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Abstract 
The widely known leaves of Camellia sinensis (L.) derive the most consumed 
beverage globally. All over the world, like in the Democratic Republic of the 
Congo (DR Congo), they are marketed in the form of packaged and in bulk 
black tea. The aim of this study was to report the microscopic botanical fea-
tures, the chromatographic fingerprints, the antioxidant activities, and the 
peroxidase inhibition of bulk-marketed black teas consumed in DR Congo. 
The microscopic analysis of powders from unpackaged black tea marketed in 
DR Congo allowed the identification of specific microscopical features, which 
are characteristic to C. sinensis (L.) such as numerous asterosclerites, nu-
merous fragments of unicellular trichomes; fragments of abaxial epidermis 
consisting of cells with slightly wavy walls, numerous anomocytic stomata, 
and the detection of biological contaminants, e.g. the dust mites. TLC and 
HPLC analysis indicated that flavonoids (hyperoside, rutin) and phenolic ac-
ids (chlorogenic acid, gallic acid) were major phenolic compounds, along 
with other secondary metabolites. Aqueous extracts from all bulk-marketed 
black teas exhibited good antioxidant activities at the concentrations range of 
1 - 20 μg·mL−1 using in vitro ABTS and DPPH assays. These extracts showed 
equally inhibitory effects on myeloperoxidase (MPO) and horseradish perox-
idase (HRP) activities at the concentration ranges of 1 - 20 μg·mL−1 and 20 - 
100 μg·mL−1 respectively. Bulk-marketed black teas consumed in DR Congo 
possess antioxidant and anti-inflammatory properties comparable to pack-
aged Ceylon tea largely marketed. The observed bioactivities support the  
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health benefits of the consumed black tea by Congolese people, despite the 
storage conditions to be improved in order to preserve its nutritional and 
therapeutic assets. 
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1. Introduction 

Camellia sinensis (L.) grows best in some tropical and subtropical country such 
as the Democratic Republic of the Congo (DR Congo) [1]. Tea is a popular be-
verage worldwide [2] [3]. There are four main types of tea produced from this 
same plant, depending on how the tea leaves are processed such as the degree of 
fermentation, taste, and color. Tea is generally consumed in the forms of green, 
Oolong, Puerh, and black tea, all of which originate from the leaves of the plant 
C. sinensis (L.) [3] [4]. Oolong tea is very common in many countries; however, 
green tea is preferred over the other types in China and Japan. Black tea is pre-
valent among Western countries and dominates the market economically [5]. 
Tea is valued for its taste, aroma, health benefits, and cultural practices [6]. In 
the Democratic Republic of the Congo (DR Congo), black tea is largely con-
sumed during breakfast such as a popular drink by Congolese population. Pack-
aged and bulk-marketed black teas are marketed under various trade names 
presented such as having high quality nutritional and therapeutic values. Increa-
singly the Congolese population gives more preference to packaged teas at the 
expense of bulk-marketed black teas for quality reasons. The aim of this study was 
to evaluate the antioxidant activity and the inhibition effect on peroxidases (HRP 
and MPO) of infusion from bulk-marketed black tea consumed in the Congo. Ad-
ditionally, to better characterize the different teas investigated, their microscopical 
characteristics and their chromatographic fingerprints were determined.  

2. Materiel and Methods 
2.1. Tea Samples 

This study was conducted during 2018 to Kinshasa in DR Congo. The 
bulk-marketed black teas were collected from two markets of Kinshasa (La Li-
berté and Zikida) (Table 1). They were finely ground in a high-speed mill 
(Retsch ZM 100 Model) and sieved at 180 µm particle size.  

2.2. Chemicals and Reagents 

All solvents used were of analytical and HPLC grade and purchased from Merck 
VWR (Leuven, Belgium). 2-Aminoethyldiphenylborat and vanillin were pur-
chased from Sigma (Bornem, Belgium). L-012 (8-amino-5-chloro-7-phenylpyrido 
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Table 1. List of studied bulk-marketed black teas marketed in DR Congo. 

Samples Trade Names Origines Markets 

Tea 1 Manyuka jaune Bukavu/DRC La liberté 

Tea 2 PF1 Ouganda La liberté 

Tea 3 BM manyuka Bukavu/DRC La liberté 

Tea 4 Rabbata Bukavu/DRC La liberté 

Tea 5 PF Ouganda La liberté 

Tea 6 Albona Bukavu/DRC Zikida 

Tea 7 Lipton 1 Bukavu/DRC Zikida 

Tea 8 Phoenix Bukavu/DRC Zikida 

Tea 9 Lipton 2 ouganda Ouganda Zikida 

Tea 10 Manyuka Bukavu/DRC Zikida 

Tea TB LEBEST* (Figure 1) Ceylon Shop Unikin 

(*) LEBEST is a packaged black tea (2 g/tea bag) from Ceylon used such as reference tea or standard tea. 

 

 
Figure 1. Packaged tea “LEBEST”. 

 
[3,4–d]pyridazine-1,4(2H,3H)dione) was purchased from Wako Chemicals 
GmbH (Neuss, Germany).  

Horseradish peroxidase (HRP) was obtained from Roche (Mannheim, Ger-
many) and human Myeloperoxidase was from Calbiochem, EMD Millipore (Bel-
lirica, MA, USA). Caffeic acid (purity 96%), gallic acid (purity: 97%) was pur-
chased from Sigma-Aldrich. Rutin (purity ≥ 99%), isoquercitrin (purity ≥ 99%) 
and, hyperoside (purity ≥ 98%) were HPLC grade and purchased from Extra-
synthese. Water was treated using a Milli-Q water ultra-purification system be-
fore use. 

2.3. Microscopic Analysis 

Powder observations were made using lactic acid reagent (European Pharma-
copeia reagent) [7]. For the microscopic analysis, two drops of lactic acid reagent 
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dropped on the slide were mixed with a small quantity of powder and then cov-
ered with a cover glass. The obtained microscopic preparation was warmed up to 
boiling. Observations were made with a Zeiss Primo Star 200 microscope and 
pictures were taken with Smart Phone Samsung E7. 

2.4. Preparation of Extracts 

Aqueous extracts were prepared by infusion of 10 g of sample powders with 100 
mL of water for 10 minutes. The infusion was cooled to room temperature be-
fore filtration and the evaporation of the solvent was performed by lyophilisa-
tion (a Christ Alpha 1-4 LSC® apparatus). The extracts were then weighed and 
kept in dark hermetic flasks at 4˚C. 

2.5. Phytochemical Analysis 
2.5.1. Thin Layer Chromatography (TLC) Analysis 
Analytical TLC of 10 μL of solution for 10 mg·mL−1 of methanolic and dichlo-
romethane extracts was carried out on normal phase Silica gel 60 F254 plates 
(Merck), using different eluents for the identification of secondary metabolites 
[8]. TLC of 10 μL of methanolic solutions was carried out on Silica gel 60 F254 
plates (Merck), using ethyl acetate/formic acid/ methanol/water (20:0.5:2.5:2; 
v/v/v/v) as eluent. Caffeic acid, chlorogenic acid, ferulic acid, hyperoside, astra-
galin, isoquercitrin and rutin were used as a standards. The plate was sprayed 
with Natural Products-PEG reagent and observed at UV-365 nm.  

2.5.2. High-Performance Liquid Chromatography (HPLC) Analysis and  
Purification 

Analytical separation on HPLC-DAD was carried out on a Hypersil ODS® RP18 
column as described previously [9]. The analysis was carried out at 25˚C by an 
“Agilent 1100” HPLC chain connected to a diode array detector (DAD). All 
samples and standards were filtered through a 0.45 μm pore size syringe-driven 
filter before 20 μL of each one were injected into the HPLC-UV/DAD system. 
The separation was carried out using an Hypersil ODS column (4 × 250 mm) 
with a nonlinear gradient of acetonitril (solvent A) and 0.05% trifluoroacetic ac-
id in ultra pure water (solvent B) in the following composition: 0 min, 0:100 
(A:B), 1 min, 3:97 (A:B); 45 min, 40:60 (A:B); 55 min, 40:60 (A:B); 56 min, 0:100 
(A:B) and 60 min, stop. The time (T) is expressed in minutes. The compounds 
were eluted at a flow rate of 1 mL/min and detected with UV-DAD. The UV 
spectra of elution peaks were recorded in the range from 250 to 340 nm and the 
chromatograms were monitored at 280 and 340 nm. The identification was 
based on the retention time and the absorption spectra in comparison to the ref-
erences. 

2.5.3. Phytochemical Contents 
Total phenolic, flavonoid and anthocyanin contents were determined by me-
thods described previously [7] [10]. 
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2.6. Cellular Free and Enzymatic Assays 

The extracts were solubilized in water, thus their effect was compared to a con-
trol test performed with water alone. 

2.6.1. Cellular Free Antioxidant Activity 
In vitro antioxidant analysis was performed by ABTS and DPPH assays as de-
scribed previously [10] [11]. 

2.6.2. Peroxidase Inhibitions 
1) Inhibition of Myeloperoxidase Activity  
PBS solutions of the plant extracts to the final concentrations of 0.1, 1 and 10 

μg·mL−1 were incubated for 10 min with MPO at a final concentration of 25 
ng·mL−1. After incubation, 100 μL of the mixtures were loaded into the 96-well 
microtitration plates and incubated for 10 minutes at 37˚C in darkness. The 
MPO peroxidase activity (enzymatic activity) was detected by adding 100 μL of 
Amplex® Red solution (80 μM) solution dissolved in phosphate buffer (50 mM, 
at pH 7.5), H2O2 (10 μM) and 10 μL sodium nitrite (10 mM). The oxidation of 
Amplex® Red into the fluorescent adduct resorufin (λ excitation = 544 nm; λ 
emission = 590 nm) was monitored for 30 min at 37˚C with a fluorescent plate 
reader (Fluoroskan Ascent, Fisher Scientific). A control assay set as 100% MPO 
activity was performed with purified MPO in the presence of PBS instead of the 
plant extracts [12].  

2) Inhibition of HRP Oxidant (or Oxidative) Activity 
This method evaluates the modulatory effect of extracts on HRP catalytic ac-

tivity using L-012, a luminol-based chemiluminescent probe. Two microliters of 
extract solutions at final concentrations of 0.1, 1 and 10 μg·mL−1 were added to 
163 μL of Phosphate buffer, 5 μL of HRP (1 mg·mL−1), 10 μL of L-012 and 20 μL 
of H2O2. In each assay, three wells were loaded without plant extracts but with 
DMSO and were taken as control (100% CL response). To measure the basic CL 
response at the absence of activation, three other wells without plant extract did 
not receive H2O2 (NA, not activated). The CL response was monitored for 30 
minutes at 37˚C with a Fluoroscan Ascent spectrophotometer (Fisher Scientific, 
Tournai, Belgium) and expressed as the integral value of the total CL emission 
[10].  

2.7. Statistical Analysis 

Each concentration was tested in triplicate in each assay, and at least three dif-
ferent assays were performed. All results were expressed as mean values ± stan-
dard deviation (SD). The statistical analysis was performed with GraphPad 7.0 
(GraphPad Software, San Diego California, USA). Two-way ANOVA was used; 
multiple comparisons of all data were performed using the “Tukey” Multiple 
Comparisons Test and the level of statistical significance was set at p < 0.05. The 
IC50 values were calculated with GraphPad Prism 7.0 under application of the 
function “log (inhibitor) vs. normalized response-variable slope” after convert-
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ing the concentrations into their decimal logarithm. 

3. Results and Discussion 
3.1. Botanical Features  

Examined under a microscope using European Pharmacopeia reagent (Lactic 
acid reagent), the powders of different samples showed the following diagnostic 
characters: numerous asterosclerites (Figure 2), numerous fragments of unicel-
lular trichomes; fragments of abaxial epidermis consisting of cells with slightly 
wavy walls, numerous anomocytic stomata, slightly thickened walls, accompa-
nied by cells of the underlying palisade parenchyma; numerous isolated and 
grouped sclereids (Figure 3), palisade parenchyma usually arranged in 2 layers, 
spongy parenchyma including cells containing cluster crystals of calcium oxa-
late; fragments of spiral vessels accompanied by lignified fibers. Numerous 
starch grains, drop oils were also identified. Microscopy analysis showed equally 
foreign elements such as insect pests (mites) and grain of sand in three samples 
(Figure 4).  

The detection, prevention and eradication of mites and insects infestation is 
an important hygienic and economic consideration for natural products. The 
presence of mites or insects in studied black teas is critical for quality of teas 
consumed by the Congolese population. Bulk-marketed black teas are conserved 
in the woven sacks and are sold outdoors in the large plastic basin. Storage con-
ditions affect the quality of tea products. The main factors influencing tea quality 
and polyphenol stability during storage are light, oxygen, and temperature [6]. 
Weather conditions to Kinshasa (DR Congo), are characterized by high temper-
atures and high humidity. Effective preventive measures of natural products in-
volve good hygiene in the warehouse (removal of spillages, old debris and pack-
aging materials, elimination of sources of infections such as floor cracks and 
crevices), effective stock control (regular inspection, rotation of stock, early rec-
ognition of infestation), optimum storage conditions (maintenance of cool, dry 
environment) and good packaging (woven sacks and bags, multiply paper sacks 
stitched at the seams, paper, polythene film, flimsy cardboard are all penetrable 
by insects and mites) [13]. High temperatures and high humidity could also lead 
to proliferation of Aspergillus, Fusarium, and Penicillium, the natural fungal 
flora usually found in the food chain that produce mycotoxins [14]. Mycotoxins 
are reported such as the major chemical contaminants found in tea products to-
gether with pesticides residues and heavy metals. Few reports focused on the 
mycotoxin detection in tea samples, however aflatoxins, ochratoxin A, and fu-
monisins were found in black tea samples. Acting such as carcinogenic and te-
ratogenic agents, mycotoxins are recognized as a serious threat to human health 
[14]. 

Awareness-raising campaigns among sellers and food quality control authori-
ties should be conducted to improve the quality of food for the Congolese 
people. 
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Figure 2. Different types of asterosclerites of tea (40×). 

 

 
Figure 3. Different grouped sclereids of tea (40×). 

 

 
Figure 4. Entire insect pests (mites) and their parts (40×). 

3.2. Phytochemicals 

Phytochemical analysis revealed the presence of anthocyanidins, phenolic acids, 
flavonoids, iridoids, terpenes. TLC and HPLC fingerprints of all black tea sam-
ples were nearly similar and showed the presence of glycosylated flavonoids and 
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phenolic acids as main compounds. By comparison with standards, they showed 
that extracts of teas contain chlorogenic acid, gallic acid, ferulic acid such as 
phenolic acids and astragalin, hyperoside, kaempferol, quercetin-3-O-rutinoside 
(rutin) such as flavonoids (Figure 5). HPLC analysis revealed that hyperoside, 
rutin and kaempferol 3-O-rutinoside was the main glycosylated flavonoids in 
accordance with previous studies [15]. Hyperoside was the major pic in the all 
tea HPLC chromatograms (Figure 6).  

Previous phytochemical analysis showed that the chemical components of tea 
leaves include polyphenols, alkaloids (caffeine, theobromine, theophylline, etc.), 
volatile oils, polysaccharides, amino acids, lipids, vitamins (e.g., vitamin C), in-
organic elements (e.g., aluminium, fluorine and manganese), etc. However, the 
polyphenols are primarily responsible for the beneficial healthful properties of 
tea [5] [16] [17].  

Polyphenol composition of tea varied with the types of teas [16]. The major 
polyphenolic compounds in green tea are catechins, and in black tea are flavo-
noids predominantly polymeric of the type theaflavins and thearubigins. Black 
tea is produced by fermentation, which is in fact an enzymatic oxidation evoked 
by polyphenol oxidases native to tea leaves. There are two possible ways of 
processing in order to obtain black tea using “orthodox rollers” or 
“crush-tear-curl” (CTC) machines. During black tea manufacturing the most 
considerable changes occur in the content of catechins. A profound loss in cate-
chin content is observed and at the same time new compounds (theaflavins and 
thearubigins) are formed as a result of enzymatic oxidation [3] [6] [15] [18]. 
Black tea retains a high number of the antioxidants polyphenols such as flavo-
noids. Black tea was reported to contain more gallic acid compared to green tea. 
Green tea contains six primary catechin compounds, namely catechin, galloca-
techin, epicatechin, epigallocatechin, epicatechin-3-gallate and epigallocate-
chin-3-gallate (EGCG) [6] [19]. Black teas consumed in DR Congo seem to be 
CTC tea such as the cases of many Africa’s countries [15].  

Results from the quantitative determination of anthocyanins, flavonoids and 
total phenolic content are summarized in Table 2. Anthocyanin contents were 
determined as catechin equivalents in grams per 100 grams of dry weight (g 
CE/100g DW), while total polyphenol contents were calculated as gallic acid 
equivalents in grams per 100 grams of dry weight (g GAE/100g DW). Flavonoid 
content was determined as quercetin equivalents in grams per 100 grams of dry 
weight (g QE/100g DW). The anthocyanin, flavonoid and total phenolic con-
tents varied significantly (p < 0.05) between the studied teas. The tea 1 showed 
the highest value of total phenol content and anthocyanins, the tea 7 the highest 
value of flavonoid content.  

3.3. Antioxidant Activity 

Radical scavenging activity of tested infusion extracts of teas, determined by two 
biochemical in vitro methods namely ABTS and DPPH assays is presented in 

https://doi.org/10.4236/jbm.2019.79007


N. N. Kabamba et al. 
 

 

DOI: 10.4236/jbm.2019.79007 74 Journal of Biosciences and Medicines 
 

Table 3 and is expressed as IC50 values. IC50 is the amount of antioxidant neces-
sary to decrease the initial concentration of radical by 50%. 
 

 
Figure 5. TLC chromatograms of methanolic extracts from Tea samples with caffeic acid, chlorogenic acid, ferulic acid, hyper-
oside, astragalin, isoquercitrin and rutin as standards; developed with ethyl acetate/formic acid/methanol/water (20:0.5:2.5:2; 
v/v/v/v) and visualized at 365 nm with Natural Products-PEG reagent. Flavonoids are detected as yellow-orange fluorescent spots 
and phenolic acids as blue fluorescent spots. 

 

 
Figure 6. HPLC chromatogram of methanolic extract of black tea using a nonlinear gradient of acetonitrile (A) and 0.05% triflu-
oroacetic acid in ultra-pure water (B): 0 min, 0:100 (A:B), 1 min, 3:97 (A:B); 45 min, 40:60 (A:B); 55 min, 40:60 (A:B); 56 min, 
0:100 (A:B) and 60 min, stop at 1 mL/min on Hypersil ODS column (4 mm × 250 mm) with detection at 340 nm. The elution time 
is given in minutes (horizontal axis). On the y-axis, the height of the elution peak, expressed in arbitrary milli-units (mAU) cor-
responds to the concentration of the eluted compound in the sample analyzed.  
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Table 2. Total anthocyanins, flavonoids and total phenolic contents of selected teas. 

Samples 
Total Polyphenol Contents 

(g GAE/100g) 
Flavonoids 

(g QE/100g) 
Anthocyanins 
(g CE/100g) 

Tea 1 180.13 ± 3.22 4.32 ± 0.04 5.54 ± 0.42 

Tea 2 175.4 ± 5.13 4.63 ± 0.2 3.35 ± 0.1 

Tea 3 122.5 ± 1.88 3.56 ± 0.3 2.68 ± 0.44 

Tea 4 111.5 ± 11.97 3.00 ± 0.2 1.29 ± 0.53 

Tea 5 159.1 ± 4.5 4.09 ± 0.56 2.55 ± 0.44 

Tea 6 139.1± 7.56 4.67 ± 0.05 2.41 ± 0.21 

Tea 7 170.54 ± 15.26 4.95 ± 0.4 2.82 ± 0.21 

Tea 8 140.86 ± 1.8 2.95 ± 0.14 1.57 ± 0.36 

Tea 9 119.38 ± 6.61 2.51 ± 0.07 1.99 ± 0.9 

Tea 10 124.24 ± 7.5 3.33 ± 0.3 2.96± 0.24 

Tea TB 165.24 ± 7.5 4.31 ± 0.6 2.01± 0.12 

 
Table 3. IC50 values (μg·mL−1) of infusion extracts of selected teas on ABTS and DPPH 
assays (Mean ± SD, n = 6). 

Samples 
IC50 (μg·mL−1) 

ABTS DPPH 

Tea 1 7.36 ± 0.78 13.77 ± 0.77 

Tea 2 7.64 ± 0.65 13.36 ± 1.17 

Tea 3 6.76 ± 0.49 9.04 ± 0.93 

Tea 4 5.85 ± 0.57 11.35 ± 1.02 

Tea 5 6.19 ± 0.62 18.71 ± 1.41 

Tea 6 5.78 ± 0.37 13.74 ± 1.15 

Tea 7 8.18 ± 0.68 15.03 ± 0.97 

Tea 8 4.58 ± 0.3 10.67 ± 0.76 

Tea 9 5.04 ± 0.46 18.62 ± 1.83 

Tea 10 6.37 ± 0.69 21.83 ± 1.55 

TeaTB 4.36 ± 0.44 10.94 ± 0.54 

Gallic acid 0.71 ± 0.08 1.07 ± 0.10 

 
Lower IC50 value indicates a higher antioxidant activity. All the extracts had 

significant scavenging effects with antiradical activities connected to their ability 
to scavenge free radicals according to their IC50 values. IC50 for infusion extracts 
showed that Tea 8 and TeaTB are the most active in ABTS assay; while in DPPH 
assay Tea 3 is the most active, but there is not significative difference with Tea 8 
and TeaTB. Our results obtained from ABTS and DPPH assays show that all the 
infusion extracts of bulk-marketed black teas possessed antioxidant properties 
comparable to the reference packaged tea (TeaTB). The tea “LEBEST” is the 
main packaged black tea marketed in DRC. The two-way Anova test showed that 
there are no statistical differences between TeaTB (The reference tea) and Tea 4, 
6, 8 and 9 in ABTS assay and Tea 1, 2, 3, 4, 6 and 8 in DPPH assay (p < 0.05) 
(Figure 7 and Figure 8).  
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Figure 7. ABTS-radical scavenging activity expressed in IC50 values (μg·mL−1). All data 
are expressed as the means ± SD. *P < 0.05 indicated a statistically significant difference 
between Reference black tea (LEBEST) and the bulk-marketed black teas. 

 

 
Figure 8. DPPH-radical scavenging activity expressed in IC50 values (μg·mL−1). All data 
are expressed as the means ± SD. *P < 0.05 indicated a statistically significant difference 
between Reference black tea (LEBEST) and the bulk-marketed black teas. 

 
Our results were correlated between the two chemical methods used. The dif-

ferences observed between the two methods could be attributed to the fact that 
DPPH assay only detect hydrophilic antioxidants in the contrary of ABTS assay. 
The highest radical-scavenging capacities of infusion extracts of studied teas are 
not in adequacy with their anthocyanin, flavonoid and total phenolic contents. 
The basic bioactive compounds in tea are polyphenols. Antioxidant potential of 
studied black teas varied related to their quantity of polyphenol compounds. The 
antioxidant activity of tea polyphenols is not only due to their ability to scavenge 
superoxide but also due to increased activity of some detoxifying enzymes such 
as glutathione peroxidase, glutathione reductase, glutathione-S-transferase, cat-
alase [2] [16]. 
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3.4. Peroxidase Inhibition 

Peroxidases represent a family of isoenzymes actively involved in oxidizing reac-
tive oxygen species, innate immunity, hormone biosynthesis and pathogenesis of 
several diseases. Even though peroxidases perform a great role in protective me-
chanisms but still some peroxidases can also lead to some deleterious reactions 
like co-oxidation of endogenous substrates, drugs and xenobiotics which lead to 
lipoprotein oxidation, carcinogenesis and liver necrosis. So nowadays even va-
riety of inhibitors are also used against different types of tissue specific perox-
idases to treat various types of diseases [20]. Peroxidases generally use H2O2 as 
one of the substrates. The MPO is, a pro-oxidant enzyme involved in secondary 
cell damage. MPO and its metabolites are biomarkers for infectious diseases and 
a wide array of non-infectious and neurodegenerative disorders [20] [21]. In 
MPO direct technique, all infusion extracts of teas exhibited a dose-dependent 
inhibitory effect on MPO activity in the range concentrations of 1 to 20 µg·mL−1. 
This inhibitory effect was significantly higher (p < 0.0001) and showed a better 
interaction of molecules of tea extracts with the enzyme (Figure 9).  

Altogether the results showed that the extracts tested showed the highest 
acellular and the highest inhibition on MPO activity. Phenolic compounds such 
as catechins, glycosylated flavonoids of tea extracts were reported to be excellent 
inhibitors of MPO and the pyrogallol group in the B ring, the 3, 4’, and 5-OHs, 
and of the C2-C3 double bond are essential for both binding and reactivity with 
peroxidase such as MPO [22] [23].  

The inhibition of HRP-catalyzed oxidation reactions was studied by using 
L-012 chemiluminescence method. L-012 is a luminol-based molecule that has 
been reported to produce much stronger chemiluminescence (CL) than other CL 
probes [21]. Tea extracts showed a less effective inhibition of HRP oxidant activ-
ity and the effect appears at the concentration of 80 µg·mL−1. At concentration of 
100 μg·mL−1, the percentage of inhibition effect was approximatively 50% for Tea 
5, Tea 6, Tea 7, Tea 8 and TeaTB.  

 

 

Figure 9. Effect of gallic acid and aqueous extracts from Tea (T: bulk-marketed black tea; TTB: reference packaged tea named 
LEBEST) on MPO activity. Notes: the percentage of inhibition was calculated for each sample concentration versus the corres-
ponding control (MP0 + Water), taken as 100% (mean ± sd, n = 3), samples vs. control Water. p-values (**** < p 0.0001) calcu-
lated by two-way ANOVA indicated a significant effect vs. Water control set as 100% response. ns = not significant vs. Water con-
trol. 
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Horseradish peroxidase (HRP) was used for the investigation of inhibitor ac-
tivity of anti-inflammatory drugs [24]. The results of this assay showed that tea 
extracts exhibited a moderate capacity to inhibit HRP catalytic activity related to 
their polyphenolic contents. Phenolic compounds contained in tea extracts, 
should be responsible of exhibited inhibitory properties on HRP. Mahfoudi et al. 
(2017) reported that flavonoids exhibited a great capacity to inhibit HRP and the 
presence of 4’-OH groups on the B ring (catechol structure) is most important 
for this potent peroxidase inhibition [25].  

In some acute and chronic pathologies peroxidases generate a battery of high-
ly diffusible reactive oxidants, which instigate oxidative damage in the host tis-
sues at the inflammatory sites exacerbating tissue damage [26]. Our results 
demonstrated that all extracts from bulk-marketed black teas exerted a noticea-
ble inhibitory effect on the MPO and on HRP catalytic activity comparable to tea 
“LEBEST”, the packaged black tea used such as reference. Obtained results 
showed that unpackaged black tea marketed, largely consumed by Congolese 
people would procure the health benefits under different conditions. However, 
storage conditions must be improved to preserve the nutritional and therapeutic 
values of tea. 

4. Conclusion 

The microscopic analysis of powders from bulk-marketed black teas from DR 
Congo allowed the identification of specific microscopical features characteristic 
to Camellia sinensis and the detection of biological contaminants, in this case, 
the mites. TLC and HPLC analysis indicated that flavonoids and phenolic acids 
were major phenolic compounds with other secondary metabolites. Aqueous ex-
tracts from all bulk-marketed black teas exhibited good antioxidant activities 
and inhibitory effect on MPO and HRP activities. Bulk-marketed black teas 
consumed in DR Congo possess antioxidant and anti-inflammatory properties 
comparable to packaged black tea largely marketed used as tea reference. How-
ever, the in vitro activities should be complemented in the future with in vivo 
evaluation, which could be valorized bulk-marketed black teas. 
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