01) 

which remained until the end of fermentation. Like F1/R2 culture, Enterobacteriaceae and 

group Enterococcus groups showed alternating patterns with significant increase with more 

than 1 log cells/mL feces till 8
th

 h of fermentation.  Moreover, C. coccoides group counts 

declined significantly in 4
th

, which was followed by an significant increase in 24
th

 h. 

Similar as F1/R1 culture, Lactobacillus group was the most abundant (~ 10
9
) bacterial 

group and Enterococcus group was the least abundant bacterial group with less than 10
6 

cells/mL feces in most of the time points. 

 

When black tea extract was added into fermenter (F2/R1), minor differences were screened 

in numbers of Atopobium, Bacteroides-Prevotella-Porphyromonas, Bifidobacterium, C. 

coccoides, Enterobacteriaceae groups compared to (F2/R2) samples (Figure 4.2.a-b). 

Different than the general trend, notable escalation was screened in the numbers of 

Atopobium (8.36 log cells/mL feces), C. coccoides (8.91 log cells/mL feces) and 

Enterobacteriaceae groups (9.22 log cells/mL feces) in 8
th

 h time point and a decrease was 

screened in Bifidobacterium group (7.49 log cells/mL feces) in 24
th

 h time point. Different 

than control samples (F2/R2), Enterococcus group counts were generally over 10
6
 cells/mL 

feces in black tea added (F2/R1) sample, where cell counts were under 10
6
 cells/mL feces 

in most of the time points in control samples (F2/R2). The highest bacterial count was 

monitored in Lactobacillus group in 8
th

 h (10
10 

cells/mL feces) with more than 1 log 

cell/mL feces difference compared to F2/R2. Moreover, significant increment was 

observed in total bacterial counts after 10 h (Figure 4.2.b). 
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Figure 4.2. Bacterial profile of 48 h fecal fermenter cultures in fermenter 2 (F2) (a) in the 

absence of black tea extract and (b) in the presence of black tea extract. Columns indicate    

:Atopobium,    :Bacteroides-Prevotella-Porphyromonas,    :Bifidobacterium,    :C. 

coccoides,    :Enterobacteriaceae,    :Enterococcus,    :Lactobacillus group and    :total 

bacteria, respectively. Values are means ± SD of three experimental replicates. 
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In control sample of the third fermenter (F3/R2), steady patterns were observed in 

Atopobium, Bacteroides-Prevotella-Porphyromonas, Enterococcus, Lactobacillus groups 

and total bacterial count (Figure 4.3.a). Significant increase in log cell numbers in 

Bifidobacterium and Enterobacteriaceae groups was monitored till 8
th

 h. The cell counts of 

those bacterial groups remained stable till 24
th

 h and then decreased notably at 30
th

 h. Cell 

numbers of Bifidobacterium and Enterobacteriaceae groups were then reached to their 

highest values (10
8
) in 48

th
 h. Furthermore, there was a notable increase in 24

th 
and 48

th
 h 

in C. coccoides group cells. Unlike other fermenter samples (F1/R2 & F2/R2), C. 

coccoides group was the most abundant bacterial group in most of the time points in F3/R2 

samples. 

 

Cell numbers of bacterial groups in black tea extract added fermenter (F3/R1) were close 

to cell counts in control samples (F3/R2) except Lactobacillus group (Figure 4.3.a-b). 

Different than the general trend in F3/R1 samples, numbers of C. coccoides group and 

Enterococcus group significantly escalated to ~10
9
 and ~10

8 
cells/mL feces respectively, 

where the numbers were ~10
8
 and 10

7
 cells/mL feces in control (F3/R2) samples (Figure 

4.3.b). Moreover, variation in cell numbers of Lactobacillus group between F3/R1 and 

F3/R2 was ~1 log cells/mL feces in most of the time points. 
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Figure 4.3. Bacterial profile of 48 h fecal fermenter cultures in fermenter 3 (F3) (a) in the 

absence of black tea extract and (b) in the presence of black tea extract. Columns indicate    

:Atopobium,    :Bacteroides-Prevotella-Porphyromonas,    :Bifidobacterium,    :C. 

coccoides,    :Enterobacteriaceae,    :Enterococcus,    :Lactobacillus group and    :total 

bacteria, respectively. Values are means ± SD of three experimental replicates. 
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4.1.2.  Evaluation of Q-PCR Analysis Results of All Fermenters  

 

The mean values of three fermenter samples for Q-PCR results, calculated as ISB which 

indicates the changes relative to control were compared to interpret the effects of BTP on 

modulation of gut microbiota. Data were collected from three fermenters which were run at 

different times with fecal samples of the same individual obtained right before 

fermentation. 

 

Among the studied bacterial groups, no significant change was noted in any of the bacterial 

groups (P>0.05) (Figure 4.4). Although the cell numbers of Lactobacillus group (8, 10, 24 

& 30
th

 h) as well as in 30
th

 h of Atopobium and Enterococcus groups  and 48
th

 h of 

Atopobium and Bacteroides-Prevotella-Porphyromonas groups increased in black tea 

added  (R1) samples relative to control (R2) samples, the increments were not significant 

(P>0.05). Slight decrease in black tea added samples (R1) compared to control samples 

(R2) was screened in numbers of Atopobium, Bacteroides-Prevotella-Porphyromonas, C. 

coccoides, Enterobacteriaceae, Enterococcus groups as well as in total bacterial count in 

most of the time points, although decrease was not significant (P>0.05). The highest 

reduction in bacterial numbers in R1 sample compared to control (R2) sample was 

examined in 10
th

 h of Enterobacteriaceae group (0.74 log cells/mL feces), however the 

reduction in the certain time point was not significant (P>0.05). Moreover, significant 

difference was not screened in any of the bacterial group cell numbers at a specific time 

point. 
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4.2.  CHANGES IN BACTERIAL COMPOSITION DETERMINED BY 

FLUORESCENT IN-SITU HYBRIDIZATION (FISH) 

4.2.1. Evaluation of Results of FISH Analysis for Each Fermentation Experiment  

 

FISH analysis was performed with the same fermenter samples as Q-PCR analysis. 

Although the samples of three separate fermenters were analyzed by Q-PCR, samples of 2 
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representative fermenters (F1 & F2) were used for FISH analysis because of the high cost 

and labor intensiveness of the technique.  

 

In control samples of the first fermenter F1/R2, all bacterial groups and total bacteria 

numbers showed stable patterns with less than 1 log cells/mL feces difference during 48 h 

fermentation (Table 4.1.). Notably, C. coccoides-E. rectale group and total bacterial counts 

decreased from 8.90 and 9.61 log cells/mL feces to 8.04 and 9.05log cells/mL feces, 

respectively in 10 h period (P<0.01). Decrease in C. coccoides-E. rectale group and total 

bacterial counts were followed by a significant increase till the end of fermentation. While 

the cell numbers of Lactobacillus-Enterococcus group was generally around 8 log cells/mL 

feces, cell numbers decreased significantly at 8
th

 (7.42 log cells/mL feces), 24
th

 (7.43 log 

cells/mL feces) and 48
th

 (7.35 log cells/mL feces) hours (P<0.01). Addition of black tea 

extract, F1/R1, also did not change the bacterial growth pattern over time. Bifidobacterium 

group counts increased from 8.10 to 8.50 log cells/mL feces in 8
th

 h (P<0.01) followed by a 

decrease afterwards till the end of fermentation (P<0.01). In C. coccoides-E. rectale group, 

lower counts than the general trend (~9 log cells/mL feces) were detected in 4
th

 (8.34 log 

cells/mL feces) and 10
th

 (8.20 log cells/mL feces) hours of fermentation (P<0.01) The 

highest difference in cell counts were detected in Lactobacillus-Enterococcus group, 

although the increase was less than 1 log cells/mL feces.  

 

Table 4.1. Bacterial counts of 48 h fecal fermenter cultures in fermenter 1 (F1) in black tea 

added cultures (F1/R1) and control cultures (F1/R2), analyzed by FISH. Values are means 

± SD of log cells/mL feces of experimental duplicates. 

 

Bacterial 

group 

Sample 

type 

Fermentation time (h) 

0 4 8 10 24 30 48 

Bacteroides 

-Prevotella 

BTA* 8.28±0.01 8.01±0.09 8.05±0.05 7.96±0.01 8.03±0.01 7.99±0.05 8.32±0.02 

Control 8.17±0.06 7.85±0.01 7.85±0.00 7.77±0.02 7.81±0.05 7.81±0.06 7.84±0.02 

Bifidobacterium 
BTA 8.18±0.02 8.10±0.01 8.50±0.01 8.19±0.03 8.02±0.04 8.34±0.05 8.34±0.03 

Control 8.12±0.05 8.08±0.01 8.40±0.05 8.17±0.02 8.27±0.05 8.330.01 8.33±0.03 

C. coccoides-E.  

rectale 

BTA 8.99±0.03 8.34±0.04 8.97±0.04 8.20±0.05 8.59±0.02 9.02±0.01 9.06±0.05 

Control 8.90±0.03 8.29±0.04 8.79±0.00 8.04±0.05 8.25±0.02 8.64±0.01 8.82±0.07 

Lactobacillus- 

Enterococcus 

BTA 8.18±0.02 8.22±0.02 8.12±0.02 8.31±0.01 8.18±0.01 8.33±0.01 8.10±0.13 

Control 8.02±0.01 7.83±0.03 7.42±0.02 7.80±0.00 7.43±0.10 7.78±0.01 7.35±0.04 

Total bacteria 
BTA 9.66±0.04 9.42±0.00 9.68±0.15 9.57±0.02 9.66±0.05 9.70±0.02 9.70±0.09 

Control 9.61±0.03 9.16±0.20 9.27±0.02 9.05±0.07 9.39±0.07 9.46±0.02 9.49±0.08 

* BTA=Black tea addition 
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The FISH analysis result of second fermenter without addition of black tea extract (F2/R2) 

gave similar results for all bacterial groups and total bacteria counts. C. coccoides-E. 

rectale group numbers decreased significantly in 10 h period (P<0.01) which was followed 

by a significant increase till the end of fermentation. While the cell numbers of 

Lactobacillus-Enterococcus group flowed around 8 log cells/mL feces, cell numbers 

decreased significantly at 8
th

 (7.41 log cells/mL feces), 24
th

 (7.39 log cells/mL feces) and 

48
th

 (7.28 log cells/mL feces) hours, similar to F1/R2 results (P<0.01). In total bacterial 

group, significant decrease (P<0.01) was observed in 4
th 

h compared to initial cell number. 

Total bacterial cells then increased significantly till the end of fermentation. 

 

Table 4.2. Bacterial counts of 48 h fecal fermenter cultures in fermenter 2 (F2) in black tea 

added cultures (F2/R1) and control cultures (F2/R2), analyzed by FISH. Values are means 

± SD of log cells/mL feces of experimental duplicates. 

 

Bacterial 

group 

Sample 

type 

Fermentation time (h) 

0 4 8 10 24 30 48 

Bacteroides- 

Prevotella 

BTA* 8.25±0.01 7.91±0.00 8.04±0.01 7.84±0.01 8.03±0.01 8.08±0.01 8.34±0.02 

Control 8.11±0.01 7.83±0.01 7.82±0.02 7.76±0.02 7.79±0.05 7.80±0.02 7.89±0.02 

Bifidobacterium 
BTA 8.19±0.01 8.11±0.04 8.46±0.00 8.14±0.01 7.96±0.01 8.29±0.02 8.39±0.08 

Control 8.02±0.00 8.00±0.02 8.39±0.04 8.05±0.07 8.10±0.02 8.15±0.06 8.26±0.02 

C. coccoides – 

E. rectale 

BTA 9.00±0.01 8.17±0.02 9.01±0.01 8.16±0.07 8.63±0.01 8.99±0.01 9.01±0.02 

Control 8.82±0.03 8.35±0.02 8.36±0.05 7.96±0.01 8.27±0.03 8.54±0.07 8.65±0.03 

Lactobacillus- 

Enterococcus 

BTA 8.13±0.04 8.16±0.04 8.08±0.05 8.29±0.03 8.16±0.01 8.30±0.00 8.01±0.03 

Control 8.00±0.12 7.75±0.01 7.41±0.01 7.74±0.06 7.39±0.04 7.75±0.03 7.28±0.08 

Total bacteria 
BTA 9.64±0.03 9.28±0.03 9.53±0.01 9.49±0.02 9.59±0.01 9.36±0.03 9.42±0.01 

Control 9.54±0.03 8.65±0.01 8.69±0.01 8.67±0.01 8.84±0.01 9.16±0.09 9.30±0.02 

* BTA=Black tea addition 

 

General pattern of bacterial groups in black tea added fermenter (F2/R1) was similar to that 

of control samples (F2/R2). Similar to F1/R1 samples, significantly lower counts than the 

general flow were observed in 4
th

 (8.17 log cells/mL feces) and 10
th 

h (8.16) of 

fermentation in C. coccoides-E. rectale group. Notably, Bifidobacterium group counts 

increased significantly till 8
th

 h which was followed by a significant decrease till 30
th

 h. 

Complementary to F1/R1 results, the highest difference in bacterial numbers were detected 

in Lactobacillus-Enterococcus group, although the difference between time points was less 

than 1 log cells/mL feces. 
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Total bacterial count displayed values between 10
9
-10

10
 cells/mL feces. Cell count values 

of bacterial groups; Bacteroides-Prevotella, Bifidobacterium, C. coccoides-E. rectale, 

Lactobacillus-Enterococcus, varied between 10
7
-10

9
 cells/mL feces with C. coccoides-E. 

rectale group counts being the highest. The cell counts obtained from each fermenter 

replicates (n=2) were close to each other. 

 

Representative images of FISH analysis are shown in Figures 4.5-4.9. 
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Figure 4.5. Confocal microscope image of Bacteroides-Prevotella spp (Bac 303) of 

fermentation samples at 100x magnification a: DAPI image, b: Cy3 image, c: Merged 

image of DAPI and Cy3 
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Figure 4.6. Confocal microscope image of Bifidobacterium spp (Bif 164) of fermentation 

samples at 100x magnification a: DAPI image, b: Cy3 image, c: Merged image of DAPI 

and Cy3 
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Figure 4.7. Confocal microscope image of C. coccoides-E. rectale group (Erec 482) of 

fermentation samples at 100x magnification a: DAPI image, b: Cy3 image, c: Merged 

image of DAPI and Cy3 
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Figure 4.8. Confocal microscope image of Lactobacillus−Enterococcus spp (Lab 158) of 

fermentation samples at 100x magnification a: DAPI image, b: Cy3 image, c: Merged 

image of DAPI and Cy3 
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Figure 4.9. Confocal microscope image of total bacteria (EUB 338, EUB 338II, EUB 

338III) of fermentation samples at 100x magnification a: DAPI image, b: Cy3 image, c: 

Merged image of DAPI and Cy3 

 

4.2.2.  Evaluation of FISH Analysis Results of All Fermenters  

 

The mean values of fermenter samples for FISH results, calculated as ISB which indicates 

the changes relative to control were compared to interpret the effects of BTP on 

modulation of gut microbiota. Data were collected from two fermenters which were run at 
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different times with fecal samples of the same individual obtained right before 

fermentation. 

 

FISH results showed that there was an increase in growth of Bacteroides-Prevotella, C. 

coccoides-E. rectale, Lactobacillus-Enterococcus groups and total bacterial count, and a 

decrease in growth of Bifidobacterium group in the presence of black tea compared to 

control in 48 h fecal batch fermentation. However, the results were significant only for C. 

coccoides-E. rectale and Lactobacillus-Enterococcus groups. 

 

As indicated in figure 4.10., when R1 values were compared to R2 values at the same time 

point, significant increase was screened in all time points of Lactobacillus-Enterococcus 

group counts. Moreover, Bacteroides-Prevotella group cells showed a significant increase 

in 8
th

 & 48
th

 h and C. coccoides-E. rectale group cells showed a significant increase in 30
th

 

h in R1 samples relative to control samples. Decline of bacterial population of 

Bifidobacterium group in R1 samples relative to control samples was observed to be 

significant in 24
th

 hour. 

 

 

 

Figure 4.10. Changes in bacterial group numbers during 48 h black tea fermentation in a 

fecal batch culture analyzed by FISH. Values are means ± SEM of fermenter replicates 

(n=2). Mean value was significantly different from that of the control: *P<0.05, **P<0.01.  
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5.  DISCUSSION 

 

 

Black tea is one of the most consumed beverages and is the significant part of polyphenol 

intake worldwide. Recent studies about relations between tea polyphenols and gut 

microbiota focus on two-way interactions between phenolic compounds of tea and gut 

microbial population [9, 17, 56-58, 83]. Tea polyphenols (TP) need to undergo a wide 

range of bioconversions to be transformed into smaller compounds (aglycones) for easier 

absorption from intestinal barrier and bioconversion of tea polyphenols are conducted by 

several enzymatic reactions such as demethylation, isomerization, fission of certain 

molecule groups, deglycosylation and hydrolysis [9, 11, 13, 14, 65]. Some colonic bacteria 

have important roles on metabolism of phenolic compounds by releasing specific enzymes, 

that human are not able to secrete [2]. Meanwhile, formation of phenolic metabolites may 

alter specific bacterial composition levels, possibly linked to several beneficial health 

effects such as reducing cardiovascular risk, antimicrobial and anti-inflammatory 

properties and antidiarrheal effects [6, 9, 68]. Due to support of tea polyphenols on the 

growth of some intestinal bacterial groups, potential prebiotic effect of tea polyphenols 

especially with bifidogenic and lactogenic effects were studied in literature [6, 13, 14, 31, 

44, 45].  

 

In the present study, the effects of Turkish BTPs on gut microbiota of a Turkish individual 

was determined by using Q-PCR and FISH analysis of samples obtained from in-vitro 

fermentation systems by addition of water extracted BTP (1000 mg/L). The amount of 

black tea extract used at these conditions represent the way of black tea consumption and 

daily phenolic intake for humans [11, 72]. The phenolic content of the extract, used in the 

present study determined by Özcan [72], consisted of flavanols such as catechin (C) (14.32 

mg/g dry extract), epicatechin (EC) (5.18 mg/g dry extract), epigallocatechin gallate 

(EGCG) (6.17 mg/g dry extract), epicatechin gallate (ECG) (1.14 mg/g dry extract), and 

gallocatechin gallate (GCG) (1.83 mg/g dry extract); phenolic acids such as gallic acid 

(GA) (11.36 mg/g dry extract), and theaflavins (TF) (2.17 % area). 

 

The results obtained from Q-PCR and FISH analysis were calculated as index of specific 

bacteria (ISB) indicating the differences in bacterial numbers in presence of black tea 
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relative to control. While the mean values of three fermenter samples gathered by using Q-

PCR analysis did not show any significant differences between the populations of bacterial 

groups in black tea added and control fermenter samples (Figure 4.4), the numbers of C. 

coccoides-E. rectale (30 h) and Lactobacillus-Enterococcus groups in black tea 

supplemented cultures increased significantly (P<0.01) relative to control cultures of the 

same samples in FISH analysis (Figure 4.10). Although FISH analysis results showed that 

there was a significant increase in the growth of Bacteroides-Prevotella group at 8
th

 and 

48
th

 h of incubation in black tea added samples compared to control samples, the change in 

the numbers were not significant at other fermentation points (P>0.05). On the other hand, 

Bifidobacterium group showed slight decrease in the presence of black tea extract, 

however, the results were not significant (P>0.05) except a significant decrease at 24
th

 h 

(P<0.05) in FISH analysis. In both analyses, no significant differences were observed in 

total bacterial counts (P>0.05) with the addition of black tea extract. 

 

Addition of black tea extract stimulated the growth of Lactobacillus and Enterococcus 

groups according to results of both Q-PCR and FISH analysis. Although the results of Q-

PCR in black tea extract added samples showed slight stimulation in the numbers of 

Lactobacillus group after 8, 10, 24 & 30 h incubation and only after 30 h incubation for 

Enterococcus group (P>0.05), the increase in Lactobacillus-Enterococcus groups 

according to FISH analysis was significant at all time points (4, 8, 10, 24, 30 & 48 h) 

compared to the numbers in control samples (P<0.05).  

 

The obtained data was also correlated with the results of Özcan [72] in which the 

metabolites of the same fermenter samples were analyzed by HPLC and GC. In the study 

of Özcan, the results of HPLC analysis of the same samples showed that the concentrations 

of C, EGCG, EC, ECG, GA, and TF were significantly degraded after 8, 10 and 24 h of 

incubation compared to control samples, suggesting that these polyphenols might be 

utilized by fecal bacteria present in fermenter. 

 

Previous studies showed that the effect of polyphenols on gut microbiota was highly 

variable among individuals. The reason of this variability was stated as the large inter-

individual variation in gut bacterial composition, causing variations of gut microbial 

groups in response to a polyphenol intervention [11, 13, 31, 56, 84]. Besides inter-



47 
  
 

  

individual differences in gut bacterial composition, composition & concentration and 

exposure time of polyphenols have been considered as parameters for variable effects of 

polyphenols on gut microbiota [9, 11, 13, 24, 68, 84].  

 

The stimulation of Lactobacillus-Enterococcus group in the presence of phenolic 

compounds was reported in many in-vitro fermenter gut microbiota studies in literature 

[13, 14, 46]. EGCG, GCG, EGCG3”Me isolated from oolong tea samples stimulated the 

growth of Lactobacillus-Enterococcus group analyzed by FISH analysis after 24 h of fecal 

fermentation suggesting that oolong tea polyphenols and their metabolites might have 

showed prebiotic-like activity on Lactobacillus-Enterococcus group, by reaching to colon 

and possibly affecting the growth [14, 44, 85]. Similar results were also reported in the 

studies of Cueva et al. [13] and Bialonska et al. [46], where gut microbiota analyses were 

conducted by FISH. Grape seed flavan-3-ol monomer (GSE-M) and oligomer (GSE-O) 

fractions (600 mg/L each) were degraded completely by gut microbiota after 10-24 h of 

fermentation parallel to increase in the growth of Lactobacillus-Enterococcus group in in-

vitro batch cultures compared to control samples suggesting that grape seed extracts of 

different flavan-3-ol profile might have a potency to stimulate the growth of Lactobacillus-

Enterococcus group [13]. Also, in-vitro batch culture fermentation of pomegranate by-

product (1.5 mL) lead to higher numbers of Lactobacillus-Enterococcus group compared 

to control samples proposing that stimulation in the growth of Lactobacillus-Enterococcus 

group in the presence of pomegranate by-products might be due to decomposition of 

pomegranate metabolites by specific strains of Lactobacillus species [46]. 

 

Stimulation of Lactobacillus-Enterococcus group was observed in in-vivo human and 

animal intervention studies as well [20, 23, 86, 87]. Polyphenols from red wine (50 

mg/kg), green tea (300 mg), grape pomace concentrate (60 g/kg) and the extracts (7.2 g/kg) 

of grape seed and blackcurrant (13.4 mg/kg) enhanced the growth of Lactobacillus-

Enterococcus group compared to placebo treatment in rat, pig and human feces, broiler 

chick cecal digesta and rat cecal digesta, respectively. All studies suggested that 

polyphenols might have positive effects on Lactobacillus-Enterococcus growth as 

polyphenol metabolites formed by enzymes, such as β-glucosidase, secreted by 

Lactobacillus and Enterococcus groups might act as growth precursors for Lactobacillus 

and Enterococcus groups. 
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On the other hand, addition of red wine polyphenols (0.6 mg/mL and 272 mL/day, 

respectively) in in-vitro fecal batch fermentation [31] and in-vivo human intervention [24] 

studies lead no significant results on the growth of Lactobacillus group compared to 

control fermenter culture and placebo treatment according to results of FISH and Q-PCR 

analysis, respectively. 

 

Like Lactobacillus-Enterococcus group, addition of black tea extract stimulated the growth 

of C. coccoides-E. rectale group according to results of FISH analysis, although Q-PCR 

analysis did not reveal any significant result in the numbers of C. coccoides group in this 

study. The increase in C. coccoides-E. rectale group obtained by FISH analysis was 

significant at 30 h compared to the numbers in control samples (P<0.01). Since E. rectale 

groups was analyzed in addition to C. coccoides group in FISH, where only C. coccoides 

group was analyzed in Q-PCR, differences in results between FISH and Q-PCR might be 

due to the significant increase in E. rectale group. Also, in Q-PCR analysis the primer 

design is an important parameter that has to be taken into account since it might affect 

primer specificity and hybridization efficiency, resulting biases in quantitative assessments 

of bacterial groups [33, 36]. 

 

Studies suggested that polyphenols might have an ability to influence the growth of 

specific gut bacteria by metabolic transformations of phenolics by the enzymes of gut 

bacteria. Clostridium and E. rectale groups are known to display enzymatic activities for 

hydrolysis, demethylation and fission of different polyphenol compounds such as C and 

EC [9, 45, 88]. So, degradation products of C, EGCG, EC, ECG and TF during 

fermentation [72] might be the reason of the stimulated numbers of Clostridium and E. 

rectale groups in BTP added fermenters in our study suggesting that BTP might act as 

precursors on the growth these groups.  

 

Similar to our results, addition of (+)-catechin (1000 mg/L) stimulated the growth of C. 

coccoides-E. rectale group after analysis of fecal batch cultures (17 h) by FISH analysis 

parallel to degradation of (+)-catechin at the same time period resulting that (+)-catechin 

might act as a precursor on the growth of C. coccoides-E. rectale group [45]. Comparable 

results were reported in in-vivo human intervention study of Queipo-Ortuno et al. [24] and 

animal study of Viveros et al. [23], where the effects of 797.86 mg/dose red wine 
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polyphenols (containing C, EC and GA) and 60 g/kg grape seed-grape pomace concentrate 

(containing 48.7 extractable polyphenols and 26.6 hydrolysable polyphenols) were 

analyzed by Q-PCR and plate counting methods, respectively.  

 

However, controversial results are also present in literature both in in-vitro and in-vivo 

human and animal intervention studies [11, 14, 20, 23, 44, 46, 47, 85]. While polyphenols 

from black tea (1000 mg/day containing C, GA and TF) [11], oolong tea (EGCG, GCG, 

EGCG3”Me) [14], cocoa (494 mg/day containing flavanols) [44], red wine (50 mg/kg 

containing C and EC) [86] and the extracts of red wine grape extract (1000 mg/day 

containing C)  [11],  blackcurrant extract (30 g/day) [20], grape seed (60 g/kg containing 

(+)-catechin, (-)-epicatechin and (-)-epicatechin-3-O-gallate) [23] inhibited the growth of 

C. coccoides and C. coccoides-E. rectale groups compared to control treatments according 

to results of Q-PCR, FISH and plate counting analysis. FISH analyses revealed that 

polyphenols from black tea [47] and pomegranate by-product (1.5 mL) [46] had no effects 

on the growth of C. coccoides and C. coccoides-E. rectale groups. The reasons of 

controversial results might be due to the differences in polyphenol composition and 

concentration, and inter-individual differences in gut bacterial composition of the studies 

[9, 11, 13, 24]. 

 

Different than Lactobacillus-Enterococcus and C. coccoides-E. rectale groups, the 

numbers of Bifidobacterium group decreased in black tea added fermenter samples relative 

to control both in Q-PCR and FISH analysis results, however the decrease in numbers were 

not significant (P>0.05).  

 

Although Bifidobacterium species are generally known to metabolize short chain fatty 

acids by the activity of glycosyl hydrolases such as β-glycosidase [89], recently the 

capacity of Bifidobacterium species to metabolize polyphenols have been studied by many 

researchers in in-vitro and in-vivo human and animal intervention gut microbiota studies 

[11, 14, 20, 24, 30, 44, 47]. While the stimulated effects of polyphenols from different 

sources on the growth of Bifidobacterium group in concentration dependent manner have 

been reported [14, 20, 24, 30, 44, 45, 46], Q-PCR analysis of in-vitro continuous 

fermentation (SHIME) of fecal cultures with black tea extract or red wine grape extract 

(1000 mg/day each, containing C, GA and TF) showed that in the presence of both 
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extracts, Bifidobacterium group were significantly inhibited compared to non-treated 

samples suggesting that BTP as well as red wine grape extract might have showed 

inhibitive action to Bifidobacterium group [11]. Moreover, plate counting results of GSE 

(337 mg/g), GSE-M (414 mg/g), and GSE-O (279 mg/g) fractions showed inhibitive 

effects on certain Bifidobacterium species [90]. Concentration dependent antimicrobial 

activities of polyphenols have been stated in many studies with different mechanisms of 

action [9, 68, 71, 84, 91, 92]. TP can disturb cell membrane function, inhibit glucose cell 

transport or lead iron deficiency in environment by forming polyphenol-metal ion 

complexes. Especially, high amount of gallate derived flavan-3-ols such as ECG, as 

gallolated polyphenols have been observed to have higher antimicrobial activity than non-

gallolated ones [91, 92]. So, the decrease in the number of Bifidobacterium group in the 

presence of black tea extract in our study might also be related with the inhibitory activity 

of phenolic compounds.  

 

The mean values of fermenter samples did not conclude any significant change in any of 

the time points of Bacteroides, Prevotella and Porphyromonas group from Q-PCR analysis 

in the presence of BTP compared to control (P>0.05), while Bacteroides-Prevotella group 

in FISH analysis showed significant increase in 8 h and 48 h of fermentation when black 

tea extract was added (P<0.05). 

 

Even though it is mostly known that in human gut, the growth of Bacteroides group is 

stimulated in protein and fat-high diet and the growth of Prevotella group is stimulated in 

carbohydrate-high diet [8], there are also studies indicating that Bacteroides and Prevotella 

groups are capable of metabolizing polyphenols by several enzymatic reactions [9, 88]. In 

the study of Queipo-Ortuno [24], red wine polyphenols stimulated the growth of 

Bacteroides-Prevotella group in in-vivo human intervention study where gut microbiota 

analysis was conducted by Q-PCR suggesting that red wine polyphenols might act as 

prebiotics on the growth of Bacteroides-Prevotella group [24]. Controversially, 

polyphenols of oolong tea [14] and Yunnan Chinese tea extract [84], red wine grape 

extract [11], blackcurrant extract [20], pomegranate by-product [46] as well as gallic acid 

[30] inhibited the growth of Bacteroides and Prevotella groups compared to control in gut 

microbiota studies suggesting that polyphenols may inhibit potential harmful or pathogen 

https://en.wikipedia.org/wiki/Prevotella
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bacteria such as Bacteroides and Prevotella group, but the mechanism has not been well 

studied. 

 

On the other hand, several in-vitro and in-vivo human and animal intervention gut 

microbiota studies also concluded that phenolic compounds from different sources [13, 31, 

44, 47, 56, 85] did not have any significant effects on Bacteroides and Prevotella groups 

compared to control groups. The variation between results might be due to the proportion 

of polyphenols or time of exposure as the studied amounts of polyphenols or exposure time 

might not have been enough to make significant changes in the numbers of Bacteroides 

and Prevotella groups [31, 56]. 

 

In this study, the growth of Atopobium and Enterobacteriaceae groups did not change by 

black tea exposure during 48 h fecal fermentation compared to control, according to Q-

PCR analysis. There is limited knowledge about the effects of phenolic compounds on the 

growth of Atopobium and Enterobacteriaceae groups since those bacterial groups are not 

yet well studied. According to an in-vivo human intervention study, 2-weeks of black tea 

consumption, with unknown amount of phenolic compounds, lead no changes in the 

growth of Atopobium group as well as Enterobacteriaceae group compared to placebo 

treatments, where gut microbiota analysis was conducted by FISH [47]. Another in-vivo 

human intervention gut microbiota study performed by multiplex PCR concluded that 12 

weeks of green tea consumption, in which daily consumption of EGCG was more than 

0.56 g and C was more than 1.35 g, lead no changes in the growth of Actinobacteria group 

and Proteobacteria group which are the higher taxa of Atopobium group and 

Enterobacteriaceae group, respectively [56]. On the other hand, stimulation of Atopobium 

group with 1000 mg/L of gallic acid supplementation was observed by FISH analysis in 24 

h of fecal batch fermentation culture compared to control culture suggesting that gallic acid 

might act positively on the growth of Atopobium group [30]. Although it was known that 

Actinobacteria group can ferment catechin-type polyphenols, the role of Atopobium group 

in the gut and interaction of Atopobium group species with polyphenols is not clear [30, 

70].  

 

Finally, both of our Q-PCR and FISH results revealed that BTP exposure did not show any 

significant effects on total bacterial count in any of the time points during 48 h 



52 
  
 

  

fermentation. Except in-vitro studies of Hidalgo et al. [30] and Bialonska et al.  [46], where 

gallic acid and polyphenols of pomegranate by-product stimulated the growth of total 

bacteria compared to control; other in-vitro studies are in agreement with our results [11, 

13, 14, 31]. The stability in the numbers of total bacterial group might be explained by a 

possible energy balance in gut microbial composition, as overall gut microbial composition 

is generally known to be quite stable despite changes in numbers of certain bacterial 

groups [56]. 
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6.  CONCLUSION 

 

 

In this study, the effects of BTP on human intestinal microflora was investigated in in-vitro 

batch fecal fermenter cultures. Q-PCR and FISH were performed to quantify the bacterial 

groups and analyze bacterial composition in fermenter cultures. While literature data 

mostly confirm our results, some inconsistencies are also present between literature and 

obtained results. Differences of our results from the present studies might be due to 

polyphenol composition, plant sources of polyphenols and exposure time of gut bacterial 

population to polyphenol compounds. Also, inter-individual variations of gut microbial 

composition might result in differences of gut microbial groups in response to a 

polyphenol exposure [11, 13, 14, 31, 56].  

 

Results of the study indicated that BTP might have a potential to modulate gut microbiota. 

Although Q-PCR results did not show any significant effects in the presence of black tea 

compared to control, FISH analysis revealed that BTP increased the numbers of 

Lactobacillus & Enterococcus and E. rectale-C. coccoides groups in the presence of BTP 

compared to control. 

 

Similar data were obtained when Q-PCR and FISH results were compared, suggesting that 

that both Q-PCR and FISH are applicable methods to enumerate gut microbial population. 

However, variations in bacterial numbers were observed in some of the bacterial groups 

when Q-PCR analysis was compared to FISH analysis. This variation might be due to 

biases in Q-PCR analysis where amplification of environmental DNA including DNAs of 

dead bacterial cells lead to over-estimation of Q-PCR results. On the other hand, the 

variation may be due to biases in FISH analysis, since FISH probes target rDNA in the 

cells and small cells or DNA might lower the hybridization efficiency, leading 

underestimated data. Moreover, variation of fluorescent signals between bacterial groups 

due to different environmental conditions and light intensities of different bacterial probes 

in FISH analysis might make the results more flexible. Storage conditions and storage time 

for fixed cells for FISH analysis also should have been taken into consideration as those 

parameters might affect stable cell numbers and probe affinities of cells in FISH analysis, 

leading biased results. 
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As a conclusion, this study provided valuable information about the impacts of Turkish 

BTP on bacterial groups of a Turkish individual in in-vitro batch fermentation cultures. 

However, mechanisms of black tea polyphenols and their degradation products on 

modulation of gut microbiota is still not clear and needs to be investigated in future studies 

such as in-vivo human intervention studies followed by metagenomic and metabolomic 

analyses. Unlike our study where fermentation was performed with fecal samples obtained 

from single person, further studies should be performed with fecal samples obtained from 

larger numbers of volunteers. 
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